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List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.C.S., 1921, 119, 502—512.] 


1. Mathematical Symbols. 

Usual Alternative 

symbol. symbol. 

Base of natural (Napierian) logarithms ... j e 

Diameter & 

Radius ; r 

Ratio of circumference to diameter v 

Summation 2 

Variation J 

Total differential * ® 

Partial differential 5 


2. Universal Constants. 


Acceleration due to gravity 9 

Mechanical equivalent of heat J 

Avogadro’s constant [number of molecules 

in 1 gram-molecule (mole) ] N 

Gas constant per mole P 

Faraday’s constant (number of coulombs 

per gram-equivalent of an ion) F 

Charge on an electron e 


3. General Physics and Chemistry . 


Length 

Height 

Mass 

Time .... 

Volume * 

Density (mass per unit volume) 

Pressure 

Concentration 

Mole fraction 

GwHcal constants : pressure, volume, tem- 
perature (oentigrade), temperature 

(absolute), density 

Reduced quantities s pressure, volume, 
temperature, density 

^van der WaaJs’s constants 


Fluidity 

Viscosity 

Surface tension 

Diffusion coefficient 


" Atomic weight 

Molecular weight 

Velocity coefficient of reaction 

Equilibrium constant 

Van ’t Hoff coefficient 

Degree of dissociation (electrolytic, thermal, 
etc.) 
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m 
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LIST OF PHYSICO-CHEMICAL SYMBOLS. 


it. Heat and Thermodynamics . 


Temperature (centigrade) 

Temperature (absolute) 

Critical temperature 

Reduced temperature 

Critical solution temperature 

Quantity of heat 

Entropy 

Specific heat 

Specific heat at constant pressure 

Specific heat at constant volume 

Ratio of specific heats, c p : c v 

Molecular heat 

Molecular heat at constant pressure 

Molecular heat at constant volume 

Latent heat per gram 

Latent heat per mole j 

Maximum work (diminution of free energy) ! 


Usual 
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to T g 
tft T r 
ton T ct 
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C J» 

c. 
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A 


Alternative 

symbol. 


C. Optics. 

Wave-length of light 

Refractive index 

Specific refractive power (Gladstone and 
Dale) 

Specific refractive power (Lorentz and 
Lorenz) 

Molecular refractive power ... 

Angle of optical rotation 

Specific rotatory power 

Molecular rotatory power . . 

Specific magnetic rotation .. 

Molecular magnetic rotation 
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r a, [Wa 


c^i 

c R&, R 

v M 


M 

M [a] 

M 

ATM 


6. Electricity and Magnetism . 


Quantity of electricity 
Current intensity 

Resistance 

Electromotive force 

Electrode potential, or discharge potential 

of an ion 

Electrode potential referred to the normal 
hydrogen or normal calomel electrode 
respectively, the potential of which is 

taken as zero 

Normal potential, i.e. % the electrode poten- 
tial referred to the normal hydrogen or 
normal calomel electrode respectively, 
when the solution is molecular-normal 
in respect of ail participating sub- 
stances and ions of variable concentra- 
tion 

Dielectric constant 

Conductivity (specific conductance) 

Equivalent conductivity 

Equivalent conductivity at different dilu- 
tiona-~yolumes m litres containing 
1 gram equivalent 
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6, Electricity and Magnetism — (continued). 


Equivalent conductivity of cation and 

of anion •; 

Equivalent conductivity of specified ions... 

Molecular conductivity 

Velocity of cation and of anion in cm./ sec. 
when the potential gradient is 1 volt 

per cm ; 

Transport number of kation and of anion ... 

Magnetic permeability 

Ma.cynftt,ic suseeotibilitv 


Usual 

symbol. 


A*, A „ 
A ic* Aei 


V U a 
tijfc, n a 

b 
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Alternative 

symbol. 


Symbol. 
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^ ~~C,, .. 
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C P> G. 
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Last of Symbols , Arranged Alphabetically . 

Name of quantity. 

Atomic weight; maximum work. 

Van der Waals’s constant. 

Van der Waals’s constant. 

Concentration ; molecular heat. 

Concentration; specific heat. 

Molecular heat at constant pressure, and at constant 
volume. 

Specific heat at constant pressure, and at constant volume. 
Alternative symbol for density. 

Diameter; total differential; density. 

Critical density. 

Reduced density. 

Electromotive force ; electrode potential. 

Base of Napierian logarithms; charge on an electron. 
Electrode potential referred to the normal hydrogen or the 
normal calomel electrode, respectively, the potential 
of which is taken as zero. 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. 

Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion). 

Acceleration due to gravity. 

Height. 

Current. 

Van ’t Hoffs coefficient, 

Meohanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and 
partial pressures respectively are employed. 

Velocity coefficient of reaction. 

Latent heat per mole. 

Length ; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

Molecular magnetic rotatory power. 

Mass. 

Avogadro’s constant (Losohmidt’s number) or number of 
molecules in 1 gram -molecule. 

Refractive index. 


n 
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LIST OF PHYSICO-CHEMICAL SYMBOL. 


List of Symbols , Arranged Alphabetically — (continued). 

Symbol. Name of quantity. 

n t , n« Transport number of cation and of anion. 
n t Refractive index (alternative symbol). * 

P Pressure. 

p Pressure. 

Pc 9 Pf Critical pressure : reduced pressure. 

Q Quantity of beat ; quantity of electricity. 

It Gas constant per mole ; electrical resistance. 

Ri Molecular refractive power, according to Gladstone and 
Dale, and to Lorentz and Lorenz respectively, 
r Radius. 

r c , r L Specific refractive power according to Gladstone and Dale, 

and to Lorentz and Lorenz respectively. 

S Entropy. 

T Absolute temperature. 

T t Critical temperature (on the absolute scale). 

* T, Reduced temperature (absolute). 

T*, Critical solution temperature (absolute). 

t Time; temperature (centigrade). 

to Critical temperature (centigrade). 

*u Critical solution temperature (centigrade). 

tf Reduced temperature (centigrade). 

U 0 Velocity of kation and of anion in cm. /sec. when the poten- 
tial gradient is 1 volt per cm. 

V Volume. 

■ « ■ Volume. 

<V Critical volume s reduced volume. 

W Electrical resistance (alternative symbol). 

x Mole fraction. 

a Degree of dissociation (electrolytic, thermal, etc.); angle 

of optical rotation. 

[«] Specific rotatory power. 

7 Surface tension; ratio of specific heats. 

A Diffusion coefficient. 

5 Variation. 

b Partial differential. 

< Electrode potential (alternative symbol); dielectric con- 

stant. 

f h , c Electrode potential referred to the normal hydrogen or the 

normal calomel electrode respectively, the potential of 
which is taken as zero (alternative symbols). 

0 *a* 0 f Normal potential, that is, the electrode potential referred to 

the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration (alternative symbols). 
v Viscosity. 

6 Temperature (centigrade), (alternative symbol). 

k Specific conductance (conductivity); magnetic suscepti 

bility. 

A Equivalent conductivity. 

A l0 , A*, Aqq Equivalent conductivity at different dilutions (volumes in 
litres containing 1 gram -equivalent). 

A*,A« Equivalent conductivity of cation and of anion. 

a Wave-length of light. 

fi Molecular conductivity ; magnetic permeability. 

* Ratio of circumference to diameter. 

2 Summation. 

« V Surface tendon (alternative symbol). 

$ - Fluidity. 

Spedfic magnetic rotation. 
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I . — Stereoisomerism of Disulphoxides and Related 
Substances . Part V. The Dioxides of 3:5- 

Dimethylthiolb enzoic A cid . 

By Ernest Vere Bell and George Macdonald Bennett. 

In Part III (J., 1928, 8189) a number of pairs of diastereoisomeric 
disulphoxides of the type A*SO-B-SOA were described. Of the 
two isomerides in such cases, one should be an internally com- 
pensated substance, the other externally compensated and potenti- 
ally optically active. Confirmation of this view was not possible in 
the examples referred to, owing to the absence of any group in the 
molecule which would allow of a resolution into the optically active 
antipodes. The isolation of a suitable pair of disulphoxides is now 
described, one of which is shown to be separable into enantio- 
morphous forms. 

The substance first studied proved to be unsuitable, for although 
a-diphenylthiolethane-mm' -dicarboxylic acid , C 2 H 4 (S*C 6 H 4 *C0 2 H) 2> 
when oxidised -in the form of its dimethyl ester, yielded a pair of 
dioxides , of m. p. 195° and 126 — 129° respectively, the hydrolysis of 
the ester dioxides was accompanied by a disruption of the molecule 
so that the isomeric free acids were not isolated. This reaction, 
which has not yet been investigated in detail, is reminiscent of the 
scission of 1 : 4-disulphones by alkalis (Stufier, j Ber., 1890, 23, 1408, 
3226). 

Attention was then directed to 3 : 5-dimethylthiolbenzoic acid, 
which was synthesised as follows. 

Carboxybenzene-3 : 5-disulphonyl chloride, the method of prepar- 
ation of which was improved, was reduced in the usual manner, and 
the resulting 3 : 5-dithiolbenzoic acid isolated in the form of its 
disulphide, 3 : 5-disulphidobenzoic acid. Methylation of the regener- 
ated dithiol yielded the required dimethylthiolbenzoic acid. The 
product of oxidation of this acid by hydrogen peroxide was separ- 
ated by fractional crystallisation into the a -dioxide, m. p. 261° 
(decomp.), and the ^-dioxide, m. p. 209° (decomp.), which were 
present in approximately equal proportion. 

B 
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Considerable difficulty was found in effecting a resolution of either 
of these isomerides into optically active forms, perhaps on account 
of the weakness of the acid caused by the presence in the molecule 
of two sulphoxyl groups of definitely basic properties. The salts of 
these acids with strychnine, cinchonine, quinine, Z-menthylamine 
and the active phenylethylamines could not be obtained crystalline, 
but those with brucine were suitable for study. The brucine salt of 
the a-dioxide was recrystallised unchanged, whereas that of the 
P-isomeride showed a continuous increase of rotatory power when it 
was fractionally crystallised from chloroform. Owing to lack of 
material, the process had to be interrupted after seven crystallis- 
ations when it was still evidently incomplete. The acid recovered 
from the salt of highest rotation was 1-3 : 6-dimethylthiolbenzoic 
acid dioxide of m. p. 200 — 202° (decomp.) and had [a]i» —99*6° for a 
1*89% aqueous solution. 

Prom the mother-liquors of the separation an acid was recovered 
having a positive rotation [a] D +9*1° in 2% aqueous solution. 
When this was fractionally crystallised, the mother-liquors furnished 
a dextrorotatory acid having [a] D +22*7° in 2-64% aqueous solution. 
The purification could not be carried further with the amount of 
acid available. 

Although the optically active acids were thus not isolated in a 
state of optical purity, the results afford confirmation of the stereo- 
chemical relationship of the pairs of disulphoxides under discussion : 
the a-dioxide of dimethylthiolbenzoic acid has the maso-configur- 
ation, the p-dioxide being potentially active. 

Experimental. 

s-DiphenylihioleiJiane-mm'-dicarboxylic Acid, — m-Dithiobenzoic 
acid (92 g.) was reduced by heating with glucose (92 g.) and sodium 
hydroxide (48 g. in 100 c.c. of water) in alcohol (300 c.c.) under 
reflux and addition of a further equal amount of alkali during | 
hour, followed "by ethylene dibromide (65 g.). The solution was 
cooled and acidified, and the diphenylihiolethane-mm'-dicarboxylic 
acid collected, washed, and dried (yield, 86 g.). It separated from 
boiling acetic acid as a white micro-crystalline powder, m. p. 265° 
(decomp.), insoluble in most solvents (Pound : C, 57-1; H, 445. 
C 16 Hi 4 0 4 S a requires C, 57*5 ; H, 4*2 %) . 

Oxidation of the sodium salt with hydrogen peroxide in aqueous 
solution yielded a product so sparingly soluble that a pure substance 
could not be isolated. 

The acid (48 g.), dissolved in alkali (17*2 g. of potassium hydroxide 
in 30 c.c. of water), was added to methyl sulphate (37*6 g.) on the 
steam-bath. The dimethyl ester obtained, after crystallising thrice 
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from methyl alcohol, formed prisms, m. p. 73°, soluble in all the 
ordinary solvents (Found : C, 59*7 ; H, 5*0. C 18 H 18 0 4 S 2 requires 
0, 59*7; H, 5*0%). 

Isomeric Dioxides of Dimethyl Diphenylthiolethanedicarboxylate . — 
The ester (25 g.) in glacial acetic acid (500 c.c.) was oxidised with 
hydrogen peroxide (18*4 g. of 25*9% H 2 0 2 ). After 48 hours the 
solution was evaporated, and the residue fractionally crystallised 
from 50% acetic acid. The less soluble a-dioxide was readily 
obtained pure (yield, 10 g.) and the m. p., 195° (decomp.), was 
unchanged by further crystallisation (Found: C, 54*2; H, 4*9. 
Ci S Hi 8 0 6 S 2 requires C, 54*8; H, 4*6%). 

This substance, reduced with zinc dust and hydrochloric acid in 
acetic acid, yielded the parent disulphide, m. p. 73°, as proved by 
direct comparison and the m. p. of a mixture. 

From the mother-liquors of the above crystallisation a much 
more soluble (3-dioxide was isolated; after being recrystallised 
several times from methyl alcohol, it melted at 126 — 129° (decomp.). 
Like the a-isomeride it yielded the parent disulphide by reduction ; 
there can be little doubt that it is a disulphoxide, but by an oversight 
the specimen was hydrolysed without having been analysed. 

Hydrolysis of these dioxides by alcoholic potassium hydroxide 
caused some profound disruption of the molecule, the crude acid 
obtained having an equivalent of 113 (in place of the expected 185). 

Disul'phonation of Benzoic Acid. — By the following modification 
of Barth and Senhofer’s method ( Annalen , 1871, 159, 217) the use 
of a sealed tube was avoided and the product isolated as sulphonyl 
chloride. Benzoic acid (120 g.) was heated in an open flask with 
fuming sulphuric acid (240 c.c. of 40% S0 3 ) and phosphoric oxide 
(180 g.) at 200° for 1 hour and at 250° for 2 hours. The mixture was 
cooled, chlorosulphonic acid (600 c.c.) added, and the temperature 
raised to and kept at 150 — 180° for 1 hour so that the chloro- 
sulphonic acid boiled without escaping. The liquid when cool was 
run slowly into ice-water, and the crude disulphonyl chloride 
filtered off, washed, and dried (average yield in four preparations, 

102 g.). 

The carboxybenzene-3 : 5-disulphonyl chloride crystallised from 
benzene in stout needles, m. p. 193° (Found : Cl, 22*0. Calc. : 01, 
22*3%). Hopegartner ( Monatsh ., 1893, 14, 690) gives m. p. 183°. 

Preparation of 3 : 5-Dimethylthiolbenzoic Acid, — Carboxybenzene- 
disulphonyl chloride (120 g.), dissolved in glacial acetic acid (1800 
c.c.) in a 10-litre flask, was reduced by the addition of concentrated 
hydrochloric acid (280 c.c.) and then, in small portions and with 
vigorous mechanical stirring, zinc dust (72 g.). When all had 
dissolved, like amounts of a,cid and zinc dust were added in a 
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similar maimer. The mixture was allowed to become hot during 
the process (2 — 3 hours). The solution was warmed on the steam- 
bath, and ferric chloride (240 g.) added. Precipitation of the 
disulphide was hastened by dilution with water and the product was 
collected, washed, and dried at 100° (average yield, 66 g.). 3 : 5-Z)i- 
sulphidobenzoic acid was thus obtained as a white powder, m. p. 
195 — 200° (deeomp.), so sparingly soluble in all available solvents 
that it could not be crystallised. It has no doubt a much higher 
molecular weight than that indicated by the formula (Pound : S, 
33-7. C 7 H 4 0 2 S 2 requires S, 34*8%). 

Reduction of this disulphidobenzoic acid (46 g.) was effected by 
heating with glucose (53 g.) and alcohol (250 c.c.) during the gradual 
addition of sodium hydroxide (50 g. in 100 c.c. of water). The 
mixture was then cooled, and methyl sulphate (63 g.) carefully added. 
After several hours the alcohol was removed in steam and the product 
precipitated by acidification was collected, washed, and dried at 
100° (yield, 38 g.). 3 : ^-Dimethylthiolbenzoic acid crystallises from 
ethyl acetate in square or hexagonal-shaped plates, m. p. 153° 
(Found : S, 29*9; equiv., by titration, 214. C 9 H 10 O 2 S 2 requires S, 
29*9%; equiv., 214). The sodium salt is very readily soluble in 
water, but crystallises well from ethyl acetate in clusters of radiating 
needles, m. p. 283° (decomp.) (Found: Na, 9*5. C 9 H 9 0 2 S 2 Na 
requires Na, 9*7%). 

Oxidation of Dimethylthiolbenzoic Acid to a Pair of Dioxides . — 
Hydrogen peroxide (132 g. of 25% strength), diluted with acetic 
acid (350 c.c.), was gradually added to a solution of dimethylthiol- 
benzoic acid (104 g.) in acetic acid (2420 c.c.). After 12 hours, the 
solvent was removed in steam, and the solution evaporated and kept 
in a vacuum over sodium hydroxide. The crude mixture of dioxides 
(119 g.) was powdered and extracted with boiling 90% aqueous 
alcohol (480 c.c.). The residue (39 g.), a-3 : 5- dimethylthiolbenzoic 
acid dioxide , was recrystallised from 90% alcohol. The substance 
crystallises from hot water in long prisms, m. p. 251° (decomp.) 
(Found : S, 26*0; equiv., by titration, 245*6. C 9 H 10 O 4 S 2 requires 
S, 26*0%; equiv., 246*2). 

The alcoholic extract of the crude dioxides deposited crystals of 
P-3 : D-dimetkyltkiolbenzoic a>cid dioxide on cooling, which were 
purified by several crystallisations from ethyl alcohol (yield, 20 g.). 
The substance crystallises from water in tufts of fine needles, m. p. 
209° (decomp.), and is much more soluble in ethyl alcohol and water 
than the a-isomeride (Found: S, 25*9%; equiv., by titration, 
245*3). 

Examination of the a- and $ -Dioxides as to the Possibility of 
Resolution into Optically Active Components. — a-3 : 5-Dimethyl- 
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thiolbenzoic acid dioxide was dissolved with brucine (1 mol.) in hot 
chloroform, and the brucine salt obtained in large plates containing 
chloroform of crystallisation. The solvent was removed at 100° 
in a vacuum ; the residual powder had m. p. 170 — 175° (decomp.) 
(Found: N, 4*5. C 32 H 36 0 8 N 2 S 2 requires N, 4*4%). The salt, 
which was very soluble in chloroform, was recrystallised twice from 
this solvent. 

A solution of the ammonium salt of this acid, recovered from the 
brucine salt by the action of aqueous ammonia and repeatedly 
extracted with chloroform to remove all the alkaloid, was found to 
be optically inactive. 

The brucine salt of p-3 : 5-dimethylthiolbenzoic acid dioxide was 
prepared in chloroform solution, from which it crystallised in large 
plates conta inin g solvent of crystallisation. The solvent was lost 
gradually in air and completely at 100° in a vacuum. The dried salt 
had m. p. 130° (Found : N, 4-7%) and was readily soluble in chloro- 
form, but sparingly soluble in other solvents. The optical rotatory 
power in chloroform was [<x] D —28*4° (c = 10*3, l = 0*5) and 
became, after successive crystallisations from this solvent (c = 10), 
—28*4°, — 36*5°, -41*5°, -46-4°, -48*7°, -50*0°, -52*0°, 
— 59*7°. At this point the salt had m. p. 184° and was not optically 
pure, but the quantity of material was not sufficient for further 
fractionation. The salt (3*5 g.) was decomposed by aqueous 
ammonia and freed from brucine by repeated extraction of the 
solution with chloroform. The ammonium salt was converted into 
the barium salt by means of an excess of barium hydroxide, the 
ammonia driven off, and carbon dioxide passed in to remove the 
excess of baryta. The solution was filtered, and the exact equivalent 
of sulphuric acid (determined on a portion) added. After the barium 
sulphate had been removed, the solution was evaporated to dryness 
on the water-bath. The 1-3 : 5-dimethylthiolbenzoic acid dioxide 
thus obtained (1*4 g.) crystallised from 50% alcohol in minute 
needles with a straight extinction, m, p. 200 — 202° (decomp.). It 
was readily soluble in water or alcohol. Its rotatory power in water 
was [a] D — 99*65° (c = 1-887, l = 2, a = ~ 3*76°) (Found: S, 
26*0. C 9 H la 0 4 S 2 requires S, 25-9%). 

From the chloroform mother-liquors a brucine salt was recovered 
which had m. p. 140° (decomp.) and a rotatory power of [a] p 
+ 0*59° in chloroform (c = 10, l = 0*5). 

The salt was freed from brucine and, by the method described 
above, an optically impure acid (9 g.) was recovered which had 
[a] D + 9*09° in water (c = 1*980, l = 2). When this was recrystal- 
lised from ethyl alcohol, the more active portions were found in the 
mother-liquor, and by fractional crystallisation an optically impure 
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d-3 : 5-dimethylthiolbenzoic acid dioxide was obtained, m. p. ISO- 
SOS 0 (decomp.), having [a] D + 22*7° in water (c = 2*640, l = 0*5) 
(Found : S, 25*4%). 

The TJjuveesity, Sheffield. [Received, Noveinber 8 th, 1929.] 


II. — Pettitorine, the Pungent Principle of Anacyclus 

pyrethrum* 

By John Masson Gotland and Gerald Uern Horton. 

With one exception, the pungent acid amides of known constitu- 
tion which occur in nature are alike in containing an aromatic 
nucleus either in the basic or in the acidic radical. For example, 
piperine and chavieine (Ott and Eichler, Ber., 1922, 55, 2653; 
Ott and Liidemann, Ber., 1924, 57, 214) are piperides of piperic 
acid and its geometrical isomeride, chavicic acid, respectively, and 
capsaicin has been shown to be a decenovanillylamide by Nelson 
(J. Amer. Chem. Soc 1919, 41, 1115). This characteristic is 
shared, moreover, by the synthetical pungent amides, which are 
either derivatives of benzylamine (chiefly vanillylamine) (Nelson, 
ibid,, p. 2121; Ott and Zimmermann, Annalen, 1921, 425, 314; 
Jones and Pyman, J., 1925, 127, 2588) or piperides of arylated 
(chiefly phenylated) aliphatic acids (Scholtz, Ber,, 1895, 28, 1196; 
Staudinger and Schneider, Ber,, 1923, 56, 699; Staudinger and 
Muller, ibid,, p. 711). 

The sole exception to these statements is spilanthol, the pungent 
principle of para cress, Spilanthes acmella , Murr. (S. oleracea) (Asahina 
and Asano, J. Pharm. Soc . Japan , 1920, 503), whose dihydro- 
derivative is w-decoisobutylamide (ibid., 1922, 85). It is therefore 
a matter of considerable interest to record the isolation of a purely 
aliphatic, pungent acid amide, pellitorine, from Anacyclus pyrethrum, 
DC,, a plant native to North Africa and gathered chiefly in Algeria. 
The root of this plant is used medicinally under the names Pyrethri 
radix and pellitory root to stimulate the activity of the salivary 
glands, and an alcoholic extract was formerly prescribed for, the 
alleviation of bronchitis. The powdered root resembles snuff in 
appearance, and when chewed causes a persistent tingling sensation 
and partial insensibility of the tongue, accompanied by profuse 
salivation (Brit. Pharmacopoeia, 1914, p. 322; Squire’s “ Companion ” 
to the B.P., 1916, p. 1112). 

The pungent constituent of pellitory root was first examined by 
Buchheim (Arch, exp. Path. Pharm., 1876, 5, 455), who isolated a 
syrup which slowly solidified to a mass of waxy microscopic needles 
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of very low melting point. He named this material “ pyrethrin 55 
and classified it as an amide allied to pipeline. By hydrolysis he 
obtained an oily acid and a base, of which the sulphate was erron- 
eously stated to exhibit all the properties of piperidine sulphate. 
Later, Dunstan and Garnett (J., 1895, 67, 100) obtained a brown 
resin which partly crystallised on long standing. They called this 
product <c pellitorine ” * and stated, without advancing any real 
experimental support, that on hydrolysis it gave rise to what 
appeared to be a pyridine derivative possessing basic properties. 
In the following year, Schneegans (Pharm. Zeit ., 1896, 41, 668), 
having used a more laborious process of extraction, recorded the 
isolation of a somewhat purer specimen of the active principle, 
which formed colourless needles, m. p. 45°, but no attempt was 
made to ascertain the constitution of this material. 

During the earlier experiments of the present investigation of 
pellitorine, the method of extraction used by Schneegans was 
employed, but later it became evident that the simpler procedure 
of Dunstan and Garnett was equally efficacious when followed by 
the complex fractional distillation which has been found essential 
to free the crystalline principle from neutral oily by-products. 
Earlier workers have commented on the extreme difficulty of 
eliminating the latter substances. The syrup obtained by evapor- 
ating an alcoholic extract of the dried powdered root f was extracted 
thoroughly with ether, and the ethereal solution was freed from 
acidic impurities and evaporated. The residual syrup was distilled 
under highly reduced pressure (0-2— 0-5 mm.), and the distillate 
was subjected to a series of fractionations which are described in 
detail in the experimental section. Ultimately fractions were 
obtained which rapidly crystallised in the receiver, and crystallis- 
ation of these from light petroleum yielded colourless feathery 
needles of pure pellitorine, m. p. 72°. Considerable quantities 
remained in the mother-liquor, from which further amounts were 
obtained by distillation, crystallisation of the solid distillate, and 
repetition of the process. The yield of pellitorine obtained from 
13 kg. of root was 5 g., or 0*04%, but the actual content is probably 
of the order of 0*06%. Pellitorine is flavourless, but a milligram 
causes profuse salivation when placed on the tongue. ' The pungency 

* We propose to retain this name in preference to the earlier “ pyrethrin ” 
in order to avoid possible confusion with the constituents of Pyretkri florea 
( The Extra Pharmacopoeia,” 1928, 879), the dried flowers of pyrethrum 
species which are used in powdered form as insecticides (see Staudinger and 
Ruzicka, Helv. CM-m. Acta, 1924, 7, 177, and other recent papers). 

t The commercial alcoholic extract is very much less satisfactory for 
experimental purposes than the product freshly obtained in the laboratory. 
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value was 20 as compared with piperine (100), and was determined 
by diluting an alcoholic solution until the effect of placing one drop 
on a cover-glass on the tip of the tongue was just perceptible. 

Pellitorine is optically inactive, neutral in character, and un- 
saturated, since it rapidly decolorises permanganate solution. 
Elementary analyses and the determination of its molecular weight 
showed that the formula is C 14 H 25 0!Nr, and the presence of one 
oxygen atom and one nitrogen atom, and the physiological analogy 
with piperine, led to the assumption that pellitorine is an acid 
amide. This view was confirmed by hydrolysis, which took place 
extremely slowly in boiling alcoholic potash, but was effected more 
rapidly by heating with dilute hydrochloric acid in a sealed tube. 
In this way, a crystalline amine hydrochloride, an oily acid, and an 
oily neutral fraction were obtained. 

The neutral fraction contained nitrogen, but as all attempts to 
crystallise it were unsuccessful and the amount available was small, 
its further investigation was abandoned. 

The basic fraction was shown to be a primary amine by the 
nitrous acid reaction, and was identified as isobutylamine by 
comparison of the melting points of the hydrochloride, chloro- 
platinate, and -p-toluenesulphonyl derivative with those of authentic 
specimens, by analysis of the first- and last-named derivatives, 
and by the determination of the melting point of a mixture with 
authentic p-toluenesulphomsobutylamide. 

The acid fraction had the characteristic odour of the higher 
aliphatic acids, was sparingly soluble in water, to which it imparted 
an acid reaction, and was unsaturated, since it decolorised per- 
manganate solution. 'In an attempt to purify it by distillation, a 
small amount of a clear, pale brown oil was collected at 160 — 
200° /0*5 mm., but most of the acid carbonised. This distillate was 
acidic and unsaturated, but the molecular weight was 271 when 
determined by titration, a figure considerably higher than that of 
pellitorine itself. It seemed probable, therefore, that polymeris- 
ation or condensation had occurred during the distillation and that 
the examination of this material would be of little value in arriving 
at the constitution of pellitorine. 

Since the basic portion of the pellitorine molecule is isobutyl- 
amine, the acidic component must have the formula C 9 H 15 -C0 2 H, 
and thus lacks four atoms of hydrogen for saturation. Acetylenic 
linkages being unknown in nature, this deficiency may be accounted 
for by the presence either of two double bonds or of an alicyclic 
ring and one double bond, and the choice between these alternatives 
was made by estimating the amount of hydrogen absorbed during 
the catalytic reduction of pellitorine. A methyl-alcoholic solution, 
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when shaken with palladised charcoal in an atmosphere of hydro- 
gen, absorbed the volume corresponding to four atoms of hydrogen, 
and reduction then ceased completely. The tetrahydropellitorine 
thus prepared was therefore acyclic, and being a decoisobutyl- 
amide, it was subjected to direct comparison, and found to be 
identical, with a synthetical specimen of w-deco^sobutylamide . It 
follows that pellitorine is the isobutylamide of a n-nonadienecarb- 
oxylic acid, but the position of the double bonds must for the 
present remain indefinite. 

Three observations may be made as the result of this investig- 
ation. Firstly, spilanthol and pellitorine are very closely related, 
differing only in the presence of an extra double bond in the latter, 
and it is an interesting but not entirely unexpected fact that the 
plants which yield them are also related, both being members of 
the order Composite. Secondly, one double bond at least is neces- 
sary for the pungent character of this molecular structure, since 
?i-deco^obutylamide is not pungent whereas the two unsaturated 
compounds are both pungent. w-Decoisobutylamide causes no 
reaction when placed on the tongue, but, after swallowing, a local- 
ised tingling sensation lasting for several minutes is felt on the 
pillars of the fauces. Thirdly, the suggested identity of pellitorine 
and piperovatine, the pungent principle of Piper ovatum (Dunstan 
and Garnett, J., 1895, 67, 94), is erroneous, since the latter substance 
has the formula C 16 H 21 0 2 lSr and melts at 123°. 

Experimental. 

Isolation of Pellitorine . — Powdered pellitory root (13 kg., in 
batches of 1*5 kg.) was extracted three times with boiling 95% 
alcohol, and the combined extracts were evaporated to a thin gum, 
mixed with clean sand, and extracted repeatedly with boiling 
ether. During this process the mass was stirred as efficiently as 
possible, but with each extraction the residue became harder, until 
finally further working became impossible. The ethereal solution, 
which contained almost all the pellitorine, was shaken twice with 
dilute sodium carbonate solution, washed with water, dried with 
sodium sulphate, and evaporated to small volume. The residue, 
after being transferred to a Claisen flask and freed from ether 
under diminished pressure, was distilled at the lowest possible 
pressure attained by a Hyvac pump. During this operation 
frothing was extremely troublesome. A pale yellow oil was col- 
lected at 150 — 275°/0*3 mm. ; extensive decomposition then set in, 
and a hard varnish remained in the flask and was discarded. The 
distillate was submitted to two fractionations at 0*3 mm. pressure 
with the following results : 
b 2 
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(X) ^ 150® 


(2) < Jgff 

Mobile red 
liquid. 



150 - 170 ° 

^4 ^ 


190 - 225 ° 


225 - 275 ° 




150 - 170 ° 
Hard yellow 
solid (A). 



170 - 190 ° 

Yellow solid Thick red oil and Dark viscid 
and oil (B). some crystals (C). oil. 


- indicates about 60 % of the fraction being distilled. 



Fraction C was again distilled : 17% was collected at 170— 190°/0*3 
mm. and solidified (D) ; the higher fractions were dark-coloured 
oils. The solid fractions A, B, and D were combined and crystallised 
repeatedly from light petroleum (b. p. below 40°) by keeping the 
clear solutions in a refrigerator for some days and washing the 
deposited crystals with ice-cold solvent. Pellitorine forms colour- 
less needles, m. p. 72° (corn), b. p. 162 — 165°/0*3 mm., which dis- 
solve very easily in organic solvents but are sparingly soluble in 
water [Found in material dried at 80°: C, 75*2, 75*0; H, 11*4, 
11*3; N, 6*2; M in camphor (Bast), 224. C 14 H 25 ON requires 
0, 75-3; H, 11*2; N, 6*3%; M , 223]. It is insoluble in dilute 
hydrochloric acid and sodium hydroxide solutions, but forms a very 
faintly yellow solution in concentrated sulphuric acid. Decomposi- 
tion takes place when a specimen is exposed to the air for some time. 

Hydrolysis of Pellitorine . — Isolation of iso butylamine. Pellitorine 
(1 g.) and 2iV-hydrochIoric acid (20 c.c.) were heated in a sealed 
tube at 150° for 48 hours. There was no increase in pressure in 
the cooled tube. The products of four experiments were combined 
and extracted thoroughly with ether (E, see below), and the clear 
almost colourless acid solution was evaporated to dryness first on 
the water-bath and then in a desiccator. The residual crystalline 
tsobutylamine hydrochloride (1*8 g.) formed colourless needles, 
m. p, 174° (Walden, Ulich, and Laun, Z. physikal. Chem., 1925, 
114, 290, give m. p. 175*5°), when precipitated from absolute 
alcoholic solution by means of ether (Found : C, 43*7 ; H, 11*0. Calc, 
for C 4 H 13 N,HCI : C, 43*8 ; H, 11 *0%). The ehloroplatinate formed 
irregtdar plates, decomp. 217°, when prepared in alcoholic solution. 

p - Toluenes ulphoni&obutylamide, isoButylamine hydrochloride 
(0*24 g.) obtained from pellitorine, recrystallised ^-toluenesulphonyl 
chloride (1*3 g. ; 3 mols.), ether (25 c.c.), and 2 A- sodium hydroxide 
solution (25 c.c.) were shaken mechanically for 12 hours; the smell 
of the acid chloride could not then be detected. The ethereal layer 
was separated, washed with water, dried, and freed from solvent. 
The residual ip4oliten££ulphonisobiitylamide crystallised when cold 
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and separated from light petroleum (b. p. 60 — 80°) in colourless 
rhombs, m. p. 75 — 76° (Found: C, 58-2; H, 7*6. C 11 H 17 0 2 NS 
requires C, 58*2; H, 7*5%). A specimen prepared in a similar 
manner from authentic isobutylamine formed colourless rhombs, 
m. p. 75 — 76° alone or when mixed with the material prepared from 
pellitorine. 

Examination of the ethereal extract E (see above). The ethereal 
solution was shaken repeatedly with sodium carbonate solution to 
remove the acidic contents, and was then washed with water, dried, 
and evaporated. The neutral oily residue (1*6 g.) distilled at 
150 — 190°/0*5 mm. ; the clear distillate, which had an odour not 
unlike that of peaches, contained nitrogen and did not crystallise 
when kept in a refrigerator for some days. It was not examined 
further. 

The acidic fraction (1*8 g.), which was liberated as a dark oil 
from the carbonate solution, was perceptibly purified neither by 
treatment with charcoal nor by repeated precipitation from alkaline 
solution, and an attempt was made to distil it. Much carbon- 
isation took place, and the distillate (0*5 g. ; b. p. 160 — 200°/0*5 
mm.; mol. wt. 271) failed to crystallise. The acid chloride, pre- 
pared by means of phosphorus pentachloride in chloroform solution, 
yielded an oily anilide and an amide ; the latter crystallised from 
very dilute methyl alcohol in colourless plates, m. p. 35°, w r hich 
dissolved very readily in organic solvents. 

Tetrahydropellitorine (n-Decoisobutylamide) . — A solution of pelli- 
torine (0*342 g.) in methyl alcohol (25 c.c.) was run into a suspension 
of palladised charcoal (from palladous chloride, 0*2 g., and char- 
coal, T5 g.) in methyl alcohol (25 c.c.) which was stirred mechanically 
in an atmosphere of hydrogen : the absorption of hydrogen (69*6 c.c., 
corrected to N.T.P.) ceased completely after 3 minutes. The volume 
of hydrogen required for the addition of 4 atoms of hydrogen to 
Ci 4 H 25 ON is 68*2 c.c. The solution was filtered from charcoal, the 
methyl alcohol distilled, and the residual oil dissolved in ether and 
dried. Removal of the solvent yielded tetrahydropellitorine as a 
colourless oil which rapidly crystallised in flat needles, in, p. 35° 
(corr.), very soluble in organic solvents (Found : C, 74*1 ; H, 12*7. 
Calc, for C 14 H 29 ON : C, 74*0; H, 12*8%^ This material melted 
at 36° when mixed with synthetic ft-decowbutylamide, m. p. 36°; 
the necessary decoic acid, m. p, 31°, was obtained by the hydrolysis 
of a carefully fractionated sample of commercial ethyl decoate, and 
the amide was obtained by the action of ^sobutylamine on the acid 
chloride in benzene solution. 

The Dyson Perrins Laboratory, 

* Oxford. [Received, November 9tk , 1929.] 
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III. — 1 : 3 -Dithiolan. 

By David T. Gibson. 

The isolation of 1 : 3-dithiolan, 9;E 2 ^>CH 2 , and of 1 : 3-dithian, 

although inferred (Baumann and Walter, Ber., 1893, 26 , 1129 ; 
Autenrieth and Wolff, Ber., 1899, 32 , 1375), has not been described. 
The preparation of ethylene dimercaptan (Meyer, Ber., 1886, 19 , 
3263 ; Fasbender, Ber., 1887, 20 , 461 ; Frasetti, Ber., 1905, 38 , 491) 
may be more conveniently effected by an extension of Purgotti’s 
method (Ga&zetta, 1892, 22 , 416) . The condensation of formaldehyde 
and ethylene dimercaptan actually yields two products, dithiolan 
and a voluminous solid polymeride. Dithiolan could not be obtained 
by the reduction of ethylene trithiocarbonate (compare Hurtley and 
Smiles, J., 1926, 1821), but it is directly obtained by distilling a 
mixture of formaldehyde, sodium ethylene thiosulphate, and 
hydrochloric acid. 

Dithiolan is converted by hydrogen peroxide into a liquid monoxide , 
the green solution of which in sulphuric acid immediately becomes 
deep red on addition of a drop of anisole. With platinic chloride the 
monoxide gives an orange-red compound, (C 3 H 5 S 2 ) 2 PtCl3,H 2 0 
(compare Tschugaev and Benewolenski, Z. anorg. Chem., 1913, 82 , 
420). In presence of hydrochloric acid, one molecule of the monoxide 
undergoes oxidation at the expense of another, one-half of the 
material being recovered as dithiolan, and the remainder precipit- 
ated as an insoluble amorphous dioxide (compare the first oxidation 
product of tetramethoxythianthren ; Fries, Koch, and Stunken- 
brock, Annalen, 1929, 468 , 166). 

1 : 3-Dithian was obtained by treating trimethylene dibromide 
with sodium thiosulphate, formaldehyde, and hydrochloric acid. 

Experimental. 

Ethylene Dimercaptan. — Ethylene dibromide (200 c.c.), water 
(20 c.c.), sodium thiosulphate (100 g.), and alcohol (100 c.c.) were 
mechanically shaken for 6 hours at 50 — 60°. The stiff pasty product 
was collected, boiled with excess of hydrochloric acid, and distilled 
in steam, yielding 9 g. of the mercaptan, b. p. 144°. If the hydrolysis 
is conducted with alkali, no mercaptan is formed. 

Condensation of Ethylene Dimercaptan with Formaldehyde . — The 
mercaptan was slowly added to formalin solution, containing a trace 
of hydrochloric acid, below 25°. The clear solution, when gently 
warmed, suddenly became turbid with separation of 1 : 3-dithiolan 
and its polymeride. The former was distilled in steam and purified 
as described below. The polymeride, m. p. 105 — 110°, after, being 
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washed with ether, was practically insoluble in any organic solvent ; 
it dissolved with effervescence in nitric acid, giving a red solution 
[Found : C, 34*1 ; H, 6-1. (C 3 H 6 S 2 ) W requires C, 34-0 ; H, 5*7%]. 

1 : 3 -Dithiolan was more conveniently obtained by treating 
sodium ethylene thiosulphate, prepared as described above, with a 
mixture of hydrochloric acid and twice the calculated amount of 
formalin. Steam distillation furnished a 50 — 60% yield of the 
dithiolan, which was purified by refluxing it for several hours with 
aqueous alkali ; it then boiled at 175°/760 mm. and 61°/11 mm. and 
had d ir 1-259, n l g 1-5975, whence [j2jJ D = 29-7 (calc., 29-8) (compare 
Le Bas, Trans. Faraday Soc., 1920, 15 , 231) (Found : C, 34-2; H, 
5*8; M , 111. C 3 H 6 S 2 requires C, 34-0; H, 5*7%; Jf, 106). It 
yielded a mercurichloride, m. p. 119°, on treatment with mercuric 
chloride, and gave Baumann and Walter’s disulphone ( loc . cit .), 
m. p. 224°, in 80% yield on oxidation with perhydrol in glacial 
acetic acid at 50°. 

1 : 3 -Dithiolan Monoxide. — Perhydrol (9 c.c.) in 20 c.c. of glacial 
acetic acid was added very slowly to specially purified 1 : 3-di- 
thiolan (10 c.c.) in 20 c.c. of glacial acetic acid. After several days, 
the solvent was removed below 40°, first at 11 mm. and finally at 
1 mm. (neglect to remove every trace of solvent at as low a tem- 
perature as possible causes complete decomposition in the sub- 
sequent distillation) and the residue was distilled over a trace of 
magnesium carbonate, giving 8 g. of an oil, b. p. 115 — 120°/1 mm. 
(Found: C, 30*1; H, 5-3; M, 118. C 3 H 6 OS 2 requires C, 29*5; H, 
5*0%; M 3 122). 

The monoxide is miscible with water, and is decomposed by warm 
hydrochloric acid into dithiolan (identified by its mercurichloride, 
m. p. 119°) and a dioxide; m. p. 134° (Found : C, 26-3, 26-4; H, 
4*7, 4*3. C 3 H 6 0 2 S 2 requires C, 26-0; H, 4-4%). It is insoluble in 
all the usual solvents, including aqueous alkali. 

With platinic chloride, an aqueous solution of dithiolan monoxide 
yields a flocculent precipitate, which may be recrystallised from hot 
water; m. p. 146—150° (decomp.) [Found: C, 14*0; H, 2*7; Cl, 
20*3; Pt, 36*7. (C 3 H 5 S 2 ) 2 PtCl 3 ,H 2 0 requires C, 13-6; H, 2*3; 
Q, 20*1; Pt, 36*8%]. 

With methyl iodide, dithiolan monoxide yields a methiodide, 
m. p. 96° (Found : I, 47*7. C 4 H 9 OIS 2 requires I,. 48-1%). 

1 : 3 -Dithian. — Trimethylene dibromide (30 c.c.), sodium thio- 
sulphate (120 g.), and alcohol (100 c.c.) were shaken at 60° for 2 days. 
The solid which separated was distilled in steam with formalin and 
hydrochloric acid, and the distillate extracted with ether. The 
dithian crystallised readily and melted at 54° (Found : C, 40*1, 
40*0; H, 7*1, 6-6. C 4 H 8 S 2 requires C, 40-0; H, 6*7%). On oxid- 
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ation with perhydrol in glacial acetic acid, it gave Autenrieth and 
Wolf’s disulphone ( loc . tit.), m. p. 330°, in almost quantitative yield. 

The author is indebted to the Carnegie Trustees for a Teaching 
Fellowship and to Imperial Chemical Industries for a grant towards 
the cost of materials. 

UmvERSiTY of Glasgow. [Received, April 2§th, 1929.] 


IV . — The Influence of Substituents on the Benzoin 

Reaction . 

By Herbert Henry Hodgson and Wolf Rosenberg. 

The present investigation in conjunction with the results of 
Ekecrantz and Ahlqvist (Arkiv Kemi Min . GeoL, 1908, 3, No. 13) 
shows that substituents inhibit the benzoin reaction in varying 
degrees according to their electronic character. On Lap worth’s 
theory (J., 1903, 84, 1004) that the possibility of the benzoin 
condensation depends on the mobility of the hydrogen atom * in the 
initially formed mandelonitrile (I), (a) a meta-directing group (R) will 
activate this hydrogen * (H) but deactivate the carbonyl group of 
the second molecule of the reacting benzaldehyde (IH), and (b) when 
R is up-directing, H* (IV) is deactivated but CO (V) is activated. In 
case (a) the benzoin condensation of (n) and (III) would appear to 
depend on the relative activation and deactivation : e.g., when R is 
N0 2 (strong), it over-activates H* but renders the CO (III) much less 
capable of forming the initial cyanohydrin, hence excessive pro- 
duction of nitrobenzoic acid occurs (compare Lapworth and Manske, 
J., 1928, 2533); when R is Cl (weak), only 5% of o-chlorobenzoic 
acid can be isolated, and benzoin formation ensues. In case (b), 
although cyanohydrin formation may readily occur, the subsequent 
benzoin condensation of (IV) and (V) may be inhibited because of 
the deactivated hydrogen * : e.g., (1) attempts to produce a benzoin 

from any monohydroxybenzaldehyde have all failed owing to the 

© 

presence of anionoid oxygen (R = O), and (2) although the alkyloxy- 
benzaldehydes all give benzoins, the introduction of a second group 
as in p-benzyloxy-m-methoxybenzaldehyde brings about the 
necessary deactivation and no benzoin is formed. 

On the above theory, 2-chloro-3-methoxybenzaldehyde produces 
a benzoin more readily than does 3-methoxybenzaldehyde owing to 
a reduction by chlorine of the hydrogen deactivation produced by 
the metboxyl group (VI). 3-Chloro-2-hydroxybenzaldehyde (80%) 
and 3-chloro-4-hydroxy benzaldehyde (25%), however, appear to 



INFLUENCE OF SUBSTITUENTS ON THE BENZOIN REACTION. 15 


react only as far as the cyanohydrin stage, and Ekecrantz and 
Ahlqvist ( loc . cit.) found that p-hydroxybenzaldehyde and vanillin 
were unreactive towards alcoholic potassium cyanide, the complete 
internal satisfaction of the electronic demands of the carbonyl group 
thus being exhibited. 

H* 

+. 


Ph 

HOC-H* 


(!•) 





H* 

4 

>-C-> OH 


\ 


\/ 


CN 

(IV.) 


Er>- 


CN 

(II.) 

H 

4 rx 

y^y-c- — ” o 



H* 

4 vr- 

C— 0 


./ 


\ 


\/ 


(V.) 


(III.) 


H* 

4 r\ 
— 0 

WCi 

— OMe 
\/ (VI.) 


The possibility of the benzoin reaction taking place might also be 
considered from the standpoint of the influence of groups on the 
stabilities of the respective hypothetical intermediate benzoin 
cyanohydrins (VII and VIII) (Lapworth, loc. cit.) : 
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(a) When R is meta-directing (VII), the H* tends to be ionised, 
formation of hydrogen cyanide thereby being promoted, so that, 
when R is sufficiently strong (e.g., £T0 2 ), the initial formation of 
mandelonitrile is prevented and no benzoin reaction can occur, 
(b) When R is <yp-directing (VIII), the hydrogens * are deactivated 
and CN is activated. Subsequent reaction can and, so far as the end- 
products are evidence, does occur in two ways : (1) the. formation 
of a benzoin, and (2) the intermediate formation of the isomeride 
(IX) of this benzoin, which is hydrolysed, giving a benzyl alcohol 
and an unstable phenylorthoformic acid (X), the latter changing to 
a stable benzoic acid (XI) ; e.g., from o- and p-anisaldehydes, con- 
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siderable quantities of o- and -anisic acids are produced together 
with the o- and p-anisoins. 



Experimental. 

2 : 2' -Dichlorobenzoin . — Solutions of o-chlorobenzaldehyde (5 g.) 
in alcohol (10 c.c.) and of potassium cyanide (1 g.) in water (4 c.c.) 
were heated together under reflux on the water-bath for 1 hour and 
poured into aqueous sodium bicarbonate, which dissolved the 
o-chlorobenzoic acid formed (5%) ; after 1 hour, the whole was 
extracted with ether, and the extract shaken with aqueous sodium 
bisulphite to remove unchanged o-chlorobenzaldehyde. (Benzoins 
and benzils do not easily form hydrazones or sodium bisulphite 
addition compounds, a fact which has been utilised for the removal 
of unchanged initial material in the various reactions studied.) The 
2 : 2’-dichlorobenzoin (40% yield) was obtained by removal of the 
ether and extraction of the residue with acetic acid or alcohol, from 
which it separated in white prisms, m. p. 56 — 57° (Found : Cl, 25*0. 
Ci 4 H 10 0 2 Cl2 requires Cl, 25*2%). The final resinous residue 
(40%) contained nitrogen, presumably as cyanohydrin, but no 
alcohol corresponding to o-chlorobenzoic acid was isolated (compare 
Ekecrantz and Ahlqvist, loc. cit.). The acid may have been formed 
partly by air oxidation, since the amount increased when the 
reaction mixture was kept for several days. 

An alcoholic solution of 2 : 2'-dichlorobenzoin when treated with 
aqueous-alcoholic sodium hydroxide gives a brownish-red colour, 
deeper than that given by unsubstituted benzoin, which deepens on 
boiling but disappears on shaking (compare Hantzsch and Glover, 
Ber,, 1907, 40, 1520), returns on keeping but disappears again on 
shaking, and so on. 

2 : 2 r -DicMorobenzil was prepared by the usual nitric acid method, 
but better results were obtained when 2 : 2 / -dichlorobenzoin (1 g.), 
dissolved in glacial acetic acid (10 c.c.), was heated with a slight 
excess of chromium trioxide on the water-bath for 1 hour. After 
dilution with water and extraction with ether, the benzil crystallised 
from benzene in pale yellowish-green prisms, m. p. 128° (Found : 
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Cl, 25-2. C 14 H 8 0 2 Cl2 requires Cl, 25-4%), which were sparingly 
soluble in boiling alcohol, ether, and glacial acetic acid. 

3 : S' -Dimethoxybenzoin (m-Anisoiri). — Powdered potassium 
cyanide (1 g.) was added to a boiling solution of m-methoxybenz- 
aldehyde (10 g.) in 50% aqueous alcohol (30 g.). After boiling for 
2 hours, the mixture was kept over-night in a freezing mixture, and 
the oily yellowish-brown solid obtained was removed, freed from 
oil, and washed with ether ; the residue crystallised from alcohol in 
micro-prisms (2 g.), m. p. 41 — 42° (Found: C, 70-8; H, 5-7, 
C 16 H 16 0 4 requires C, 70-6; H, 5*9%). 

2 : 2' -Dichloro-S : S' -dimethoxybenzoin, readily obtained by the 
ordinary method, crystallised from alcohol in prisms, m. p. 133 — 
134° (Found : Cl, 20-6. C 16 H 14 0 4 C1 2 requires Cl, 20-8%)* The 

p-nitrophenylhydrazone crystallised from glacial acetic acid in yellow 
needles, m. p. 129° (Found : 1ST, 9-0 ; Cl, 14-8. 0 22 H 19 0 6 N 3 C1 2 
requires N, 8-8 : Cl, 14-9%), which gave a reddish- violet colour with 
aqueous-alcoholic sodium hydroxide. 

2 : 2' -Dichloro-S : S'-dimethoxybenzil, prepared in the same way 
as 2 : 2'-dichlorobenzil, crystallised from benzene in very pale 
greenish-yellow prisms, m. p. 200° (Found : Cl, 20*8. C 16 H 12 0 4 C1 2 
requires Cl, 20*9%). 

£ : 2' -Dichloro-S : S' -dimethoxybenzilic acid , formed by boiling 
2 : 2'-dichloro-3 : 3'-dimethoxybenzil (5*5 g.), dissolved in alcohol 
(11 g.), with a mixture of potassium hydroxide (5*5 g.) and water 
(11 g.) for 10 minutes, crystallised from water in colourless needles, 
decomp. 182 — 185° (Found: Cl, 20*0. C 16 H 14 0 5 Cl2 requires Cl, 
19*9%). 

2-Chloro-S-methoxybenzoic acid was prepared by gradually adding 
a saturated aqueous solution of potassium permanganate to a boiling 
aqueous suspension of 2-chloro-3-methoxybenzaldehyde until it was 
no longer decolorised and the aldehydic odour had disappeared. 
The excess of permanganate was destroyed by sulphur dioxide ; the 
solution on cooling deposited colourless needles, m. p. 161*5° after 
recrystallisation from water (Found : Cl, 19*1. C 8 H 7 0 3 C1 requires 
Cl, 19*0%). 

Approximate Determination of the Reactivities of V arious Aldehydes 
from the Quantities of Resinous Products formed, — These experiments 
were undertaken to investigate the combined influence of two groups 
of opposed electronic effects. In each case the benzoin reaction 
mixture was poured into water and acidified with acetic acid, the 
precipitate dissolved in ether, and the solution washed with aqueous 
sodium bisulphite to remove unchanged initial material, and dried ; 
the ether was then removed, and the residue weighed. 
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Benzaldehyde. 

3-Hydro xv- i 

3-Chloro-2-hydrosv- 

3-Chloro-4-hydroxy- 


Unchanged Reaction 
material (g.), product (g.). 
4*0 9*5 

0*4 2*9 

4*5 1*5 


From the resinous products, and from the corresponding synthetic 
cyanohydrins, nothing could be obtained crystalline. 


The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 

Technical College, Huddersfield. [Received, October 4^, 1929.] 


V,- — dl-fi-Phenylisopropylamine and Related 
Compounds . 

By Donald Holboyde Hey. 

P-Phenylzsopropylamine has been obtained by Edeleano (Ber. y 
1887, 20, 618) by the action of bromine and aqueous potash on 
phenylzsobutyramide and its chloroplatinate also is described. 
The hydrochloride of the d-form was obtained by Jones and Wallis 
(J. Amer. Ckem, Soc., 1926, 48, 180) by the hydrolysis of i-a-ben^yl- 
ethylcarbimide with concentrated hydrochloric acid. In the 
present investigation the racemic base was readily obtained by the 
reduction of benzyl methyl ketoxime by means of sodium amalgam in 
dilute acetic acid solution. Benzyl methyl ketoxime, previously 
described as a thick oil by Dollfus (Her., 1892, 25, 1918 ; 1893, 26, 
1971), has now been obtained in a pure crvstalline form, melting at 
70°. 

The acetyl derivative (I) of the base, on treatment with phosphoric 
Oxide in boiling toluene (compare Pictet and Kay, Ber., 1909, 42, 
1973), gave 1 : 3-dimethyl-3 : 4-dihydroisoquinoline (II), which was 
isolated in the form of its picrcde. 



The reduction of isonitrosopropiophenone under various conditions 
gives rise to a variety of products, generally in poor yield (Gudeman, 
Ber. y 1889, 22, 562 ; Behr-Bregowski, Ber., 1897, 30, 1521 ; Gabriel, 
Ber. } 1908, 41, 1127 ; Eabe, Ber 1912, 45, 2166; Calliess, Arch . 
Pharm.y 1912, 250, 141), but the only instance of its direct 
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reduction to dZ- (3-hydroxy- p-phenyKsopropylamine (norephedrine), 
OH*CHPh'CHMe*NH 2 (compare the reduction of benzil monoxime 
to (3 -hydroxy- a (3 -dipheny lethy lamine ; Polonowska, Ber., 1888, 21, 
488), has been reported by Babe, who obtained the base in small 
yield by using colloidal palladium. Since the inception of this work, 
however, Hartung and Munch (J. Amer. Chem. Soc ., 1929, 51, 2262) 
have obtained p -hydroxy- (3 -phenyKsopropylamine (phenylpropanol- 
amine) in good yield from isonitrosopropiophenone by catalytic 
reduction with palladised charcoal. In the present investigation, 
although a number of reducing agents were employed under various 
conditions, the desired result was not effected, since the isomtvoso- 
propiophenone exhibited a very marked stability [compare the 
relatively facile reduction of benzyl methyl ketoxime (see experi- 
mental part) and of propiophenone oxime (Billon, Compt . rend., 1926, 
182, 470)], and much of it was recovered unchanged. The great 
stability of this oximino-ketone has been the subject of comment by 
Coles, Manske, and Johnson ( J . Amer. Chem . Soc. } 1929, 51, 2269). 

Melting points of isonitrosopropiophenone varying from 108° to 
115° are recorded in Beilstein’s “ Handbuch der organischen 
Chemie.” The specimen prepared by Hartung and Munch ( loc . 
cit.) and crystallised from toluene, melted at 106 — 106-5°, whereas the 
preparation used in this investigation was crystallised from water, 
melted at 114*5°, and gave rise to metallic complex formation with 
iron, cobalt, and copper (compare a- and (3 -benzil monoximes, 
Tschugaev, Z . anorg. Chem., 1905, 46, 148; Taylor and Ewbank, 
J., 1926, 2818 ; Pfeiffer and Bicharz, Ber., 1928, 61, 103). 

Experimental. 

Benzyl Methyl Ketoxime.— Solutions of 18 g. of benzyl methyl 
ketone in 40 c.c. of alcohol and of 10 g. of hydroxylamine hydro- 
chloride in 20 c.c. of water were mixed and, after addition of 6 g. of 
sodium hydroxide in the minimum quantity of water, heated on a 
boiling water-bath for 1| — 2 hours. The solution was then diluted 
considerably, acidified, and extracted with ether. After being 
washed with a concentrated solution of calcium chloride and dried, 
the ether was evaporated ; the residual thick red oil, which solidified, 
after several recrystallisations from light petroleum (b. p. 60—80°), 
gave the oxime in white prismatic crystals, m. p. 70° (Bound : C, 
72-8; H, 7*4 ; N, 9*5, C 9 H X1 0N requires C, 72*5 ; H, 7*4; N, 9*4%). 

Reduction of Benzyl Methyl Ketoxime. — -To a well-stirred solution 
of 10 g. of benzyl methyl ketoxime in glacial acetic acid., diluted 
with water, 300 g. of 3% sodium amalgam were gradually added. 
After 6 hours the solution was made alkaline and extracted with 
ether and the base was extracted from the ethereal solution with 
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dilute hydrochloric acid ; or alternatively the alkaline solution was 
steam-distilled, the base being collected in dilute hydrochloric acid. 
The free base, liberated by the addition of alkali, was extracted with 
ether and dried over solid caustic potash. Evaporation of the ether 
left a yellowish oil with an ammoniacal odour, which on distillation 
gave pure dl- p-phenyKsopropylamine as a colourless oil, b. p. 205° 
(Edeleano, loc. cit, recorded 203°). The base readily combines with 
carbon dioxide. 

The acetyl derivative, formed in the usual manner, crystallised 
from aqueous alcohol in fine white needles. These melted initially 
at 64°, but at 93° after being kept for some time in a vacuum 
(Found : C, 74*7 ; H, 8*6; N, 8*1. C n H 15 ON requires C, 74*6; H, 
8-5; N, 7*9%). 

The picrate, prepared from picric acid and the base in concentrated 
solution and recrystallised from alcohol, gave yellow transparent 
prisms, containing one molecule of alcohol, which melted at 143° 
(Found: C,49*9; H, 5*5; 1ST, 13*8. C 15 H 16 0 7 N 4 ,aH 5 -0H requires 
C, 49*8; H, 5*4; 1ST, 13*7%). 

The hydrochloride , prepared from hydrogen chloride and the base 
in dry ether, was rapidly collected, washed with pure dry ether, and 
transferred to a desiccator evacuated over solid caustic potash. It 
is extremely hygroscopic and melts at 145 — 147° (Found : C, 63*3; 
H, 8*6; N, 8*1; Cl, 20*8. C 9 H 13 N,HC1 requires C, 63*0; H, 8*2; 
N, 8*2; Cl, 20*7%). 

Action of Phosphoric Oxide on Aceto-dl-$-phenylisopropylamide . — 
A solution of 2 g. of the acetyl compound in toluene was boiled for 
3 hours with 4 g. of phosphoric oxide (compare Pictet and Kay, 
loc fcit.). The solution was then made alkaline, the base extracted 
with ether, the toluene and ether evaporated, and the small residue 
of oil converted into picrate in concentrated alcoholic solution. 
Kecrystallisation from alcohol gave 1 : 3 -dimethyl-3 : 4t-dihydroi$o- 
quinoline picrate in yellow fem-like crystals, m. p. 136° (Found : C, 
52*9; H, 4*4; N, 14*35. C 17 H 16 0 7 lSr 4 requires C, 52*6; H, 4*1; N, 
UA%). 

isoN iirosopropiophenone. — This was prepared from propiophenone 
and amyl nitrite by Claisen and Manasse’s method (Per., 1889, 22, 
529) ; it crystallised from water in fine needles, m. p. 114*5°. 

Complex formation . (a) With iron. When aqueous ferrous 

sulphate solution was shaken with ^sonitrosopropiophenone and 
dilute caustic soda solution added, a blue colour was produced 
which, on shaking with benzene, passed into this solvent. 

(b) With cobalt . To a solution of 3 g. of isonitrosopropiophenone 
in very dilute alcohol was added an aqueous solution containing 
4 # 5 g. of cobalt acetate. A dense yeHowish-brownTprecipitate 
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formed almost immediately, which was collected after a while and 
washed with water, dilute alcohol, and finally with a little ether 
[Found: Co, 10*9; C, 59*9; H, 4*5; N, 7-8. Co (C 9 H 8 0 2 N)3 requires 
Co, 10-8; 0,5945; H, 44; 11,7-7%]. 

(c) With copper. In a similar way, from 3 g. of copper acetate and 
2 g. of isonitrosopropiophenone, a dense dark bluish-green precipitate 
was obtained, which was washed with water, dilute alcohol, and 
ether [Found : Cu, 25-9 ; C, 44-7 ; H, 3-8 ; N, 5-7 5. Cu0H(C 9 H 8 0 2 N) 
requires Cu, 26-2; C, 44*5; H, 3-7 ; N, 5*8%]. 

The author desires to thank Dr. F. Challenger for his advice and 
interest in this work. 

The University, Manchester. [deceived, November 1st, 1929 .] 


VI . — Natural Olucosides . Part I . The Constitution 
of Phloridzin. 

By Fbancis Raban Johnson and Alexandeb Robebtson. 

The glucoside phloridzin, which occurs in the bark of apple, pear, 
plum, and cherry trees, was first isolated in 1835 by De Koninck 
( Annalen , 15 , 75, 258) from the root bark of the apple tree, and 
was correctly analysed by Stas (Ann. Chim. Phys., 1836, 61 , 367), 
who found that it was decomposed by mineral acids into phloretin 
and a sugar which he believed to be glucose. The glucoside was 
subsequently examined by a number of workers and the empirical 
formula CgxH^Oxo^HgO was established by Rennie (J., 1887, 51 , 
634), who effected the hydrolysis by dilute sulphuric acid with the 
production of phloretin, C 15 H 14 0 5 , and glucose. The latter result 
was confirmed independently by Fischer (Ber., 1888, 21 , 988) and 
by Schunck and Marchlewski ( Ber ., 1893, 26 , 942 ; Annalen , 1894, 
278 , 349). A synthesis of phloretin by Fischer and Nouri (Ber., 
1917, 50 , 611) definitely established its constitution (compare 
Zempten and co-workers, Ber., 1928, 61 , 2486; Rosenmund and 
Rosenmund, ibid., p. 2608). That the glucose residue of phloridzin 
is attached to the phloroglucinol nucleus was shown by Cremer and 
Seuffert (Ber., 1912, 45 , 2565), who, by the action of warm baryta 
water, obtained phloretic acid and phlorin, phloroglucinol p-glucos- 
ide. This glucoside had previously been synthesised by Fischer 
and Strauss (Ber., 1912, 45 , 2467), 

As the result of previous work, phloridzin may be represented 
by formula (I) or (II), and therefore should, on methylation of the 
phenolic hydroxyl groups and hydrolysis &f the product, give a 
trimethylphloretin (IV or V). The glucoside was methylated in 
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acetone solution by means of methyl iodide and anhydrous potassium 
carbonate, a method which has been shown by Robinson (J., 1928, 
1457) to effect the methylation of 0 -benz oylphloroglucinaldehy de . 
In order to ensure complete alkylation of the phenolic groups, 
prolonged treatment with an excess of the methylating agents was 
essential. The product, which gave no evidence of the presence of 
an unprotected phenolic hydroxyl group, appeared to be partly 
methylated in the sugar residue and could not be purified. Hydro- 
lysis of the crude material, however, with aqueous methyl-alcoholic 
sulphuric acid gave §-hydroxy-2 : 4 : 4' -trimethoxy -$-phenylpropio- 
phenone (IV) ; the filtrates containing the sugar residue were not 
examined. In a subsequent experiment the alkylation was stopped 
when a sample of the product no . longer gave a ferric chloride 
reaction : a crystalline hydrate of trimethylphloridzin (III) was 
isolated which gave the ketone (IV) on hydrolysis. Methylation of 
phloridzin in a methyl-alcoholic-ethereal solution with diazo- 
methane and hydrolysis of the product also gave (IV). 


H<Y X |OX 
l XX>R*H 


Me<V x ,OX 

k ✓COR-Me ' 

)Me 

(III.) 


OH 

bo-R-Me 


X<y N OH 


HOr NOMe MeO/ Y XMe 

O-R-Me /X/C’CHg'CgH^OMe 

. MeO CO 


,CO-R-H 




OH OMe MeO CO 

<H.) (V.) (VI.) 

[X = C 6 H u 0 5 ; R = •CH 2 -CH a -C 6 H 4 -0-] 


\^/C-CH 8 -C 6 H 4 -C 


The orientation of the ketone (IV) is established by ring closure 
with sodium acetate and acetic anhydride to the 1 : 4 -benzopyrone 
(VI). The conclusion that this product is a benzopyrone and not 
a eoumarin is based mainly on the behaviour of analogous ketones 
under the same conditions (Kostanecki and Rozycki, Ber., 1901, 
34, 107; Crabtree and Robinson, J., 1918, 113, 859; Robinson 
and co-workers, J., 1929, 61, 152, which see for further references). 
Ciamician and Silber (Ber., 1894, 27, 1627 ; 1895, 28, 1393), how- 
ever, by acetylating phloretin, obtained a substance which they 
believed to be a eoumarin. In any case ring closure can take place 
only if there is a hydroxyl group in the o-position to carbonyl in 
the hydroxytrimethoxy- £3 -phenvlpropiophenone obtained by hydro- 
lysis of the methylated glucoside. The constitution of phloridzin 
is therefore represented by formula (I). 

The experimental proof of the constitutions of (VI) and of 
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Ciamician and Silber’s product (Zoc. cit.) will be the subject of a 
future communication. 

The compound (IV) was prepared by an independent method : 
condensation of phloroglucinol dimethyl ether and (3-4 -methoxy- 
phenylpropionitrile by the method of Hoesch produced a mixture 
of ketimine hydrochlorides which, on hydrolysis and separation, 
gave (IV) and the isomeride (V) in almost equal quantities. 

. Convenient methods for the preparation of p-methoxycinnamic 
acid (compare Perkin, J., 1877, 31, 408; Einhorn, Annalen, 1883, 
243, 363; Knoevenagel, Ber., 1898, 31, 2606) and of (3-4-methoxy- 
phenylpropionyl chloride (compare Barger and Walpole, J., 1909, 
95, 1723) are described. Dehydration of (3-4-methoxyphenylpro- 
pionamide (Barger and Walpole, Zoc. cit.) with thionyl chloride gave 
the nitrile . . 

Experimental. 

Methylation of Phloridzin. TrimethylpMoridzin . — (A) Methyl 
iodide (14 c.c.) was added to a solution of phloridzin (15 g.) in dry 
acetone (80 c.c.) containing powdered potassium carbonate (25 g.) 
in suspension, and the mixture refluxed for 40 hours; a further 
quantity of iodide (28 c.c.) was added in two portions at intervals 
of 10 hours. After separation from potassium salts the mixture 
was acidified with acetic acid and the acetone and the excess of 
methyl iodide were removed by distillation. The pale straw- 
coloured viscous residue, which could not be crystallised, was in- 
soluble in cold 10% alkali solution and did not give a ferric chloride 
reaction. A solution of the product in a mixture of 50% methyl 
alcohol (120 c.c.) and 15% sulphuric acid (50 c.c.) was refluxed for 
20 minutes; on cooling, %-Jiydroxy-2 : 4 : 4' 4rimethoxy-$~phenyl- 
propiophenone (IV) separated, which crystallised from alcohol in 
colourless squat prisms (7*2 g.), melting at 110° [Found : C, 68*5 ; 
H, 6*3; OMe, 29*4. C 16 H n 0 2 (0Me) 3 requires C, 68*3; H, 6*4; 
OMe, 29*4%]. This substance is slightly soluble in methyl alcohol 
and insoluble in warm water and in cold 2% aqueous sodium 
hydroxide 'Solution. Ferric chloride added to an alcoholic solution 
gives a wine-red coloration. Acetylation with acetic anhydride 
and sodium acetate on the steam-bath during 3 hours gave the 
acetyl derivative, which separated from warm methyl alcohol in 
rhombic prisms, m, p. 62 — 63° (Found : C, 67*3 ; H, 6*2. O 20 H 2 2 O e 
requires C, 67*0 ; H, 6*9%). It is readily soluble in warm alcohol 
and in ether, and does not give a ferric chloride reaction. Hydro- 
lysis in alcohol with a little concentrated potassium hydroxide 
solution gave the parent ketone (III). 

Phloridzin (10 g.) in acetone (50 c.c.) was methylated during 20 
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hours with methyl iodide and potassium carbonate. The product, 
isolated as before, solidified, but separated from warm benzene as 
an oil which gradually crystallised [Found in material dried at 110° : 
OMe, 20*7. C 21 H 21 0 7 (0Me) 3 requires OMe, 19*5%]. Repeated 
crystallisation from warm water (charcoal) gave a monohydrate of 
trimethylphloridzin (III) in colourless elongated prisms, m. p. 63 — 
65° after softening at 60° [Found in material dried at 110° : C, 60*2 ; 
H, 5*9; OMe, 19*8. C 21 H 21 0 7 (0Me) 3 requires C, 60*2; H, 6-3 ; 
OMe, 19-5%. Found : loss on drying at 110°, 7*5. A mono- 
hydrate requires loss, 7*0%]. The hydrate is readily soluble in 
alcohol and does not give a ferric chloride reaction. Hydrolysis 
gave (IV), m. p. and mixed m. p. 110°. 

(B) Diazomethane (3*5 g.) in dry ether (400 c.c.) was added to a 
solution of anhydrous phloridzin (5 g.) in absolute methyl alcohol 
(70 c.c.). A brisk evolution of nitrogen ensued and after 12 hours 
the ether and alcohol were removed under diminished pressure. 
The residual syrup, which was readily soluble in alcohol and in 
warm water and did not give a ferric chloride reaction, could not 
be crystallised. The crude product on hydrolysis with aqueous 
methyl-alcoholic sulphuric acid gave (IV), m, p. and mixed m. p. 
110° after crystallisation from alcohol. 

5:7: 4'- Trimethoxy-2-benzyl-2-meihyl-\ : ^-benzopyrone (VI). — A 
mixture of the ketone (IV) (6*5 g.), acetic anhydride (100 c.c.), and 
fused sodium acetate (40 g.) was heated at 180° for 16 hours. Water 
(400 c.c.) was then added to the cooled mixture and after 3 days 
the semi-solid product which had separated was extracted with 
ether. The benzopyrone (VI) remained as an insoluble residue, 
which crystallised from alcohol (charcoal) in clusters of colourless 
needles, m. p. 165 — 166° (Found : C, 70*7 ; H, 6*0. C 20 H 20 O 5 
requires C, 70*6; H, 5*9%). It is soluble in cold concentrated 
sulphuric acid to a colourless solution exhibiting a blue fluorescence 
in the light of a carbon arc, and in warm concentrated hydrochloric 
acid to a pale straw-coloured solution. An alcoholic solution is 
non-fluoreseent. 

The ether-soluble fraction of the reaction mixture consisted 
mainly of impure acetyltrimethylphloretin, which, on being refluxed 
with acetic anhydride and sodium acetate at 180° for 18 hours, 
gave a further quantity of the benzopyrone, m. p. 165 — 166°. 

p - 4 - Af ethoxyphenylpropionamide . — A mixture of anisaldehyde 
(50 g.), malonic acid (45 g.), pyridine (150 c.c.), and piperidine 
(0-5 c.c.) was heated on the steam-bath for 9 hours and then under 
reflux for 2 hours. After dilution with water (400 c.c.) and acidi- 
fication with concentrated hydrochloric acid (300 c.c.), it deposited 
p-methoxycinnamic acid (47 g.), which crystallised from alcohol in 
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colourless needles, m. p. 186 — 187° after sintering to an opaque 
mass at 169 — 171°. Reduction with sodium amalgam gave an 
almost theoretical yield of p-4-methoxyphenylpropionic acid, m. p. 
101 — 103° (Perkin, loc. cit.). 

(3-4-Methoxyphenylpropionyl chloride was prepared by warming 
a mixture of the acid (60 g.) and thionyl chloride (84 c.c.) on the 
steam-bath until the evolution of hydrogen chloride ceased. The 
excess of thionyl chloride was removed by distillation, the residual 
acid chloride dissolved in benzene (120 c.c.), and the solution 
saturated with ammonia ; the amide (32 g.) then separated, m. p. 
123 — 124° after crystallisation from water (compare Barger and 
Walpole, J., 1909, 95, 1723). 

(3-4 -Methoxyphenylpropionitrile. — A mixture of (B-4-methoxy- 
phenylpropionamide (31 g.) and thionyl chloride (45 c.c.) was 
heated under reflux for 1 hour. The excess of thionyl chloride 
was removed by distillation and an ethereal solution of the residue 
was washed with dilute sodium carbonate solution and then with 
water. The dried solution was freed from solvent and the resulting 
oil, on distillation under diminished pressure, gave the nitrile (16 g.) 
as a colourless oil, b. p. 172 — 173°/17 mm. (Pound : C, 74*1 ; H, 
7*0 ; N, 8*6. C 10 H n ON requires C, 74*5 ; H, 6*9 ; N, 8*7%). 

Condensation of p-4- Methoxyphenylpropionitrile with Phloro - 
gluoinol Dimethyl Ether. — A solution of phloroglucinol dimethyl 
ether (13*8 g.) and (3-4-methoxyphenylpropionitrile (14*5 g.) in dry 
ether (160 c.c.) was saturated with dry hydrogen chloride at 0° 
in the presence of anhydrous zinc chloride (7 g.). The mixed 
ketimine hydrochlorides separated as a semi-solid and after 4 days 
a further quantity was precipitated on the addition of dry ether 
(500 c.c.). A suspension of the mixture in water (250 c.c.) was 
heated on the steam-bath for 15 minutes; on cooling, the pro- 
duct solidified. Ethyl acetate extracted the ketone (IV) (6*5 g.), 
which crystallised from alcohol in squat prisms, m. p. and mixed 
m. p. 110° (Found : 0, 68*2; H, 6*4%). Acetylation with acetic 
anhydride and sodium acetate at 100° gave the acetyl derivative, 
m. p. and mixed m> p. 62 — 63°. The latter, on being heated with 
acetic anhydride and sodium acetate at 180° for 18 hours, was 
converted into the benzopyrone (VI), which separated from warm 
alcohol in clusters of colourless needles, m. p. and mixed m. p.. 
165—166°. 

The residue insoluble in ethyl acetate consisted of unchanged 
ketimine hydrochloride and was readily soluble in warm alcohol, 
from which it separated in colourless prisms on the addition of an 
excess of ethyl acetate. It was hydrolysed by boiling for 2 hours 
with water (300 c.c.). A solution of the solid product in cold 2% 
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aqueous sodium hydroxide (filtered to remove traces of insoluble 
impurities), on acidification with concentrated hydrochloric acid, 
gave 4z-hydroxy-2 : 6 : 4c' -trimethoxy- $-phenylpropiophenone (V) (8 g.), 
which, on recrystallisation from 70% methyl alcohol and then from 
benzene, was obtained in colourless rectangular plates, m. p. 142° 
(Found: C, 68*2; H, 64. C 18 H 20 O 5 requires C, 684; H, 6*3%). 
It is more readily soluble in alcohol and in benzene than the isomeric 
ketone (IV) and does not give a ferric chloride reaction. The 
acetyl derivative could not be crystallised. 

The authors desire to express their thanks to the Chemical 
Society for a grant which has defrayed a part of the cost of this 
investigation. 

East London College, 

University oe London. [Received, November 4 tk 9 1929.] 


VII * — The Nitration of Aromatic Thiocyanates . 

By Frederick Challenger, Constance Higginbottom, and 
Alfred Huntington. 

The o : p ratio for the nitration of phenyl thiocyanate (Challenger 
and Collins, J., 1924, 125, 1377) has been found to be 1 : 4. The ratio 
for phenyl selenoeyanate (Challenger and Peters, J., 1928, 1368), 
which is being determined, may be expected to be greater, since rise 
in the atomic number of the halogens increases ortho-substitution 
(Lapworth and Robinson, Mem. Manchester Lit. Phil. Soc ., 1927-8, 
72, 49; Ann . Bep., 1928, 141). 

The preparation and nitration of o -cfdoro-, o-bromo-, and m-chloro- 
phenyl thiocyanates are now described. The ortho-compounds 
yielded almost exclusively 2-chloro(oT bromo)-4:-nitrop]ienyl thio- 
cyanates. About 0*1 g. of the 5-nitro-derivative was obtained from 
5*4 g. of o-cklorophenyl thiocyanate and from 5 g. of the o-bromo- 
compound. The results obtained in this and earlier communications 
are summarised on p. 27: the yield of mononitro-compound is 
recorded against the nitro-group, and the position of the intro-group 
in the isomeride produced is shown by N0 2 in parentheses. 

Both the thiocyano-group and the halogens, owing to their large 
number of unshared electrons, tend to transfer these to the carbon- 
sulphur or carbon-halogen linkage in phenyl thiocyanates or 
haiogenobenzenes . A drift of electrons (conjugative effect) is thus 
set up which activates the o- and ^-positions (Allan, Oxford, Robin- 
son, and Smith. J.. 1926. 409L Thfi dissnria/frirvn nonstsmts ni 
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thiocyanoacetic acid (Ostwald, Z. physilcal. Chem ., 1889, 3, 179) and 
of chloro- and bromo-acetic acids are 2-65 x 10" 3 , 1-55 X 10 -3 , and 
1-38 X 10" 3 respectively. Thioeyanogen is therefore analogous to 
chlorine in attracting electrons more strongly than hydrogen and 
imposing on the benzene nucleus a positive field (negative general 
effect) which opposes the o : ^-orienting conjugative effect. It is 
well known, however, that no meta-substitution has been detected 
with the halogenobenzenes, nor have we observed it with phenyl 
thiocyanate. 


SCN 



SCN 


j(N0 2 ) 

>no 2 

jj e (>60%) 


SCN 



SCN 


(Br)C 


[ (N0 2 ) 


no 2 

(>90%) 


SCN. 



SCN 



Cl 


SCN SCN 

(0 2 N) 

no 2 

(>70%) 


SCN SCN 



Br Br 




The results obtained on nitration of p-tolyl thiocyanate may be 
regarded as in agreement with the much greater ortho-directing 
influence of methyl as compared with that of thioeyanogen ; the 
o : p ratio for CH 3 is 58-8 : 36*8 and that of SCN is 20 : 80. Here in 
the major product the £< general effects ” of methyl (positive general 
effect) and of SCN support each other. 

In o-tolyl thiocyanate, where the ^-positions with respect to both 
substituents are unoccupied, the effect of SCN predominates. No 
vicinal derivatives such as C 6 H 3 (N0 2 )(SCN)(CH 3 )[6 : 1 : 2] were 
isolated and the -Or effects of SON and CH 3 appear to play a subor- 
dinate part. The result appears to be largely determined by the 
conjugative effect of SON at position 4. Some substitution occurs 
to a less extent at 5, the position activated by the methyl group and 
least inhibited by the general effect of SCN. 

With o-chloro- and o-bromo-phehyl thiocyanates examination 
shows no trace of vicinal derivatives in the nitration products. 
The conjugative effect of SON and the general effect of halogen 
both tend to favour substitution at position 4, and only traces of 
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the o-mtro-compounds are formed. With m-chlorophenyl thio- 
cyanate vicinal substitution is again absent and two products are 
formed by the reinforced conjugative effects of SON and chlorine at 
positions 4 and 2 respectively, the 4-nitro-compound predominating. 

The most interesting feature of these results is the relation of the 
effects induced by SON to those induced by methyl and chlorine. 
It appears from the nitration of the tolyl thiocyanates that the speeds 
of substitution induced by the CH S and the SON group are not 
very different, since in comparing ortho-effects (p-tolyl thiocyan- 
ate) methyl predominates, and in comparing para-directing effects 
(o-tolyl thiocyanate) SCN predominates. On the other hand, the 
results for halogenophenyl thiocyanates clearly show that the speeds 
of substitution o- or p- to SCN are incomparably greater than those 
o- or p - to chlorine or bromine in these molecules. In Holleman’s 
series OH>NH 2 >I>Cl>Br>CH 3 , chlorine is slightly more 
powerful than methyl (compare Challenger and Collins, loc. cit .). 
Further work is in progress and a study of the pl^sical properties of 
certain thiocyanates will be made. Attempts to prevent elimination 
of iodine on nitration of p-iodophenyl thiocyanate were unsuccessful 
(compare Challenger and Collins, loc. cit.; Korner, Gazzetta, 1875, 4, 
385 ; Mayes and Turner, J., 1928, 691). 

Ingold, Smith, and Vass (J., 1927, 1245) showed that the decom- 
position of substituted aryl iododichlorides to chloroiodobenzenes is 
an intermolecular reaction, the position entered by chlorine being 
determined not necessarily by the iodine, but by the strongest group 
present. Attempts to decompose the dichloride of p -iodophenyl 
thiocyanate so as to induce nuclear chlorination failed, loss of chlorine 
and regeneration of the iodothiocyanate usually occurring. In 
sunlight pp ' - di-iododipheny 1 disulphide was formed. This decom- 
position possibly proceeds by liberation of cyanogen chloride and 
formation of the p-iodophenyl thiolchloride TC 6 H 4 *SC1. Thiol- 
chlorides of this type yield disulphides with alcohol. It has there- 
fore been impossible to compare the orienting effects of iodine and 
thiocyanogen. 

Our results may be compared with those of Werner (J., 1907, 91, 
240, 529), who found that a nitro-group in the o- or p -position to 
ICI 2 prevents nuclear chlorination. With a halogen atom in the 
p-position, this effect is slightly less, some nuclear chlorination 
taking place. 


Expebimental. 

o-Chlorophenyl Thiocyanate. — o-Chloroaniline was diazotised at 
0°, added to an aqueous solution of ferric chloride and potassium 
thiocyanate, and left over-night. The thiocyanate was extracted 
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twice with benzene, distilled in steam, and again extracted with 
benzene. After three fractionations in a vacuum it was almost 
colourless, boiled at 160 — 160-5°/42 — 47 mm., and solidified in ice. 
Yield, 18 g. (53% of the theoretical). It has an unpleasant odour 
and the vapour attacks the eyes and skin (Found : Cl, 20*7, 21*1 ; 
S, 19*1, 19*15. C 7 H 4 NC1S requires Cl, 20*9 ; S, 18*9%). 

The o-bromo-, p-iodo-, and m-chloro-derivatives of phenyl thio- 
cyanate were similarly prepared (see table below). Extraction 
with benzene prior to steam distillation removes inorganic salts 
which may facilitate disulphide formation during treatment with 
steam. 

The irritant effect of m-chlorophenyl thiocyanate is much more 
pronounced than that of the other halogen derivatives. 

2-ChloroA-nitrophenyl Thiocyanate. — 2-Chloro-4-nitroaniline was 
obtained by the method of Chattaway, Orton, and Evans (Ber., 
1900, 33 , 3061), but hot dilute sulphuric acid was found to be most 
suitable for hydrolysis of the 2-chloro-4-nitroacetanilide, the free 
base separating on cooling. 

2-Chloro-4-nitroaniline was diazotised at —5° and treated as 
described above. The product, when crystallised from alcohol, 
acetone and finally from light petroleum, formed colourless needles, 
m. p. 85° (Found : 1ST, 13*3. C 7 H 3 0 2 N 2 C1S requires 1ST, 13*05%). 

The other halogenonitro-thiocyanates were prepared similarly 
(see table), cuprous thiocyanate being occasionally employed in place 
of ferric chloride. 

2-Chloro-5-nitrophenyl thiocyanate melts at 107° (Found : C, 
39*6; H, 1*3. C 7 H 3 0 2 ]Sr 2 ClS requires C, 39*2; H, 1-4%). 

Wt. of 


Substituted 

base 

H s S0 4 

Water 

NaXO* 

KS0N Cu a (S0X) 2 

FeOL 

M. p. or b. p. 

aniline. 

teO- 

(C.C.). 

(c.c.). 

<g.). “ 

(g.). <M* 

(£•)*. 

of product. 

2-C1 

25*5 

40 

160 

18-7 

38*8 — 

30 

B. p. 160°/ 

42 mm. 

2-Br 

30 

40 

160 

18*0 

38*0 — • 

63*6 

B.p. 161 — 165°/ 
10 — 12 mm. 

3-C1 

40 

54 

200 

25*0 

60*0 — 

30*0 

B. p. 135 0 / 

12*5 mm. 

4-SCN 

5 

3*9 

86 

3-0 

9 g. KI — 

— 

M.p. 53°* 

2-Cl-5-NTO g 

10 

60 

120 

5*0 

12-0 — 

10-0 

107° 

2-Cl-4-NO a 

1*7 

20 

40 

0*9 

1-9 — 

1*6 

„ 85° 

2-Br-5-N r O a 

2*5 

15 

30 

1*1 

1-5 2*0 

— 

„ 124*5° 

2-Br-4-lSr0 2 

1*0 

8 

16 

0*5 

0*6 0*8 

— 

„ 93° 

3-C1-4-NO, 

6*0 

100 

100 

3*0 

6*2 — 

5*3 

„ 59° 

3-C1-6-NO; 

6-0 

100 

100 

3*0 

6-2 — 

5*3 

„ 104*5° 


The product contained SON in place of the 2STH 2 of the original base in every 
case except that marked *, where p-iodophenyl thiocyanate was formed. 


Nitration of o-Chlorophenyl Thiocyanate . — The thiocyanate (5*4 g.) 
was slowly added to well-stirred nitric acid (d 1*5 ; 18 c.c.) at —6°, 
left for 4 hours at room temperature, and poured on ice. The crude 
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product, m. p. 76 — 78°, -weighed 6*6 g., i.e., 96% of the amount re- 
quired for a mononitro-derivative. Fractional crystallisation from 
alcohol and then from light petroleum gave a main product (A), 
m. p. 85°, and about 0*01 g. of (B), m. p. 107°, 

A and B did not depress the m. p.’s of synthetic specimens of 
2-ckloro-4z-?iitrophenyl thiocyanate and of 2 -chloro-5-nitrophenyl 
thiocyanate respectively (Found for A : Cl, 16*6; S, 14*7 ; N, 13*3. 
Found for B : N, 13*2. C^O^OIS requires Cl, 16*5; S, 14*9; 
N, 13*05%). 

A was boiled with animal charcoal in alcohol : the solution yielded 
a small quantity of white crystals (E), m. p. 165°, which were less 
soluble in alcohol and gave no thiocyanate reaction. Since (A) was 
previously pure, the formation of sulphide or disulphide was suspected 
and the behaviour of synthetic 2-chloro-4-nitrophenyl thiocyanate 
towards charcoal was studied. The production of E was confirmed 
and shown to be due to the charcoal and not to the alcohol. The 
charcoal gave an alkaline reaction in water. After being boiled 
with hydrochloric acid and washed, it was found not to affect the 
thiocyanate even when boiled for several hours in alcohol. When 
the thiocyanate was left with 10% sodium hydroxide solution for 
7 days and recrystallised from acetone, the same product (E x ), 
m. p. 165, was obtained, as also on treatment with warm alcoholic 
ammonium sulphide (E 2 ). The m. p. of E was not depressed on 
admixture with E x or E 2 . The method of formation of E 2 shows it 
to be a disulphide (compare Muller, Z. farb . Text. Ind., 1908, 5, 357), 
a conclusion confirmed by the formation of diphenyl disulphide, 
m. p. and mixed m. p. 60°, and of di-o-nitrophenyl disulphide from 
the corresponding thiocyanates and sodium hydroxide. o-Nitro- 
phenyl thiocyanate also gave the disulphide when boiled with the 
contaminated charcoal in alcohol. 

Preparation and Nitration of o-Bromophenyl Thiocyanate. — (a) 
The preparative details are given on p. 29. The product formed 
white needles, m. p. about 24° (Found : S, 14*9, 14*8 ; Br, 37*65. 
C 7 H 4 KBrS requires S, 14*95; Br, 37*3%). (6) The thiocyanate 
(5 g.) was added during 45 minutes to nitric acid ( d 1*5 ; 18 c.c.) at 
—5° to —6°, left- at room temperature for 15 minutes, and poured 
on ice. The yield of crude product, m. p. about 83°, was 5*8 g. 
(97% of the amount required for a mononitro-derivative). : Frac- 
tional crystallisation from alcohol and from light petroleum gave a 
main product (C), m. p. 93°, and a trace of (D), m. p v 126°. These 
did not depress the m.p.’s of synthetic specimens of the 4;-nitro- and 
5-nitro- 2-bromophenyl thiocyanates respectively (Found for C : N, 
11*0; Br, 31*0, 30*9. Found for D : N, 11*0. C 7 H 3 0 2 N 2 BrS 
requires Iff, 10*8; Br, 30*9%). 
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2-Bromo-4:-nitrophenyl Thiocyanate . — 2-Bromo-4-nitroaniline was 
prepared from o-bromoacetanilide and nitric acid ( d 1-5) at — 5° 
to *—10°. Having been kept for 30 minutes in the freezing mixture 
and for 1-| hours at room temperature, the reaction mixture was 
treated with ice. The solid obtained, m. p. 120°, was fractionally 
crystallised : the less soluble portion, m. p. 130° (Chattaway, Orton, 
and Evans, loc. cit give 129° as the m. p. of 2-bromo-4-nitroacet- 
anilide), was treated for \\ hours with sulphuric acid at 100° and 
poured into water, giving the yellow base, m. p. 105° (Hubner, 
Ber ., 1877, 10, 1709, gives m. p. 104-5°). The preparation by this 
method has not been described. 

The thiocyanate was prepared as usual (see p. 29). It formed pale 
yellow crystals, m. p. 93°, from light petroleum and gave the thio- 
cyanate reaction (Found : N, 10-9. C 7 H 3 0 2 ]iSr 2 BrS requires N, 10-8%). 

2 -BromoS-nitrophenyl Thiocyanate . — The corresponding amine 
was prepared by the method used by Chattaway, Orton, and Evans 
(loc. cit.) for the chloro-derivative, the application of which to the 
bromo-compound does not appear to be described. The pale yellow 
thiocyanate (see p. 29), after crystallising from alcohol and finally 
from light petroleum, melted at 126° (Found: C, 32-6; H, 1*5. 
C 7 H 3 0 2 lSr 2 BrS requires C, 32-4; H, 1*16%). 

Preparation and Nitration of m-Chlorophenyl Thiocyanate. — (a) 
See p. 29 for preparative details. Shortly after the addition of the 
m-chlorobenzenediazonium chloride to the ferric thiocyanate there 
was a violent reaction and the temperature rose considerably. This 
was also observed in a second experiment when the mixture was 
standing in ice. The pure thiocyanate boiled at 135°/12*5 mm. 
(Found : N, 8*6. C 7 H 4 NC1S requires N, 8*3%). 

(b) The thiocyanate (5 g.) was slowly added to well-stirred nitric 
acid (d 1*5 ; 15 c.c.) at — 10°. After an hour the liquor was left at 
room temperature for 2 hours and poured on ice. Fractional 
crystallisation of the washed and dried crude product (5*9 g., 
hl p. 44 — 48°) from ethyl alcohol and then from methyl alcohol 
yielded (F), m. p. 48—51°, and (G), m. p. 104°. Crystallisation of F 
did not alter the m. p. Distillation with steam failed to purify it, 
since the product ceased to give the thiocyanate reaction (Challenger 
and Peters, J., 1928, 1368) and melted at 130—135°. Repetition of 
the nitration and further crystallisation from light petroleum 
finally gave a large fraction (H), m. p. 59°, and a very small one (K), 
m. p, 104 — 105°. There was no evidence of any other isomeride. 
H and K did not depress the m.p.’s of the thiocyanates of the same 
melting points prepared from 3-chlor6-4-nitroaniline and 3-chloro-6- 
nitroaniline, respectively (Found for H and K : N, 13*2 and 13*1 
respectively. C 7 H 3 0 2 N 2 C1S requires N, 13*05%). 
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Preparation of the 6- and the 4-A itro-derivative of m-Chlor opheny 
Thiocyanate . — The corresponding amines were prepared by the 
method of Mayes and Turner (J., 1928, 693). The 6 - nitro -thiocyanate , 
after cryst alli sing from ethyl alcohol and twice from methyl alcohol, 
melted at 104—105° (Found: Cl, 16-2, 16-7; N, 13*3; S, 14-6). 
The 4:-nitro-compound , m. p. 59°, was crystallised first from alcohol 
and then from light petroleum (Found : 1ST, 13*3, 13*2. C 7 H 3 0 2 N 2 C1S 
requires N, 13*05 ; Cl, 16*5; S, 14*9%). 

Preparation and Attempted Nitration of p-Iodophenyl Thiocyanate . 
— This substance was obtained by Challenger and Collins (toe. cit.), 
but was not analysed. It melts at 53° (Found : I, 48*3; S, 11*9. 
C 7 E 4 ]*riS requires I, 48*5; S, 12*3%). N 

p-Iodophenyl thiocyanate was attacked neither by nitric acid 
(d 1*41) at —10° or at 15°, nor, in acetic anhydride solution, by 
nitric acid ( d 1*5) at 0°. On slow addition of the thiocyanate (1 g.) 
to a mixture of sulphuric acid (10 c.c.) and nitric acid (d 1*41 ; 10 
c.c.) at —14°, most of it dissolved, forming a pale brown solution, 
but iodine did not appear to be liberated. After remaining for 
3 hours at —10° to —5°, the mixture was poured on ice; a black 
solid then separated, becoming paler in air and giving only £>-nitro~ 
phenyl thiocyanate, m. p. and mixed m. p. 133°, on fractional 
crystallisation. The acid liquor contained free iodine. Similar results 
were obtained with nitric acid (d 1*5) at —16°. With equal volumes 
of nitric acid (d 1-5) and (d 1*41) at —12°, reaction was very slow, 
but on addition of more acid ( d 1*5) a black solid separated. The 
p- nitro -derivative was isolated as before. 

Preparation of p-Dichloroiodophenyl Thiocyanate. — The iodo- 
thiocyanate in three times its weight of chloroform was cooled in ice 
and treated with chlorine for about 30 minutes and the pale yellow 
needles were washed with light petroleum; m. p. 111°. The 
substance was analysed by Willgerodt’s method (“ Die Organischen 
Verbindungen mit mehrwertigem Jod,” 1914, p. 22) using potassium 
iodide and sodium thiosulphate (Found : Cl, 21*4, 21*3. C 7 H 4 NC1 2 IS 
requires Cl, 21*4%). 

When heated in an open vessel to 100°, the iododichloride evolved 
chlorine. The solidified residue, m. p. 49°, had m. p. 51° after 
recrystaHisation and did not depress the m. p. of jp-iodophenyl 
thiocyanate (52 — 53°). The thiocyanate was also formed in (a) 
boiling carbon tetrachloride and (6) light petroleum (b. p. 40 — 50°) ; 
addition of iron filings to (a) did not affect the result. After re- 
maining for 24 hours in ultra-violet light, the iododichloride was 
completely converted into the thiocyanate. The iododichloride 
(3 g.}, exposed to sunlight in a closed bottle, liquefied after 2 weeks 
but became solid a few days later. Much pressure developed,, 
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hydrogen chloride was present, and a very pungent odour which 
may have been that of cyanogen chloride . The yellow solid produced 
melted at 53°; after recrystallisation from alcohol, it became 
colourless, melted at 126°, and did not depress the m. p. (126°) of 
pp'-di-iododiphenyl disulphide. 

Preparation of Phenyl Thiocyanate and Quantitative Study of its 
Nitration . — Challenger and Collins (loc. cit.) prepared phenyl thio- 
cyanate by Gattermann’s method (Per., 1890, 23, 738), using 
potassium and cuprous thiocyanates. A better yield is obtained 
with ferric chloride and potassium thiocyanate (Korczyfiski, Bull. 
Soc. chim. } 1922, 31, 1179), although in this and other cases (see 
p. 31) the evolution of nitrogen tends to lag and then suddenly 
to become violent. The steam-distilled* product was carefully frac- 
tionated; b. p. 143 — 145°/64 mm. (Found : S, 23*4, 23*3. Calc. : 
S, 23*7%. Phenyl mercaptan and phenyl disulphide, which are 
possible impurities, contain 29*1 and 29-3% of stflphur respectively). 

The o-, m-, and p-nitro-thiocyanates required for thermal analysis 
were prepared by the diazo-reaction (Muller, Z. farb. Text. Ind ., 
1906, 5, 357) by means of copper salts. Steam distillation was im- 
practicable and the thiocyanates were purified by extraction of the 
solid product with alcohol and decoloration with carefully purified 
charcoal. 

Nitration of phenyl thiocyanate . The thiocyanate (10 g.) was slowly 
added to nitric acid (d 1-41 ; . 24 c.c.) and sulphuric acid (27 c.c.) at 
0—5°. After 5 g. had been added, a solid separated. After remain- 
ing for 5 hours at 0°, the mixture rose to room temperature, but, as 
the odour of phenyl thiocyanate was still perceptible, another 6 c.c. 
of each acid were added. After 4 hours, the mixture was poured on 
ice, thiocyanate odour being absent. The oil-free solid was washed, 
triturated with cold water, shaken with water for several hours, 
dried at about 90°, and left in a desiccator. Yield, 12*5 g. (94% of 
the theoretical yield for a mononitro-derivative). The washings 
and spent acid were extracted with benzene, but yielded only a small 
amount of oil with an odour of phenyl thiocyanate. The nitration 
product was examined for compounds other than o- and p-nitro- 
phenyl thiocyanates. When fused, it had a very slight odour of 
phenyl thiocyanate. The smell of this substance is very powerful 
and only minute traces could have been present. Repeated frac- 
tionation failed to detect any o- or p- or dinitro-derivative of phenyl 
•disulphide which might have been produced by oxidation of the nitro- 
thiocyanates. These substances are difficultly soluble. A test was 
■made for the presence of 2 : 4-dinitrophenyl thiocyanate. Addition 
of o- or p-nitrophenyl thiocyanate to a mixture of acetone and 
sodium hydroxide gives an orange colour to the acetone layer, the 
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alkali being coloured pale yellow. A trace of the dimtro-compound 
colours the mixture almost black and the alkali red. With the 
nitration mixture the colour was orange-yellow, indicating the 
absence of the dinitro -derivative. 

Thermal analysis of the nitration mixture. The setting point (S.P.) 
of the well-washed and dried nitration mixture was 121-9°, results 
differing by not more than 0T° being obtained on remelting. A 
second nitration of phenyl thiocyanate gave a product of S.P. 121*7°. 
The eutectic point was di ff icult to observe but appeared to be about 
95°. The S.P. of various mixtures of o- and ^-nitrophenyl thio- 
cyanates were then determined by adding increasing quantities of the 
o-derivative to the ^-compound of S.P. 131*0°. 


% Ortho- 1 2 4 6 10 

S.P 130*3° 129*5° 128*5° 127*6° 126*1° 

% Ortho- 15 20 21 30 

S.P 124*0° 121*9° 121*5° 114*5° 


'From these figures the nitration product would appear to contain 
20% of o-nitrophenyl thiocyanate. The eutectic point of one of 
the synthetic mixtures was found to be about 96*5°, in fairly good 
agreement with that of the nitration product. 

The nitration product being assumed to consist solely of 80% 
of para- and 20% of ortho-thiocyanate, sufficient o-nitrophenyl 
thiocyanate was added to form a 30% mixture. The S.P. was 1 14*9°, 
and that of a synthetic mixture is 114*5° (see table), the results being 
therefore in agreement. Further evidence was afforded by examina- 
tion of mixtures containing m-nitrophenyl thiocyanate. A synthetic 
mixture containing 76*2% of para-, 19*0% of ortho-, and 4*8% of 
meta- had S.P. 118*6°. On addition of 0*2094 g. of m-nitrophenyi 
thiocyanate to 4*1870 g. of the nitration product, the resulting 
mixture should contain 4*8% of meta-. The observed S.P. was 
118*9°. 


Part of the cost of this investigation was defrayed by a grant 
from the Fe search Fund of the Chemical Society, for which the 
authors desire to express their thanks. 

The University, Manchester. 


[Received, November 8 th, 1929.} 
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Fig. 1. 


VIII . — The Parachor of Chlorine Dioxide. 

By Geoffrey Herbert Cheesman. 

The structure of chlorine dioxide, C10 2 , has always been the subject 
of much speculation, and the electronic ideas of valency do not solve 
the difficulty, for the total electron content (19 outer-sheath elec- 
trons) is an odd number. As usual 
with inorganic compounds, it is difficult 
to obtain evidence of structure, but in 
this case it seemed reasonable to try 
Sugden’s parachor method. Chlorine 
dioxide, being liquid between -—59° 
and +10° under 
atmospheric 
pressure, is suit- 
able for surface- 
tension and den- 
sity measure- 
ments. Through- 
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out this work the chlorine dioxide- 
carbon dioxide mixture produced 
by Bray’s method was frozen out 
and fractionated. 

Quantities of liquid up to about 
1 c.c. were condensed and fraction- 
ated in the simple vacuum appar- 
atus shown in Fig. 1 . The material 
was condensed in A, and warmed 
to 0°, whereupon all the carbon 
dioxide passed off. About one- 
quarter of the liquid was allowed 
to evaporate away through tap D. 
The remainder was frozen out, the 
apparatus pumped out, and two- 
thirds of the remainder distilled 
into B by surrounding the latter with liquid air. From this, one- 
quarter was again rejected, and the middle portion distilled as 
before into C. All the material was then frozen in liquid air, and 
the apparatus evacuated and sealed between C and B. About 
0*2—04 c.c. was thus obtained. 

The purity of the material was followed by vapour-pressure deter- 
minations with the mercury manometer and sulphuric acid buffer 
on the left of the apparatus. Reproducible pressures were obtained 


<3 


Fig. 2a. 


Fig. 26. 
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in good agreement with those of Kong and Partington (J., 1926, 
925). 

Two sets of density determinations were made, the first by a 
method of balancing columns, and the second by a pyknometer 
method; The first method is illustrated by Pig. 2ct. The inner 
tube of the apparatus, B, was a uniform capillary, and the material 
was distilled into the lower portion of A through the side tube C. 
Suction was gently applied at D, and the heights of the liquid in 
the capillary and of the water in the U-tube E were measured with 
a sliding microscope. About 20 readings were taken, and the height 
of liquid plotted against the height of water. The points lay on a 
straight line, the gradient of which gave the relative density of the 
liquid at the temperature of the experiment (0°). 

Two experiments on these lines gave rather different results, and 
hence the second method was tried. The actual pyknometer 
resembled a small thermometer (Pig. 2b) with a mark at A on the 
capillary stem, and a file scratch at S ; it was sealed to the frac- 
tionation apparatus at X. Sufficient material was distilled in to 
fill it nearly to A when at 0°, and then frozen out. The apparatus 
was evacuated, sealed off at Z, and maintained at 0° till the meniscus 
remained steady, and the distance below A was measured with the 
sliding microscope. (Purther readings at other temperatures gave 
the corresponding densities, which it is hoped to communicate later.) 
The instrument was then weighed, the contents frozen, and the 
apparatus carefully broken open at S, any small fragments (which 
were only produced on one occasion) being retained. The contents 
were allowed to evaporate, the apparatus dried in a vacuum, and 
reweighed. A previous calibration with mercury gave the volume 
to the mark A and the volume per mm. of stem below the mark. 
Hence the density of the liquid could be calculated. The densities 
(g./c.c. at 0°) obtained by the two methods were as follows, the mean 
of all five determinations being 1-642. 

Balanced-column method : 1-622, 1-645. Pyknometer method : 
1-661, 1*639, 1-644. 

The surface tension was measured by capillary rise, the mean of 
seven consistent experiments in different apparatus giving y)D = 
20-1. Combination of this with the density above gives the surface 
tension as 33T dynes/cm. at 0°, and hence the paraehor is 98-7 units. 

The data of King and Partington (loc. cit.) and cryoseopic measure- 
ments of Bray (Z, physikal. GJiem ., 1906, 54, 569) appear to indicate 
absence of association, and a determination in the present work of 
the Ramsay-Shields coefficient confirms this. (The experiments 
upon the surface tension, density, and other properties at lower 
temperatures will be published later.) The determined paraehor 
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may therefore be compared with the sum of the atomic parachors 
of the elements, viz,, 94*3, leaving a structural parachor of +4-4 units. 

On the assumption that all octets are completed, there are eleven 
possible electron distributions for chlorine dioxide. Of these, three 
do not yield readily calculable parachors, but are improbable on 
account of large polarities accumulated on single atoms ; five others 
are unlikely because they give large negative structural constants. 
The remaining three are shown below : 

— £ +1 —i -H ~*i +1 

(i.) Q~ CI= Q (ii.) ci— O—Q (IIL) ci— o=o 

2 Semlpolar double bonds — 3*2 Semipolar singlet — 12*4 Semipolar singlet — 12-4 

Non-polar singlet — 11-6 3-Membered ring + 17*0 Double bond -f 23-2 

3-Membered ring +17-0 * 

Structural const. + 4-6 Structural const. + 10*8 

Structural const. ......... +2*2 

On the assumption that formula (I) contains only one integral 
dipole, the structural parachor amounts to + 3*6 units. Formulae 
(I) and (II) therefore give the closest agreement with the observed 
value, and further work is now in hand to adduce other evidence 
for the structure of the dioxide and other halogen oxides. The 
structure (II) herein suggested appears somewhat novel, but accords 
quite well with the known reactions of the oxide. 

The work was carried out in the laboratory of Professor Baker, 
and thanks are due to him for his interest in it. 

Boyad Coixege of Science, 

South Kensington. [Received November 3 Oth, 1929.] 


IX . — The Chlorination of Anilides. Part VI. The 
Rates of N - Chlorination of Acetanilides and Aceto- 
benzylamides and the Effects of Substituents upon 
Side-chain Reactivity. 


By Gwyn Williams. 


In a previous paper (Orton, Soper, and Williams, J., 1928, 998) a 
method was described for measuring the rates of reaction of anilides 
with chlorine in aqueous acetic acid media and Wegscheider’s test 
was applied to show that W-chlorination and O-chlorination proceed 
simultaneously, so that, under these conditions, the reactions may 
be represented thus, 


Cla + Ar-NHAc 



ArNClAc + HOI 
Cl-(Ar-H)-NHAc + HCl 


The ratio k s [k a (where & N and Jc c are the velocity coefficients for 
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N- and O-chlorination respectively) is constant for each anilide 
throughout the reaction, but varies widely for different anilides, 
having the values 0*00873, 0*0548, 0-850, 10*40 for acetanilide and 
m-, p-, and o-chloroacetanilides respectively in 40% acetic acid, 
whilst #- chlorination predominates in nitroacetanilides and aceto- 
benzylamides with almost complete exclusion of simultaneous 
O-chlorination. The object of this paper is to consider the influence 
of the substituents N0 2 , Cl, and CH 3 upon the rates of these reactions, 
with special reference to the #- chlorination which takes place in 
40% acetic acid and aqueous media (Soper, J. Physical Chem 
1927, 31, 1192) but is absent under the conditions prevailing in 
other investigations of the rates of chlorination of anilides (Orton 
and King, J., .1911, 99, 1369; Orton and Bradfield, J., 1927, 986). 
The influence exerted by substituents in the* benzene nucleus upon 
side-chain reactivity is closely allied to the general problem of 
orientation, and the above substituents have been chosen so as to 
furnish a contrast in orienting activities, those of N0 2 and CH 3 
being opposed, whilst the action of Cl depends upon whether its 
ec tautomeric 55 or its “ inductive ” influence has the greater scope. 

Table I gives the results for 22 anilides. Each value is the average 
of three or more experiments * and the mean deviation from the 
mean is estimated, in general, at 2 — 3%; it is often less than 
this (see Orton, Soper, and Williams, loc. cit .) and never more than 
5%. Where no value is given for k c , nuclear chlorination is too slow 
in comparison with W-chlorination to be distinguished with certainty 
from accidental loss of chlorine. The figures in parentheses are sub- 
ject to qualifications discussed in the experimental section. 

Table I. 

Temp. 18° (± 0*02°). Medium, 40% acetic acid (6*90#). 


Acetanilide .... 

Substituent : 
o- NO s ...... 

m-N0 2 ... 

p-N0 2 

f2 ; 4-Di-NO 

o-Cl 

m-Cl... 

p- Cl 

2 : 4-Di-Cl 

o-CH s 

m-CH 3 ... 

2>-ch 3 





96 

11,000 

Acetobenzylamide. . . 
Substituent : 

550 

— 

o- no 2 

87 

— 

m-N0 2 

60 

— 

p-N0 2 

286 

28 

o-Cl 

172 

3,140 

m- Cl 

115 

135 

p-Ql 

504 



140 

1,390 


(150) 

(50,000) 


2540 

18,500 

p- cm 

Aceto- j3 -phenvletbvlamide .... 

Acetamide . 




t Chloroamine equilibrium unsuitably placed. 


&N- 

172 

16-1 

32-9 

27- 7 

28- 9 
63-5 
99 


(285) 

205 

(237) 


s - p - H ” gh “' B - Se - ,o ' 
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The electronic theory has recently been applied to the classification 
of benzene side-chain reactions (Ann. Reports , 1927, 1928) and, with 
certain reservations (see below), it may be used to interpret Table I, 
which illustrates the effects of substituents upon the speed of N - 
chlorination for a particular set of conditions . To this end, Table II 
has been constructed so as to investigate (a) how far the effects of 
substituents are consistent in a number of side-chain reactions; 
(b) whether, if consistency is found, it is such as to support the 
electronic schemes; (c) to determine whether A-chlorination finds 
a place in the scheme ; ( d ) to seek analogies in other reactions for 
certain peculiarities observed in ^-chlorination. 

Table II gives the effects of the substituents N0 2 , Cl, and CH 3 
upon 36 reactions, the rates for each reaction being calculated 
relative to that for the unsubstituted compound as unity. Only 
those reactions are included in which more than one substituent has 
been investigated. 

The electronic theory suggests that it should be possible to group 
side-chain reactions in two main classes accordingly as they are 
favoured by accession of electrons to the point of reaction or by 
recession from that point. The influence of CH 3 should be in the 
opposite sense to that of N0 2 and Cl (if its inductive influence is 
predominant), and superimposed on these general effects there should 
be alternating effects where the substituent can initiate covalency 
changes. Table II shows that a general measure of consistency 
exists in the effects of groups in accelerating or retarding side-chain 
reactions and that the reactions tabulated fall into two main groups ; 
19 are in Group A with the nitro-group accelerating and the methyl 
group retarding, and 12 are in Group B, in which the reverse holds. 
It has been observed in drawing up the table that other substituents 
fall into line with those tabulated, the same sharp contrast existing 
between those which are op - and those which are m-directing in the 
usual substitution reactions. Five reactions (Group C) cannot be 
allotted with certainty to either class. 

In the following scheme the alternating effects suggested by theory 
are compared with those observed : 

Group A. Group B. 

Agree- Agree- 

~NO a >H>-CH 3 . ment. -CH s >H>-NO a . merit. 
For -N0 2 m-<(o)p- 7 out of 9 m->(o)p- 7 out of 8 

For -CH 3 m->(o)p- 7 out of 9 m-<(o)p- 8 out of 9 

There are also many instances, not included in Table II, of alternat- 
ing effects in the expected sense when only one substituent has been 
investigated. In Group C of Table II, also, the alternating effects 
for a given substituent are generally as anticipated. It is seen in 
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Table II. 



o-NO a . 

m-H O a . 

3>-HO a . 

o-Cl. 

JW-C1. p-Cl. 

H. 

O m 

CH S . 

m- 

OH,. 

V~ 

OH,. 

Medium. 

Group A, 

5 • — 



1-8 

1*2 1-6 

1 


Small? 

Glacial acetic acid 

6 

■ 

3-01 





1 

— . 

— 

0-726 

Aq. acetone 

7 


1-85 





, 

1 

— 

. — 

0-917 

Aq. alcohol 

12 



17-2 

17*7 

3-44 

3-17 1-74 

1 

3-32 

— ' 

0-567 

Alcohol 

13 

Large 

1-37 

Large 

1-05 

1-00 1-03 

1 

0-389 

0-857 

0-953 

Water 

14 


1-70 


0-97 

1-03 0*96 

1 

0-222 

0-981 

0-972 

>» 

16 

_ 

11-7 



5-00 

1-40 1-59 

1 

0-962 

1-42 

0-713 

Alcohol 

IS 

S-20 

5-90 

3-45 

8-84 

6-09 7-78 

1 

(0-378 

0-485 

0-494) 

26 

1*08 

3-27 

2-4S 

1-16 

— 1-71 

1 

0-506 

1-01 

0-946 

Methyl alcohol 

27 

1-99 

S-S2 

4-07 

— 

— 1-16 

1 

0-089 

. — 

0-370 

„ „ 

28 

__ 



. ' 

1-13 

1-98 1-19 

1 

0-412 

0-465 

0-446 

„ „ 

29 


Yerv large 

2-89 

8-94 3-83 

1 

0-247 

0-746 

0-507 

Alcohol 

30 

5*71 

62-1 

104 

1-93 

7-41 4-83 

1 

— 

0-704 

0-467 

Aq. alcohol 

31 

— 

— 

7-19 

— 

— 2-55 

1 

— 

— 

0-917 

» 

32 





— 1-50 

1 





33 

8-00 

7-52 

9-80 

1-99 

— 2-02 

1 



— 

0*709 

,, 

35 

(0-554) 

5-61 

6-67 

0-518 

— 1-91 

1 

0-054 

0-797 

0-660 

Water 

37 






__ 

— 4-93 

1 

— 



0-518 

Alcohol 

38 

1-90 

. _ 

10-0 

— 

— 1-53 

1 

— 

— 

0-64 

isoPropyl alcohol 

Group B. 

1 5-73 

0-906 

0-625 

2-9S 

1-79 1-20 

1 

1*46 (1*56) 26*5 

40% Acetic acid 
Aq” alcohol 

2 

0-0936 

0-191 

0-161 

0-16S 

0-369 0-575 

1 

— 

— 

(1-66) 

3 

0*084 

0-090 

0-074 

0-35 

0-24 0-62 

1 

4-84 

i-39 : 

10-58 

4 

0-134 

0-152 

0-134 

0-392 

0-300 0-830 

1 

3-24 

1-15 

4-15 

8 

— 

0-064 

— 

— 

— 0-50 

1 

— 

— 

3-00 

Benzene 

11 





— 

0-0095 

0-045 0-42 

1 

2-86 

2-06 

18-76 

Alcohol 

15 

0-000455 0-00264 0-00623 

— 

— — 

1 

2-73 

2-91 

0-114 

Water 

17 

0-099. 

0-167 

0-122 

0-136 

0-196 0-173 

1 

0-189 

1-21 

2-09 

Alcohol 

19 

0-0356 

0-156 

0*0635 

0-507 

0-493 0-527 

1 

1-10 

1-25 

1-36 

„ 

20 

0-0466 

0-203 

0-100 

0-666 

0-573 0-560 

1 

1-04 

1-11 

1-35 , 


21 

— 

, — 

— 

0-476 

0-396 0-560 

1 

1-03 

1-15 

1-31 


S6 

— 

- , — 

— 

1-21 

0-63 1-05 

1 

2-89 

1-11 

2-26 

Water 

Group C. 

9 1-77 

€-93 

11-5 

1-46 

1-46 0-85 

1 

Large 1-46 

2-89 

Aq. acetone 

10 


— 

— ■ 

1*09 

1-38 1-95 

1 

2-53 

1-12 

1*58 

Alcohol 

24 

0-0654 

0-692 

0-610 

— 

— — 

1 

0-259 

1*10 

0*563 

n 

25 

0-050 

0-559 

0-673 


— . — 

1 

- -r- 

— . 

, — 

H 

34 

0-025S 

0-940 

1-13 

0-153 

— 0-959 

1 

0-105 

0-926 

0-844 

Water 
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the table that the effect of chlorine is in almost all reactions in the 
same sense as that of the nitro-group, its inductive influence thus 
predominating. Analysis of the superposed alternating effects shows 
that here the results are complex. It may be noted that there is 
little evidence in Table II for the occurrence of “ steric hindrance ” 
due to a single ortho-substituent, though there are indications in 
reactions in which a carbonyl group is involved (24 — 35 ; compare 
Olivier, Eec. trav. chim ., 1929, 48, 227). Another instance is recorded 
by Pfeiffer, Engelhardt, and Alfuss {Annalen, 1928, 467, 158) in the 
esterification of benzonitriles. 

In considering, now, the place to be taken by the results of 
Table I, we see that iV- chlorination of acetobenzylamides falls 
unequivocally into Group B. With acetanilides, the results are 
more complex. When the acetamido-group is directly attached to 
the nucleus it can act as a strong op -directing group, and, in fact, 
with acetanilide, N - chlorination comprises less than 1% of the total 
reaction. The allocation of .^-chlorination to Group B of Table II 
suggests that it is a reaction which is facilitated by flux of electrons 
towards the nitrogen, so that N- and O-chlorination are competing 
processes. Factors tending to obstruct the sharing of electrons 
between the nitrogen atom and the nucleus will assist N- as against 
O-cUorination ; thus acetobenzylamide is jV’-chlorinated twice as 
fast as acetanilide, and O-chlorinated at a negligible rate. The 
results show that in the acetanilides, the introduction of chlorine 
atoms into the nucleus also reduces the preponderance of O-chlorin- 
ation, an effect only partially offset in m-ehloroacetanilide by the 
mutual reinforcement of the op-directing activities of the two 
groups. Indeed, in the acetanilides, chlorine in all positions 
accelerates iV'-chlorination. This may be ascribed in the o- and p- 
eompounds to a dominant tautomeric influence by the halogen 
atom, but the result with the m-compound is unexpectedly high. 
At the same time, chlorine retards the reaction with the aceto- 
benzylamides in all positions without alternation, the inductive 
effect of the halogen atom presumably dominating the situation, 
c 2 
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owing to the methylene group's intervening between the nitrogen 
atom and the nucleus. The nitro-group depresses reactivity in 
both series, but, somewhat unexpectedly, far more effectively in the 
acetobenzylamides than in the acetanilides. The high value for 
o-nitroacetanilide is unexpected, as is also the extraordinarily high 
rate of reaction of aceto-p-toluidide. The p- methyl group produces 
no such effect in the acetobenzylamides, but it may be noted that it 
has marked effects in reactions 3, 11, and 15 of Table II. There 
seems to be no analogy in Table II for the special effect of the 
o-nitro-group, unless it be in reaction 35, where it appears to upset the 
normal reaction completely. (For 44 ortho-effects," compare also 
van Duin, Bee. trav. chim. } 1927, 46, 256; Kindler, Annalen , 1928, 
464, 278.) 

The view that A"- chlorination is a reaction favoured by factors 
tending to produce a crowding of electrons at the nitrogen atom is 
supported by the fact that the rates for acetamide, aceto-P-phenyl- 
ethylamide, acetobenzylamide, and acetanilide lie in a continuous 
decreasing series ; for the phenyl group acts as an “ electron sink ’’ 
towards the nitrogen atom, since (a) these substances are chlorinated 
or nitrated in positions op- to the nitrogen atoms, and (6) the 
approach of the phenyl group towards the nitrogen atom lowers the 
basic properties. Since i\ 7 - chlorination cannot proceed by the 
separation of an anion, it seems probable that the vital stage is 
the attraction of the positive component of an incipiently ionised 
chlorine molecule, much as in the process of nuclear chlorination. 

N uclear Chlorination . — Table I c ontains two new results for nuclear 
chlorination — those for w-chloroacetanilide, mentioned above, 
and for aceto-m-toluidide. The latter, as we should expect, is G- 
chlorinated far more rapidly than acetanilide. On the other hand, 
the high rate of (7- chlorination of the para-isomeride is another un- 
expected effect of the p-methyl group. This effect has been observed 
before, as is shown by Table III, which gives the relative values of k c 
in glacial acetic acid (Orton and King, loc. cit .), in 40% acetic acid, 
and also in water (Soper, 1927, loc. cit.). The figures in parentheses 
are the. values of h s jh c . 

Table III. 

Acetanilide. 


Medium. 

Abs. 

Bel. 

o-Cl. 

p- Cl. 

O-CH3. 

2>- ch 3 . 

Glacial acetic ... 

. 40 

1 

0-0018 

0-0053 

0-23 

1*93 

40% Acetic ... 

. 11,000 

1 

0-0025 

0-0123 

0*126 

1-68 



(0-0087) 

(10-4) 

(0-85) 

(0-101) 

(0-137) 

Water 

. 17,000 

1 

0-0026 

0-0124 



, 



(0-0076) 

(13-6) 

(0-91) 




Limitations of Solvents— It is to be noted in Table III that a 
parallelism in the values of k c exists in spite of the change in medium. 



WILLIAMS : THE CHLORINATION OF ANILIDES. PART VI. 43 

and also despite the intrusion of simultaneous A 7 - chlorination in 
the aqueous media. The change in solvent is, however, compara- 
tively slight, and it should also be observed that in all the reactions 
in Table II, the solvents are very similar , only one being non-polar. 
This fact limits the generality of the conclusions to be drawn from 
the experiments. The results shown in Tables I and II are based 
upon experiments in which a standard substance is made to react 
with a series of compounds having various substituents inserted 
at positions remote from the point of reaction ; a connexion is then 
traced between the changes in the reaction rate and the influence 
supposed to be exerted by the inserted groups upon the bond 
actually concerned in the reaction [e.g., compare Norris, Z. physiJcal. 
Ghem ., 1927, 130, 662; Norris et al ., J. Amer . Chem. Soc ., 1925 — 
1929). The electronic theory permits clearer definition since it 
ascribes the effects of substituents to their varying fi£ electron 
affinities, 5 ’ which modify electronic configurations at the reacting 
atom, and external physical evidence {e.g., from electric moments) 
is sometimes available as to the quality of the electron affinities. 
Consequently the process is now sometimes inverted, and the 
mechanism of a reaction is inferred from the effects of substituents 
on its speed (see above, also Ann. Reports , 1927, 1928). But these 
comparative experiments are usually made with solutions, wherein 
reaction velocity is notoriously susceptible to the influence of 
environment, the action of which may be specific to each reacting 
substance (Christiansen, Z. physiJcal. Chem., 1924, 113, 35; Mc- 
Combie, Scarborough, and Smith, J., 1927, 802; Norrish and 
Smith, J., 1928, 129 ; Richardson and Soper, J., 1929, 1873), 
Hence, although identical conditions of solvent, vessel, and tempera- 
ture are employed, so that the only variable is the constitution of 
one reactant, yet, owing to , variations of environmental influences 
with constitution, the resulting series of reaction rates may fail to 
register the effects of substituents upon the point of reaction in the 
molecule. Little information is available on the effect of changing 
the medium upon comparative rates of reaction of a series of com- 
pounds with a standard substance, but this view is supported by 
the fact that changes of solvent alter the order of the relative rates 
of reaction of benzyl chloride and its nitro-derivatives with tri- 
methylamine (McCombie, Scarborough, and Smith, loc. cit.), and 
similar effects were observed in other reactions by Berger (Rec. trav . 
chim., 1927, 46, 856), by Menschutkin {Z . physiJcal. Ghem., 1900,34, 
157), and by Blakey, McCombie, and Scarborough (J., 1928, 2863). 

On the other hand, it may happen that for a series of related 
substances, the effects of environment are sufficiently similar to 
justify drawing the desired inferences connecting the reaction rates 
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directly with, the influence of constitution upon reactivity (see 
Bradfield and Jones, J., 1928, 1006, 3073 ; also Hiickel, Ber., 1928, 
61, 1517 ; 1929, 62, 2040). Bearing in mind this possibility, 
together with (a) the inevitable variation in precision in the different 
nflasurements quoted in Table II, and (6) the possibility of un- 
suspected wall effects in certain cases (Bailey, J., 1928, 1204), the 
general measure of consistency observed in Table II suggests that 
the only positive conclusion which can be drawn from the available 
data is that comparative velocity measurements can be used as 
indications of the effects of substituents upon the point of reaction 
in the molecule when an assembly of reactions can be examined. 
Individual anomalies in particular reactions (such as those observed 
in JV'-chlorination) may be genuine effects of the substituent upon 
the position of attack in the molecule, or may, at least in part, be 
due to the imperfect separation of environmental factors as indicated 
in the f oregoing discussion. 

Experimental. 

Materials . — Acetanilides were prepared by acetylation of purified 
anilines, and repeatedly recrystallised from alcohol or dilute acetic 
acid. Aceto- ft-phenylethylamide (from the amine) and acetamide 
were purified by two distillations at 0*5 mm. Benzylamine and its 
monochlpro- and mononitro-substituted derivatives were made (as 
hydrochlorides) from the corresponding benzyl chlorides by the 
method of Ing and Manske (J., 1926, 2348), m-chlorobenzyl chloride 
being prepared by chlorination of m-chlorotoluene at its boiling point 
(Kenner and Witham, J., 1921, 119, 1460). The acetobenzylamides 
were obtained by acetylation of the benzylamine hydrochlorides by 
warming with excess of acetic anhydride and sodium acetate. In 
each case, the excess of acetic anhydride was hydrolysed with water, 
the solution made alkaline with potassium hydroxide, and the 
(partly precipitated) acetyl derivative extracted with chloroform 
and recrystallised several times, usually from alcohol or hot water. 
The following compounds could not be traced in the literature : 
Aceto-p-cMorobenzylamide, m. p. 109*5°, after crystallisation from 
hot water mntil of constant m. p. (Found : Cl, 19*1. C 9 H 10 ONC1 
requires Cl, 19*3%) ; acgto-m-chbrobmzylamide, m. p. 38°, purified 
by distillation at 0*5 mm. (Found : Cl, 19*0%). The low m. p. of 
the m-compound as compared with its isomerides is in accord with 
the rule for disubstituted benzenes {Ann, Reports, 1926, 144). (I 
am indebted to Messrs. W. 0. Jones, B.Se., and G. I. Davies, B.Sc., 
for the analyses.) 

p-Methylbenzylamine was made by reducing p-toluonitrile with 
sodium and alcohol,’ and the other materials required— reaction 
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medium, chlorine, etc. — were prepared as described by Orton, Soper, 
and Williams ( loc . tit.). 

Velocity Measurements. — The experimental method employed, the 
precautions taken, and the control experiments applied were those 
described previously, alternate portions of the reaction mixture 
being analysed at known time intervals (a) for chlorine by titration 
with N/5 00-sodium thiosulphate, and (b) for chloroamine by 
removal of chlorine with saturated aqueous p-cresol and subsequent 
titration. The initial concentrations of chlorine and of anilide were 
of the order 0*0005 — O-OOlOlf and 0*001 — 0-005AT respectively, and, 
as before, hydrochloric acid was always present in Q-01M concen- 
tration in order to suppress the hydrolysis of chlorine. In view of 
the more strongly basic character of the acetobenzylamides as 
compared with the acetanilides, it was considered advisable to test 
the effect of hydrogen chloride upon the rate of A-chlorination. 
With 0-01.M-, 0*05Jf-, and 0-IQM -hydrochloric acid present, the 
values of h ^ for acetobenzylamide were respectively 170, 176, and 
173, showing that there is no appreciable effect over this range of 
concentration. The heat of reaction was shown to be negligible* 

The velocity coefficients were calculated as before from the 
equations for a bimolecular reaction following two courses simul- 
taneously, The following experiment is typical of the results with 
benzylamides. 

Expt. 133. Aceto-m-nitrobenzylamide = 0*0041091f ; chlorine = 
0*00123 %M ; HC1 == 0-QIM ; thiosulphate = 0*949 X N /5 00. 

Time (mins.) 0 M0 3-10 5-00 5-90 * 8-10 10-20 13-40 15-10 

Titre (c.c.) ... 1*44 11-98 4-81 11-90 6-80 11-75 8-62 11-62 9*72 

From curves constructed with these figures, we have : 


Time. 

KI titre. 

:NC1 titre. 

Biff. 

Change, %. 

k. 

0 

12*08 

1-44 

10-64 

18*0 

— 

1-00 

12-03 

2-73 

9-30 

28-3 

35*3 

3*10 

11-93 

4*81 

7-12 

45*1 

35*0 

5-90 

11-83 

6-80 

5-03 

61*2 

35*4 

10-20 , 

11*71 

8-62 

3*09 

76-1 

35-2 

13*40 

11-62 

9-38 

2-24 

82-8 

34-5 


Mean 35*1 

Corrected value for = 33*5. 


In experiments such as the above, in which the fall in potassium 
iodide titre is slight and may be due partly or wholly to accidental 
loss of chlorine, no reliance can be placed on the result for Jc G ; 
is corrected for the fall of potassium iodide titre. Two methods of 
calculation are possible, on the assumptions (a) that the fall is due 
entirely to O-chlorination ; (6) that it is due entirely to accidental 
loss, in which case there is no corresponding consumption of 
anilide. As, however, the anilide is always present in large excess, 
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the two methods give results which do not differ greatly : in the 
above experiment, k N as calculated by method (6) lies between 
32*9 and 34*4. Method (a) has been used throughout, since G- 
chlorination does actually take place slowly with some of the anilides 
in question (unpublished work by Dr. B. Jones). 

The results in parentheses in Table I are provisional only. That 
for aceto-wi-toluidide is the mean of five experiments in which 
potassium iodide was added to the whole of the reaction mixture at a 
noted time, less than 0-1 min. after mixing. A trial of the method 
with acetanilide gave a result k G = 10,400 compared with the pre- 
vious value 11,000. The ratio Jc N jk c was found by a separate 
experiment (see Orton, Soper, and Williams, loc . tit. ; method for 
acetanilide). The value given for acetamide is the mean of three 
concordant experiments, but certain other experiments suggest 
that complications may arise in the reaction with this substance. 
The figure for aceto -£) -methylb enzy lamide is the mean of two experi- 
ments only and awaits confirmation. 

Measurements were also made with 2 : 4-dinitroacetanilide. One 
experiment is shown below . Zero time was about 1 min. after mixing. 

Expt. 145. 2 : 4-Dinitroacetanilide = 0 -00154212' ; chlorine = 

0*000623Jf ; HC1 == 0*01 IM ; thiosulphate = 0*972 x N/5 00. 

Time (mins.) 0 1-00 1*85 2-75 3-80 4*70 6*40 7*50 

Titre (c.c.) 6*30* 2*75 2*86 2*61 6-09* 2*87 2*76 5*81* 

The titres marked * were those with potassium iodide alone ; £>-cresol 
was used with the others. A-Chlorination evidently takes place 
rapidly until the ehloroamine concentration reaches a certain value, 
after which its titre remains constant, although there is still a large 
amount of free chlorine left. Moreover, the final ehloroamine 
titre was lowered by increasing the intial hydrogen chloride concen- 
tration. It thus appears that the ehloroamine equilibrium (Orton 
and Jones, J., 1909, 95, 1456), C 6 H 3 (N0 2 ) 2 *NHAc + Clg 
C 6 H 3 (N0 2 ) 2 \NC1 Ac + HC1, lies much further to the left in 40% 
acetic acid than with the other anilides examined. This observation 
with 2 : 4-dinitroacetanilide is in accord with the fact recorded by 
Soper and Smith (J., 1928, 138) that the introduction of a single 
nitro-group into the benzene nucleus greatly increases the hydrolysis 
constant of a ehloroamine. 

I wish to express my sincerest thanks to Professor K. J. P. Orton, 
F.B.S., and to Dr. F. 6. Soper for their most valuable advice and 
help. It is a pleasure, also, to acknowledge the assistance I have 
received by discussion with Dr. A. E. Bradfield. 

Uxivebsity College of North Wales, 

Bangor. [Received, November 21th, 1929.] 
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X . — The Dehydration of Copper Sulphate Pentahydrate. 

By William E. Garner and M. G. Tanner. 

Measurements of the rates of evaporation of water vapour from 
salt hydrates have usually been made by placing crystals of the 
hydrate in an atmosphere of air over a suitable dehydrating agent 
(compare Rae, J., 1916, 109, 1229; Crowther and Coutts, Proc. 
Roy. Soc ., 1924, 106, 215). Under such conditions, an induction 
period is frequently observed, due to the slow rate at which centres 
of dehydration are formed on the surface (Langmuir, J. Amer. Chem. 
Soc., 1916, 38, 2263). In such cases, the maximum rate of evapor- 
ation is not attained until the crystals have undergone considerable 
decomposition. Removal of the air increases the rate of evaporation, 
but the induction period is not thereby removed (compare Bruzs, 
Z. 'phy&i'kal. Chem., 1929, B , 3, 434). 

The haphazard formation of centres of dehydration on the surfaces 
of crystals leads to the formation of curved surfaces of evaporation, 
the areas of which, after a given time, are dependent on the number 
of centres formed, their position, and their time of origin. The 
area of the interface from which the water is liberated is thus 
dependent on chance, and is so uneven that it can neither be measured 
accurately nor evaluated. 

These difficulties can be avoided by employing large single 
crystals of known area which have been activated by rubbing with 
the product of the dehydration. For example, a crystal of the 
pentahydrate of copper sulphate, after being rubbed with the 
monohydrate and placed in a vacuum, forms innumerable centres 
all over its surface, and the interface which is ultimately formed 
between the pentahydrate and the monohydrate consists of a series 
of planes running parallel to the original surfaces of the crystal. 
This makes it easy to determine the area of the interface from the 
dimensions of the crystal and the weight of water which has been 
lost at any time from the beginning of the dehydration. Thus, 
values for the rate of evaporation from unit area of interface can 
be calculated. 

For an absolute measurement of rate of evaporation, it is clear 
that the water molecules must evaporate into a space from which 
return to the surface is impossible. Such an arrangement cannot 
readily be obtained in practice, but the rate of return can be made 
very small by using high vacua and suitably shaped containing 
vessels. An experimental arrangement is described below, which, 
as a result of many trials, has been found to be satisfactory for this 
purpose. 

From the temperature coefficient of the rate of evaporation, the 
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critical increment of the process of evaporation can be obtained* 
The significance of this energy is uncertain, unless the unit process 
to which it refers is known. There will be at least three possible 
rates to take into account — (1) the rate of loss of water at the inter- 
face CuS0 45 5H 2 0-CuS0 4 ,a;H 2 0, where x may be 3, 1, or 0, (2) the 
rate of diffusion of water vapour across the layer of dehydrated 
substance, which increases in thickness with time, and (3) the rate 
of evaporation of water from the external surface of the crystal. If 
(1) is the rate which determines the velocity of evaporation, then 
vjA, where v is the velocity and A the area of the interface at any 
time, will be constant throughout the whole process ; if (2) is 
important, then vjA should decrease as the crystal is dehydrated; 
and if (3) corresponds to the process measured, then the velocity of 
evaporation will be independent of the time. Experiment shows 
that vjA does not change very markedly with the thickness of the 
dehydrated layer, so that in the case of the pentahydrate of copper 
sulphate, the slowest process is the change occurring at the interface 
between the unchanged and the dehydrated substance. 

Experimental. 

Crystals of the pentahydrate of copper sulphate weighing 0-2 — 
0*5 g. were employed* These were grown slowly from small crystals 
at room temperature, and during growth, were turned over fre- 
quently. In the selection of these crystals, attention was paid to 
their freedom from defects, and those with numerous facets were 
rejected. Their thickness was measured by a micrometer screw 
gauge, and the other dimensions were measured by means of a Zeiss 
glass scale calibrated in 0*5 mm. The surfaces of these crystals 
were activated by 15 minutes 5 rubbing with copper sulphate 
monohydrate enmeshed in a piece of silk. 

The crystals of copper sulphate were suspended singly in the 
apparatus described below by means of four thin pieces of platinum 
wire attached to a quartz-fibre spring made after the manner of 
McBain (J". Amer , Chem. Soc 1926, 48, 690).* The quartz springs, 
made by; winding on a steel rod, were calibrated by measuring the 
elongation under known weights, a Wilson travelling microscope 
being used for this purpose* 

Apparatus . — -Several forms of apparatus were tried, in all of which 
the water was removed in a high vacuum by pumping the vapour 
through U -tubes immersed in liquid air. In the earlier forms, the 
water was pumped off below the crystal by one exit (Apparatus A), 

* This balance has been used by Hume and Colvin in a study of the decom- 
position of potassium hydrogen oxalate hemihydrate (Proc. Roy . Soc., 1929, 
A t 125, 642). 
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but in the later types, in order to prevent the return of water 
molecules to the crystal from above, it was removed by two exits, 
one above and the other below the crystal (apparatus C ; see Fig. 1). 
The bulb containing the crystal was placed in a constant-temperature 
oven in the earlier experiments, and surrounded by the vapour from 
a constant-boiling liquid in the later experiments. 

In Fig. 1, A is a Pyrex vessel, 5 cm. in diameter and 15 cm. long, 
in which the crystal is suspended. It was surrounded by the 
vapour from C or else by water at a constant temperature. The 
water vapour was withdrawn through wide tubing 2 cm. in diameter, 
and via the two U -tubes B immersed in liquid air. 


Fig. 1. 



A Hyvac pump and a mercury condensation pump were used in 
evacuation, and the pressures read on a McLeod gauge. The rates 
of evaporation were affected when there was a small leak of air into 
the apparatus, but no effect was observed if the pressure was kept 
lower than 1(H cm. 

The dehydrated crystals were found to consist of CuS0 4 ,H 2 0 
unless the experiment was unduly prolonged. The rate of loss of 
water from the monohydrate is very slow : even at 80°, a crystal 
originally weighing 0*339 g. (see Expt. I) lost only 0*00093 g. per 
hour after it had been converted into monohydrate. 

Partly dehydrated crystals show a core of unchanged hydrate, 
and the surfaces of this core run parallel to the surfaces of the 
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original crystal. The thicknesses of the dehydrated substance, 
CuS0 4 ,H 2 0, were practically the same on all faces.* This simplified 
the calculation of the change in the area of the interface with time. 

Area of Interface . — The boundaries of the areas of the faces of the 
crystal and of the area of its chief cross-section were first drawn on 
squared paper. On the same diagrams were drawn the boundaries 
of the faces and cross-section of the core of pentahydrate which 
remained at various stages in the dehydration : the stages chosen 
were those corresponding to definite thicknesses of the shell of mono- 
hydrate. From these diagrams, the areas of the interface and the 
volumes of the core for four stages in the process of dehydration 
were evaluated. This treatment gave the volume of unchanged 
pentahydrate and the area of interface for each of four values of the 
thickness of the shell of changed salt. The loss of water and the 
related values, the changes in length of the quartz spring corre- 
sponding to the areas of interface so calculated, are readily obtained 
from the volumes. The values of the area of interface were then 
plotted against decrease in length of the quartz spring. 

Experimental Results . 

The decrease in the length of spring depends on the weight of the 
crystal and the sensitivity of the spring ; on an average, it was about 
0*6 cm. Such a change could be measured to about 1 part in 600 
parts. The dehydration was in general followed until the penta- 
hydrate was completely converted into the monohydrate ; beyond 
this point, loss of water was very slow, and the crystal became dark. 
The decrease in length of spring, calculated from the original weight 
of the crystal, assuming that dehydration proceeds to monohydrate, 
was in two cases 0*602 and 0*374 cm. The observed values were 
0*604 and 0*370 cm., respectively. Typical curves of length of 
spring plotted against time are given in Fig. 2. The curve for 56° 
(Curve II) is curious in that, when 2 mols. of water had been lost, 
there was a marked decrease in the rate of evaporation (see later). 

The following results (Expts. I and II) were obtained with an 
early form of the apparatus in which water was removed by one 
exit only. The tables give the di m ensions of the crystals, the 
time in hours, f the decrease in length of the spring ( x ), the change 
in length of spring per hour ( dxjdt ), the area of the interface, A, 
and the velocity of dehydration, k, expressed as g. of water lost per 

* These were measured by breaking a partly dehydrated crystal and 
exa m i nin g the depth of penetration under the microscope. These depths 
were the same within 10%. 

t The first of the times given for each experiment includes that required to 
heat the crystal to the temperature of the experiment, and hence has little 
significance. 
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minute from unit area of interface. The total elongation given is 
the change in length of spring at the end of the dehydration to 
CuS0 4> H 2 0. 

Expt. I. Temp. = 36-5° ; weight = 0*339 g. ; area of crystal = 
2*40 cm. 2 ; thickness = 0*205 cm. ; sensitivity of spring = 
6*15 cm./g. ; total elongation = 0*60 cm. 


t 1 0*75 1*8 2*8 4-0 5*2 6*6 9*7 13*8 

a?, cm 0*05 0*10 0-15 0*20 0*25 0*30 0*40 0*50 

dxldt 0*050 0*048 0*046 0*042 0*038 0*036 0*030 0*023 

A, cm. 2 2*32 2*29 2*20 2*11 2*00 1*85 1*52 1*13 

h X 10 5 ... 5*8 5*7 5*7 5*4 5*2 5*3 5*3 5*5 


Fig. 2. 

Dehydration curves for CuSO^SB^O. 



The loss of water was measured up to a composition of CuS0 4 ,H 2 0, 
at which the rate of evaporation decreased abruptly to about 
0*0002 g. per hour. The extrapolated value for Tc at zero time is 
5*8 X 10~ 5 , and its value is practically constant throughout. 

Expt. II. Temp. == 36*5°; weight = 0*216 g. ; area of crystal = 
1*96 cm. 2 ; thickness = 0*144 cm. ; sensitivity = 6*15 cm,/g. ; 
total elongation = 0*35 cm. 


t 1*0 2*2 3*5 5*1 6*9 9*2 

a?, cm 0*05 0*10 0*15 0*20 0*25 0*30 

dx/dt 0*044 0*040 0*036 0*030 0*023 0*0175 

A, cm. 2 1*85 1*72 1*60 1*40 1*25 1-00 

* X 10 6 6*4 6*3 6*1 5*4 5*0 4-8 
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In Expt, II, the crystal was smaller than that in Expt. I, and it 
had a greater ratio of area to volume. The values of h decreased 
with time from 6-4 to 4-8 X 10 -5 g. /min. Similar decreases occurred 
in Expts. Ill and IV, and a drift is also observable in Expt. VII. 

Apparatus B. — The results given in Expt. Ill were obtained with 
an apparatus similar to that shown in Eig. 1, except that the 
constant temperature was obtained by placing the apparatus in an 
air thermostat. The water was removed both above and below the 
crystal, without, however, changing the magnitude of h appreciably. 

Expt. III. Temp. = 36-5° ; weight = 0*282 g. ; area of crystal = 
2*33 cm. 2 ; thickness = 0*150 cm. ; sensitivity = 6*91 cm./g. ; 
total elongation = 0*57 cm. 


t 1*6 3*1 5*2 7*6 9*2 10*8 

«,cm 0-1 0*2 ‘ 0-3 0-4 0*45 0-60 

dxjdt 0-063 0-054 0*046 0*036 0*030 0*024 

A, cm. 2 2*22 2*00 1*74 1*48 1*30 1*10 

h X 10 5 6*8 6-5 6*4 5*9 5*6 5*3 


Apparatus C. — A further change was then made in which the 
dehydration chamber was jacketed and the crystal maintained at 
constant temperature by the vapour of boiling ether. 

Expt. IV. Temp. = 35*1° ; weight = 0*479 g. ; area of crystal = 
3*10 cm. 2 ; thickness = 0*190 cm. ; sensitivity = 6*91 cm./g.; 
total elongation = 0*95 cm. 


t 1*25 2*5 4*1 5*8 7*7 9*9 12*4 15*4 

x, cm. 0*10 0-20 0*30 0*40 0-50 0-60 0-70 0*80 

dxjdt 0*076 0-070 0-062 0-055 0-049 0-042 0*037 0-033 

A , cm. 2 3-00 2-S5 2*7 2*52 2*32 2*15 1*95 1-75 

& X 10 s 6-1 5-9 5-5 5*3 5-1 4-7 4-6 4-6 


Expt. V. Temp. — 35*1° ; weight = 0*205 g, ; area of crystal = 
1*86 cm. 2 ; thickness = 0*1135 cm.; sensitivity = 10*52 cm./ 
g. ; total elongation = 0*60 cm. 


t 1*4 3*1 5*0 7*2 

x 9 cm 0*1 0*2 0*3 0*4 

dxjdt 0*060 0*057 0*050 0*0425 

A , cm. 2 1-75 1*60 1*47 1*35 

& X 10 5 5-5 5*7 5*4 5*3 


Expt. IV shows a very appreciable fall in the values of fe. In the 
calculation of the critical increment, it will therefore fee necessary 
to use the value for the velocity coefficient obtained by extrapolation 
back tp zero time. In Expt. V, with a much smaller crystal, the 
rates per unit area are practically constant. 

Experiments in the Neighbourhood of Boom Temperature . — At this 
temperature, the rate of evaporation is so slow that the dehydration 
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was not followed up to the monohydrate stage, so that there is not 
so large a drift in the values of 7c. 

Expt. VI. Temp. = 26*5° ; weight = 0-266 g. ; area of crystal = 


2*10 cm. 2 ; thickness = 0-134 cm.; sensitivity = 6*91 cm./g. 

t 1-1 2*8 4*6 6-6 8*6 10-8 

x> cm. 0*05 0*10 0*15 0*20 0*25 0*30 

dxldt 0*030 0*027 0*027 0*025 0*0245 0*0205 

A, cm. 2 2*05 2*00 1*90 1*84 1*73 1*62 

k X 10 s 3*5 3*3 3*5 3*3 3*4 3*1 

Expt. VII. Temp. = 21*5°; weight = 0-348 g. ; area of crystal = 
2*31 cm. 2 ; thickness = 0*156 cm.; sensitivity = 10-52 cm./g. 

t 1-5 2*0 2*5 3*5 4-0 6*5 8*0 

x, cm 0*068 0-084 0*103 0*140 0*153 0*230 0*270 

dxldt 0*040 0*037 0*035 0*034 0*031 0*030 0*028 

A 9 cm. 2 2*22 2*20 2*16 2*10 2*07 1*98 1*94 

k X 10 5 ... 2*9 2*7 2*6 2*6 2*4 2*4 2*3 

Expt. VIII. Temp. = 20*5° ; weight = 0*202 g. ; area of crystal = 
1*75 cm. 2 ; thickness = 0*106 cm. ; sensitivity = 10-52 cm./g. 

t .... 2*20 3*25 5*25 7-30 

a?, cm 0*075 0*10 0*15 0*20 

dx/dt 0*0265 0*0245 0*0245 0*024 

A, cm. 2 1*67 1*65 1*60 1*55 

k X 10 5 2*5 2*35 2*4 2*45 


Results at the Temperature of Boiling Carbon Disulphide, 46°. — 
Expts. IX, X, and XI were carried out at 46°. On account of the 
rapidity of the change, no measurements could be made of the rate 
in the very early stages of the dehydration. At this temperature, 
the values of h do not decrease with time in the manner found with 
some of the experiments at 36°. There was, however, evidence of 
an induction period. Only the early part of Expt. XI was 
satisfactory. 

Expt. IX. Temp. = 46-25° ; weight = 0*263 g. ; area of crystal = 
2*49 cm. 2 ; thickness = 0*111 cm.; sensitivity = 10*52 cm./g. ; 
total elongation = 0-85 cm. 


t 1*08 1*78. 2-8 3*6 4*8 5*7 

cm 0*15 ' 0*25 0*40 0*50 0*65 0*75 

dxjdt 0*140 0*149 0*138 0*123 0*119 0*102 

A, cm. 3 . 2*30 2*17 1*97 1*80 1*64 1*42 

h X 10 5 9*7 11*0 11*1 10*8 11*5 11*3 


Expt. X. Temp. = 46*0° ; weight = 0-325 g.; area of crystal == 
2*41 cm. 2 ; thickness = 0*152 cm. ; sensitivity = 10*52 cm./g.; 
total elongation = 0*99 cm. 


t 

Xy cm. 

dxjdt , 

Ay cm. 2 

k X lO 5 ... 


2*4 3*25 

0*25 0*35 

0*117 0*114 

2*12 2*00 

8*9 9*1 


4*1 5*1 

0*45 0*55 

0*109 0*102 

1*86 1*70 

9*4 9*6 


6*1 7*2 

0*65 0*75 

0*093 0-087 

1*60 1*45 

9*2 9*5 


8*4 9*0 

0*86 0*90 

0*085 0*071 

1*30 1*12 

10*3 10-0 
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Expt. XI. Temp. = 45*7° ; weight = 0*282 g. ; area of crystal = 
2*31 cm. 2 ; thickness = 0*143 cm.; sensitivity — 10*52 cm./g. 


t 10 2*5 3*5 

a, cm 0-118 0*307 0-417 

dxjdt 0-125 0*121 0-101 

A, cm. 2 2-14 1*91 1-79 

Is X 10 s 9-3 9*9 9-0 


Results at the Temperature of Boiling Acetone, 56°. — At this 
temperature also, the dehydration proceeds at a constant rate per 
unit area of interface, but there is a curious difference between the 
dehydration at this temperature and that at lower temperatures 
(see Pig. 2). A break occurs on the dehydration curve at the 
composition CuS0 4 ,3H 2 0, and if the crystal is broken at this stage, 
there is no core of pentahydrate. The interface thus moves into the 
crystal at a relatively faster rate than is the case for experiments at 
lower temperatures, since only 2 mols. of water are lost instead of 4. 
The dehydration of CuS0 4 ,3H 2 0 proceeds slowly, and after partial 
dehydration to CuS0 4 ,H 2 0, the crystal shows a more amorphous 
structure than when it has been dehydrated to CuS0 4 ,H 2 0 directly. 
In the latter case, the pseudomorph breaks along the old cleavage 
planes of the crystal, but crystals dehydrated at 56° do not show 
this feature when broken. 

Expt. XII. Temp. = 56*0° ; weight = 0*423 g. ; area of crystal = 
2*57 cm. 2 ; thickness = 0*180 cm. ; sensitivity = 10*52 cm./g. ; 
elongation at break = 0*65 cm. 


t 

1*0 

1*45 

1*95 

2*55 

x, cm 

0*25 

0*35 

0-45 

0*55 

dxjdt 

0-236 

0-231 

0*183 

0*163 

A, cm. 2 

2*12 

1-85 

1-64 

1*40 

ifc x io 5 

17*7 

19-8 

17-8' 

18*4 


Expt. XIII. Temp. = 55*85° ; weight = 0*325 g. ; area of crystal = 
2*31 cm. 2 ; thickness = 0*145 cm. ; sensitivity = .10*52 cm./g. ; 
elongation at break = 0*48 cm. 


t . 0-75 1*25 1*75 

sc, cm 0-1S0 0*290 0*390 

dxjdt 0-226 0*208 0*374 

A, cm, 2 2-00 1*75 1*49 

h X 10 5 18*0 18*9 18*5 


Expt. XIV. Temp. = 56°; weight = 0*249 g. ; area of crystal = 
2*26 cm. 2 ; thickness = 0*206 cm. ; sensitivity = 10*52 cm./g. ; 
elongation at break = 0*56 cm. 


t 1*0 2*0 2-5 3*0 

a;, cm. 0*252 0-392 0*460 0*518 

dxjdt 0*180 0*133 0*126 * 0*103 

A, cm. 2 1*77 1*36 1*16 0*93 

h X 10 5 16*1 15*5 17*3 17*6 
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The dehydration of CuS0 4 ,3H 2 0 occurs at the following rates : 
For Expt. XII, 0-0022 g./hour ; for XIII, 0*0019 g./hour ; and for 
XIV, 0-0021 g./hour. 

Temperature Coefficient of the Dehydration . — The following table 
gives the rates of evaporation per unit area. Where the rates show 
a drift, the value for zero time has been taken, but where there is 
evidence of an induction period, this has been ignored in the 
evaluation of k. 


Temp 

k x 10 s ... 


20-5° 

21-5° 

26*5° 

35-1° 

36*5° 

46-0° 

56*0' 

2-55 

3-0 

3-5 

5-8 

5-8 

9-4 

16*8 




6*3 

6-4 

9-7 

18*4 





6-8 

11-1 

18*4 


Fig. 3. 


Temperature coefficient of rate of dehydration of CuSO^SFLjO. 



The values of log k are plotted against the reciprocal of absolute 
temperature (l/T) in Fig. 3, and the values at 56-0° lie on the same 
straight line as those for the other temperatures. The value for 
the critical increment is 10,300 * calories, and the value of p. calcu- 
lated from this is 2*77, which corresponds to one of the vibration 
frequencies of the water molecule/ 


Discussion. 

Any detailed discussion of the results can have but little value 
until further hydrates have been studied. The main features which 

* This critical increment is very much smaller than that found by Topley 
and Hume ( Proc . Boy. Soc., 1928, A , 120, 211) for the decomposition of 
CaC0 3 ,6H 2 0. 
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are of interest may, however, be examined. It is rather surprising 
that the rate of evaporation is so little affected by the thickness of 
the dehydrated salt. Experiment shows that there is a constant 
unidir ectional strea ming of molecules from unit area of the inter- 
face 01x804,51120-0x804, H 2 0 to the surface of the crystal. The 
structure of the material through which the molecules escape can 
only be guessed. Its nearest analogue is probably that of the 
structure of amorphous carbon. The molecules probably escape 
through capillary passages, the diameter of which is of the same 
order as that of the molecular diameter of water. Thus the move- 
ment occurs within the range of the attractive forces of the molecules 
forming the capillaries, and will thus correspond to that which 
occurs in an adsorbed gas film. There will be a pressure gradient 
in the adsorbed film which lies between the interface and the surface 
of the crystal. This is necessarily the case, since the molecules after 
leaving the interface expand from regions of small to regions of 
greater volume. The rate of return of water molecules to the 
interface will depend on the pressure exerted by the water molecules 
at the interface, just as in the case of a three-dimensional system, 
and this rate will be negligible only if the pressure in the neighbour- 
hood of the interface is negligible. It is unlikely that this is the case 
when the interface is covered by a layer of dehydrated substance, 
so that the constancy of the values of h may mean that the pressure 
in the neighbourhood of the interface is constant at constant tem- 
perature and independent of the thickness of layer of dehydrated 
salt. Thus the values of h so far obtained may not be the true rates, 
and hence the temperature coefficient may not give the true critical 
increment of the dehydration process. Evidence for this view must 
be sought in measurements of the rate of evaporation in the very 
early stages of the dehydration of the crystal, when- the dehydrated 
layer is thin, and such measurements can be accurately made only 
at low temperatures. The curves obtained for 20° (compare curve 
IV, Eig. 2) are practically linear, but if the linear portion of the 
curves be extrapolated back to t = 0, they do not pass through the 
origin. The rate of dehydration over the first hour is much larger 
than the steady rate reached subsequently. 

.The change in the nature of the dehydration phenomena which 
occurs between 46° and 56° also provides an indication that the 
constant rates are not true rates. At 56° the dehydration product 
is the trihydrate, whereas at 46° it is the monohydrate. This 
behaviour can be explained in terms of the pressure of the water 
molecules in the surface gas fil m of the dehydrated layers. As the 
temperature rises, this pressure increases until it may become 
greater than the equilibrium pressure of water over the trihydrate. 
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Since at 56°, this hydrate is not dehydrated until the whole of the 
pentahydrate has disappeared, it is evident that the surface pressures 
in the dehydrated layers must be greater than the dissociation pres- 
sure of the trihydrate. If such pressures prevail, then the possibility 
of return of water molecules to the interface is always present. 

The slow rates of dehydration of the monohydrate and the tri- 
hydrate are also of interest. The trihydrate on dehydration does 
not give a visible interface similar to that obtained when the penta- 
hydrate is dehydrated. Evaporation appears to proceed from the 
whole of the internal surface of the pseudomorph. The movement 
of the water molecules may therefore be restricted by the production 
of discontinuities in the internal surface of the dehydrated substance. 

Summary . 

The rates of dehydration of single crystals of CuS0 4 ,5H 2 0 have 
been measured in a vacuum over a range of temperatures from 20° 
to 56°. Crystals of known weight and area were activated by 
rubbing with the powder of the monohydrate. Such crystals after 
partial dehydration gave a core of pentahydrate, the surfaces of 
which ran parallel to the original surfaces of the crystal. The rate 
of loss of water divided by the area of the interface between the 
pentahydrate and the dehydrated product was practically constant 
for the higher temperatures, but in some experiments at the lower 
temperatures, the velocity coefficient decreased as dehydration 
proceeded. 

Below 46° the dehydrated product was the monohydrate, which 
remains in the form of a pseudomorph which loses water very slowly. 
At 56°, the first product of the dehydration is the trihydrate, which 
does not decompose until all of the pentahydrate has disappeared. 
The trihydrate then slowly gives up its water at a constant rate, 

A straight line is obtained by plotting log k against the reciprocal 
of the absolute temperature, k being the velocity coefficient per unit 
area of interface. The critical increment of the process is 10,300 
calories, and \l = 2-77, which corresponds to one of the vibration 
frequencies of the water molecule. 

It is concluded that the rates measured may not be the true rates 
of evaporation, and that the critical increment may not be the true 
value for the unit process which occurs at the interface. 

Our thanks are due to Imperial Chemical Industries Ltd. for a 
grant for the purchase of apparatus, 

The University, Bristol. [Received, November I Sth, 1929.] 
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XI. — Low-temperature Oxidation . Part II. The 

Ignition of Some Hydrocarbons in Oxygen. 

By John Stanley Lewis. 

It is now generally recognised that paraffin hydrocarbons react 
readily with oxygen at comparatively low temperatures. The 
temperatures at which rapid oxidation sets in during the slow 
heating of mixtures of hydrocarbons and oxygen in glass bulbs 
have been investigated by the author, and some of the conditions 
noted (J., 1927, 1555; 1929, 759). In the pressure-temperature 
curves, peculiar increases of pressure occurred at points termed 
“ critical inflexion temperatures 55 ( G.I.T . ). The slope of the 
curve above the point of inflexion was influenced by factors such 
a is the rate of heating and the concentration of oxygen and hydro- 
carbon. This is accounted for by a variation in the velocity of the 
reactions ; increase in concentration caused a more rapid rise in 
pressure, but on the other hand, a faster rate of heating permitted 
less time for chemical action to proceed. 

The above experiments in slow heating of oxygen-hydrocarbon 
mixtures occasionally resulted in explosions, and since these 
occurred at temperatures near the C.I.T it was surmised that the 
chemical actions pertaining to the C.I.T. were closely connected 
with explosion or self -ignition temperatures of these mix tures, the 
main difference being one of velocity. The following work is an 
investigation of this relationship. . 

The various methods in use for the measurement of ignition 
temperatures give discordant results to such an extent that it has 
become necessary to introduce the qualifying term “ relative 
ignition temperatures ” (Mason and Wheeler, J., 1922, 121, 2079), 
for comparable values can only be obtained when important govern- 
ing factors (e.g. } material and surface area of the igniting vessel, 
volume of the chamber, concentration of reacting gases, pressure, 
etc.) are maintained constant. The current methods can be classi- 
fied as [a) crucible method, (5) dynamic tube method, (c) bomb 
method, and (<£) adiabatic compression of the mixture. The gradual 
heating of mixtures until explosion occurs does not appear to have 
been described. It is not suggested that the following method, 
though simple in design, can supersede any of the foregoing methods, 
but the results help to illustrate many well-established facts con- 
nected with ignition temperatures and the difficulties of obtaining 
even relative values. 
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Experimental. 

• 

The apparatus consisted simply of a cylindrical bulb (of 125 or 
225 c.c. capacity) of good soda glass fitted with a piece of glass 
tubing 3 long, the end of which was corrugated to enable a piece 
of rubber pressure tubing 4" long to be firmly attached ; the open 
end of the latter was closed by a stout clip before the mixture in the 
bulb was heated. The bulb was cleaned with chromic acid and 
water and dried in a hot air oven by a current of dry air. In an 
experiment, the cooled bulb was filled with oxygen, and the desired 
quantity of hydrocarbon was introduced in a small tube drawn off 
at one end to a sealed capillary, the rubber tubing then being closed 
with the clip. The capillary was broken when required by shaking 
the bulb. For experiments of a comparative nature, it is sufficient 
to measure out the hydrocarbon with a capillary pipette. A bulb of 
specified dimensions, and filled at atmospheric pressure, being used 
in a series of experiments, the mass of oxygen remains practically 
constant. 

The conditions requisite for the exploding of the hydrocarbon- 
oxygen mixtures by progressive heating are (a) sufficiently rapid 
rise in temperature, (b) adequate concentration of oxygen, and (c) 
a concentration of hydrocarbon above a certain minimum. At the 
temperature of explosion the rubber tubing is burst, and occasionally 
the bulb itself is shattered. The bulbs were therefore enclosed in a 
copper-gauze cage, and the observer was protected by a plate-glass 
shield. The explosion temperature is governed by many factors, 
of which the following have been studied. 

Concentration . — Other conditions remaining constant, an increase 
in concentration of a paraffin hydrocarbon tends to lower the ex- 
plosion temperature until a minimum is obtained. For dilute 
m ix tures, results were only reproducible to within 3° or 4° owing to 
difficulty in adjusting the rate of heating, and as a mean of a large 
number of experiments the curves in Fig. 1 were drawn; the 
minimum temperature, however, is correct to within 1°. The 
curves exhibit certain points of interest. 

(a) For a particular rate of heating, a minimum concentration is 
necessary to obtain an explosive action, and more dilute mixtures 
will not explode. This minimum increases rapidly with rise of 
molecular weight in the case of paraffins. Thus, with a 225 c.c. 
bulb and a rate of heating of just under 1° per min., concentrations 
of hexane below 10% failed to explode, but extensive oxidation had 
occurred, as revealed by analysis and by the fact that when the 
exeriment was repeated with a mercury manometer attachment, 
the pressure-temperature curve showed a well-defined O.I.2 7 . at 
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234 — 235°. Therefore, it is assumed that, although rapid oxidation 
had set in at this temperature, the conditions were not such as to 
give rise to ignition. For octane a concentration of at least 33% 
was necessary for explosion, whereas all concentrations of isodecane 
(diisoamyl) failed to ignite unless a greater rate of heating was 
employed. 

The foregoing affords a rough measure of the ease of oxidation of 
these hydrocarbons, and, in general, it seems that the minimum 
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percentage for ignition by this method increases with the instability 
towards oxygen. This applies also to unsaturated hydrocarbons, 
which will not explode except at high concentrations and rapid 
rates of heating, the hexylene minimum being much hig her than 
that for amylene. 

(b) The character of the explosion is controlled by the concen- 
tration of the original mixture. With rich mixtures a minimum 
explosion temperature obtains, but in the case of paraffin hydro- 
carbons the explosion is a mild one with a low note, often an absence 
of flame, and no carbon deposit — just sufficient pressure has been 
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suddenly generated to burst the rubber tubing. The residual gases 
in the bulb contain traces of carbon monoxide and dioxide, and the 
liquid condensed on the walls gives aldehydic reactions. It must 
be emphasised that the mixture is well outside the usual explosive 
range of hydrocarbons and in the neighbourhood of equimolecular 
concentrations. With a reduction in the hydrocarbon content, the 
violence of the explosion seems to increase until a maximum is 
reached when the ratio approaches that necessary for complete 
combustion. In such cases the explosions were sufficiently intense 
at times to shatter the glass bulb and were always accompanied by 
flame. 

(c) The fall of the curves to the minimum is not without signi- 
ficance. The lighter members of the series are more resistant to, 
or react more slowly with, oxygen; they can be heated well above 
the minimum ignition temperature, especially in dilute mixtures, 
and are less liable to pre-ignition in internal-combustion engines. 

Rate of Heating . — A more rapid rate of heating tends to raise the 
ignition temperature. The chemical reactions occurring at the 
C.I.T. are comparatively slow, and in the case of dilute mixtures 
may be insufficient to give rise to explosion. It will therefore be a 
simple matter to 44 superheat,” as it were, the mixture to a temper- 
ature above the ignition point obtained by a slower rate of heating, 
thereby accelerating the chemical action and causing an explosion 
which is far more violent than with the slower speed. An increase 
in the hydrocarbon ratio has an opposing effect because it increases 
the velocity of the reaction and tends to lower the explosion point. 
It will therefore be more difficult to 44 superheat ” rich mixtures 
above the ignition temperature. These facts are illustrated in Kg. 
1, where the variations of ignition temperatures are given for two 
widely different rates of heating and for various concentrations. 

The olefins, however, do not show this great rise of ignition 
temperature with speed of heating, and, moreover, because they 
are more readily oxidised, their minimum concentration for ignition 
is much higher than that of the corresponding paraffin. Thus, for 
all conditions tried with amylene, the explosion temperatures only 
varied between 240° and 244°, but even with rich mixtures violent 
explosions were obtained. 

A combination of the two factors already mentioned, viz., a high 
concentration of hydrocarbon and a slow rate of heating, must tend 
towards a minimum explosion temperature. These minima can be 
taken as relative ignition temperatures for many of the hydrocarbons, 
and Table I contains some results obtained by this method., They 
are of interest in that they are much lower than the ignition temper- 
atures; recorded in the literature, which have been obtained by 
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other methods, and also because they approximate to the <7.1. TVs 
of these hydrocarbons. 

Table I. 


Hydrocarbon. Minimum ignition temp. C.I.T. 

w-Pentane .. 255—257° 255° 

w-Hexane . 232—233 230 

n-Heptane 218—220 209 

n-Octane 203 — 204 197 

m>Decane (Dmoamyl) 210 — 

Amylene 241 — 242 240 

Trimethylethylene 243 — 244 — 

Methylethylethylene 251 — 252 — 

Hexylene 229 — 230 — 


The lowest ignition temperature obtained for tsodecane (210°) is 
higher than that of octane (204°). In order to bring about the ex- 
plosion of isodecane, which is very readily oxidised at 200°, it is 
essential that a high concentration be used and a rapid rate of 
heating, about 4 — 5° per min., otherwise the experiment fails. A 
strict comparison, therefore, can only, be made where equimolecular 
concentrations are subjected to the same rate of heating. Two 
bulbs containing octane and isodecane of about equal concentrations 
were very rapidly heated in the same bath with sufficient speed to 
explode them : the former ignited at 217° and the latter at 211°. 

Presumably there is no distinction between the C.I.T . of a mixture 
and the explosion temperature, except one of degree. The curves 
of Brunner and Eideal (J., 1928, 1162) for hexane-oxygen, main- 
tained at constant temperatures below the C.I.T . , terminate in a 
rapid rise in pressure. An examination of the curves (a), (6), and 
(e) (ibid., p. 1166) reveals the fact that the slope at the C.I.T. is 
more inclined to the vertical, and the angle with the vertical increases 
with the lowering of temperature. This is as one would expect, since 
the chemical changes involved decrease in velocity with lowered 
temperature. It might be reasoned that these changes can be 
accelerated by concentration, and thus explosive reactions might 
be obtained below the C.I.T. by keeping the gases at a constant 
temperature. A 50% hexane mixture in a 225 c.c. bulb was main- 
tained at a temperature just below the C.I.T. At 228° an explosion 
resulted, but lower temperatures failed to cause ignition. A weaker 
mixture, with 35% hexane and immersed in the same bath, also 
failed to explode. It may happen that the 50% mixture would 
explode at a still lower temperature if initially compressed, but it 
is not possible to attempt this in glass bulbs. 

Catalytic Actions . — Many investigations have been carried out 
upon the influence of surface and of positive and negative catalysts 
on ignition temperatures, but the results are frequently conflicting. 
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In comparison with metallic surfaces, it is usually stated that glass 
and silica surfaces have a very low activity on the oxidation of 
hydrocarbons, so that the result with a plain glass surface will be 
taken as a zero. This problem of catalytic action is so complex 
that the following experiments must be regarded as qualitative 
and introductory. The oxidation of these hydrocarbons proceeds 
in stages, and it is clear from what follows that the course of the 
reactions and the nature of the final products are dependent on the 
surface in contact with the reacting gases. 

(a) Powdered glass. The ignition point of paraffins is raised in 
all cases, the amount depending on the rate of heating and the 
concentration, but variation in the weight of glass between 0*2 and 
1-0 g. had little effect. In one set of experiments, the ignition 
point of octane was raised from 204° to 218° and that of hexane 
from 232° to 257°, but the differences diminish greatly with rich 
mixt ures and slower temperature rise. On the other hand, the 
ignition temperature of amylene underwent little change in the 
presence of powdered glass, but the violence of the explosion was 
considerably decreased. Powdered pumice behaves similarly. 

(b) Charcoal. The action of this catalyst is noteworthy in that- 
it affects paraffins and olefins in opposite directions, and the extent 
varies with the nature of the charcoal. The ignition temperature 
of paraffins was raised, whilst that of amylene was lowered con- 
siderably ; with wood charcoal (0*5 g.) which has been powdered,, 
sieved (60 mesh), and strongly heated in a covered crucible, and 
with the same rate of heating, 40% mixtures of the various hydro- 
carbons gave the following results : 


Hydrocarbon 

.... C 8 H 18 

c,H l8 

c«H u 

c 5 h 

Blank expt 

.... 205° 

220° 

233° 

240° 

Charcoal present 

.... 220 

249 

254 

210 


Amylene appears to vary more widely with different charcoals,, 
and explosions at 200°, 210°, and 227° were obtained with three 
samples. Decolorising charcoal failed to cause an explosion under 
any conditions of concentration and rate of heating, although the 
hydrocarbon was considerably oxidised. 

(c) Metals . Metals may have no effect on the ignition point, or 
may raise the temperature or even inhibit explosion in some instances,, 
according to the metal employed, extent and condition of the surface, 
concentration of hydrocarbon, and the speed of heating. 

(i) Silver. In one set of experiments the silver was deposited 
on the inside of the bulb, and in another set a strip of the metal 
was enclosed. The explosion temperatures were raised considerably 
in every case; thus, octane gave 204° (blank), 212° (silver coating),, 
and 214° (silver strip). 
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(ii) Platinum. The results were much as those for silver. Octane 
gave 205° (blank), 218° (strip), and 212° (coating), whilst hexane 
gave 232° (blank) and 249° (strip). 

(iii) Tin, Zinc, and Aluminium. There was no appreciable rise 
in explosion temperatures with 4" X strips of metal with freshly 
cleaned surfaces. All hydrocarbons in the presence of any one of 
them detonated within 0 — 2° of the blank. The metallic surfaces 
remained bright, and light yellow liquids condensed in the bulb on 
cooling. 

(iv) Lead. The temperature of ignition is considerably raised 
and explosion may even be inhibited. A 4" X strip of the 
metal was heated with 50% octane-oxygen at a rate of about 2° 
per min. No ignition occurred up to 275°, and examination of the 
bulb after cooling showed that the surface of the metal had been 
attacked, yielding a loose greyish powder easily rubbed off ; a dark 
brown viscous gum collected on the bottom of the bulb, but the 
walls remained clear. When opened under water, the bulb became 
about three-quarters filled with liquid, and qualitative examination 
denoted the presence of carbon dioxide and monoxide, a trace of 
oxygen, and a small remainder of combustible gases that burned 
with a non-luminous flame. 

(v) Copper. This metal also prevented the ignition of octane, 
but the appearance of the bulb was very different from that in 
which lead had been heated. A brownish skin was deposited over 
the whole surface of the glass, and the copper was only tarnished 
if it had not had a preliminary cleaning, but was blackened by a 
film of oxide if the surface had been freshly scraped. Opening the 
bulb under water gave a residue of gas appreciably more than in 
the experiments with lead, but it was qualitatively similar. 

The effect of these two metals diminishes with decrease in molecular 
weight of the hydrocarbon, and the ignition temperature of pentane 
was raised only 2° and that of hexane 7° by approximately the 
same srsed strips of metal. 

(vi) Iron. A 50% octane mixture was slowly heated with a strip 
of steel : a violent explosion occurred at 207 shattering the glass bulb . 
This was the first instance of such an event with this hydrocarbon, 
for under all other conditions the bulb remained intact. The surface 
of the steel remained bright. 

The results obtained in the foregoing experiments may be dis- 
counted because the metals are coated with oxide films at the temper- 
ate^ of explosions. As will be suggested later, the lag is a far 
more satisfactory measurement than the ignition temperature, and 
experiment^ are now in progress on the effect of metal surfaces and 
metallic oxides on the time of lag. 
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(d) Lead tetraethyl. The minimum explosion temperature was 
raised in every case, sometimes as much as 40°, depending on the 
concentration of lead tetraethyl (up to a maximum effect), the rate 
of heating, and the surface area of the glass in contact with the 
gases. The last factor was illustrated by heating 50% hexane- 
oxygen mixtures in a bulb with various proportions of powdered 
glass and lead tetraethyl, the rate of heating being the same in 
each experiment. In presence of 1 g. of powdered glass, the ignition 
temperature with a 0*9% lead tetraethyl solution in hexane was 
260°, and for 0*2 g. of the glass it was 274°. Again, a 0-25% solution 
of the lead compound raised the ignition temperature of hexane 
to 269° in the presence of 0*1 g. of powdered glass, but only to 240° 
with 1*0 g. It is apparent that the ratio of lead tetraethyl to 
powdered glass is a controlling factor in the rise of ignition temper- 
ature, the latter tending to inhibit the action of the lead compound. 

The effect of increasing concentration of lead tetraethyl on the 
explosion temperature of octane is shown in the following results. 

PbEt 4 , % 0 1 2 3 4 5 

Explosion temp 204° 230° 232° 23S° 239° 23S° 

Volume of Bidb . — Two bulbs of 125 c.c. and 225 c.c. capacity 
were filled with oxygen-hydrocarbon mixtures of as nearly as possible 
the same composition. They were connected by a piece of pressure 
tubing and heated in the same bath to about 160°, so that equalis- 
ation of pressure (and possibly also of concentration) w r as effected ; 
they were then separated by clamping the tubing at two points and 
cutting the rubber between the clamps . Both bulbs exploded within 
a few seconds of each other on further heating. 

Concentration of Oxygen . — It is usually stated that the ignition 
temperature as determined by the usual method is lower in oxygen 
than in air, but it must be stressed that other variables are intro- 
duced : when determinations are made with air, the oxygen, on 
account of its lower concentration, may be consumed before ex- 
plosion is possible; with pure oxygen, a higher concentration of 
hydrocarbon can be introduced, thereby reducing the explosion 
temperature to a minimum. When air was substituted for oxygen 
in the glass bulbs, the hydrocarbons could not be ignited by rapid 
heating in a bath, although this can be done when the rate of heating 
is much greater, as in the crucible methods, etc., or when the mixture 
is suddenly heated in a tube or bomb initially at a high temperature. 
An atmosphere of 50% oxygen-nitrogen failed to ignite a given 
weight of hexane heated at a rate of 3° per min., whereas with 75% 
oxygen content in the bulb originally, explosion took place at 247°. 
-On repeating the latter experiment and comparing it with a bulb 

D 
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containing pure oxygen and the same weight of hexane as a check, 
the latter exploded at 245°. Many such experiments with paraffins 
indicated that increase in oxygen content tends to lower the ignition 
temperature, but the effect is small compared with that of the 
hydrocarbon. Amylene, however, showed practically no change of 
ignition temperature when exploded in various concentrations of 
oxygen. The presence of nitrogen in the lowered concentrations 
may have some effect, but this has not been investigated. By 
making a fine slit in the rubber tubing attached to the bulbs, the 
pressure inside is maintained at atmospheric pressure, but the con- 
centration of both reactants is diminished, and this would be ex- 
pected to raise the ignition temperature. This was found to be the 
case, except that a more rapid heating is necessary to cause ex- 
plosion ; thus, hexane exploded at 256°, These results were more 
comparable with those obtained by the crucible method, and some 
experiments of the latter kind were carried out in test tubes, the 
effect of the same factors being investigated. 

Test-tube Experiments. — Air, The tubes were almost wholly 
immersed in an oil-bath at the required temperature, and drops of 
the liquid were allowed to fall into them from a capillary tube, the 
quantity being varied until lowest ignition was obtained. Experi- 
ments with closed and open mouths proved that the former gave 
much lower ignition temperatures with air and oxygen. Thus, in 
a 7" x 1" test-tube the minimum ignition temperature in air for 
octane was 225 — -226°, and 214° when a tightly fitting lid was 
applied — the mouth of the test-tube was ground down to a level 
surface and the lid smeared with plasticine to make it air-tight. 
Various numbers of drops of octane were introduced at decreasing 
temperatures until no signs of ignition or rapid oxidation occurred. 
Between each trial the residual gases in the tube were blown out 
and any signs of carbon deposit removed. Ether was found to 
ignite at 183—184° by such a method in a 7" X 1" tube. For the 
final tests, it is essential that freshly cleaned tubes be used each 
time in order to obtain the lowest ignition point. 

These experiments are noteworthy since they emphasise the facts 
that there is no line of demarcation between the rapid oxidation 
temperature and the ignition point, and that the time of lag can be 
much longer than is generally supposed. At temperatures well 
above the ignition point, the lag is comparatively short, and the 
flame and characteristic sound of explosion well defined, but as the 
temperature is lowered these become less definite and the time for 
their appearance much longer. By using the covered-tube method, 
the author obtained lags of over 500 secs, on many occasions with 
rich mixtures of hydrocarbons dropped into oxygen. Under such 
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conditions no explosion sound can be heard, but a slight puff which 
pushes up the lid slowly, and furthermore, there is no apparent 
flame. 

The diameter of the test tube is also an important factor, although 
beyond 7" the length had no appreciable effect. With the 7" tubes, 
the ignition point was at first lowered with increased diameter but 
was subsequently raised with still wider tubes, although the con- 
centration of hydrocarbon was increased proportionately, thus : 

Ignition temp, in air for 


Diameter. 

octane. 

hexane. 

0*75 

221° 

271° 

1-00 

214 

265 

1*25 

216 

268 

1*50 

219 

269 


Oxygen . Ignition temperatures in oxygen are lower than in air ; 
thus, for a 7" X 1" tube, the following results were obtained. 


Hydrocarbon C 6 H 12 

Temp, in air ; 305° 

„ oxygen 295° 


C fi H 14 C 7 H 1g c 8 h 18 c 6 h 10 

265° 247° 214° — - 

248° 235° 207° 270° 


Powdered glass and pumice. The ignition temperature is raised, 
depending on the weight of powder, up to a maximum on the 
molecular weight of the hydrocarbon (or, more correctly, its ease of 
oxidation). Thus, the increase for the same weight of pumice is 
more for octane than for hexane. 

Charcoal . The temperature of paraffin hydrocarbon ignition in 
oxygen is raised ; thus in 7" X 1" tubes, 0*2 g. of charcoal required 
a temperature of 221° to ignite octane and 254° for hexane. Amylene 
exploded in oxygen alone at 270°, but at 268° in the presence of 
charcoal. The concentration of amylene required to bring about 
explosion is always much higher than that of paraffins. 

Metals . These may be classified as (a) those having little effect, 
such as aluminium, tin, and zinc (see above), and (b) those promoting 
oxidation and raising the ignition temperature, such as platinum, 
copper, and lead, the effect being greater the lower the molecular 
weight. Interesting results were obtained with a copper test-tube 
6" x l", the inner surface of which had been cleaned and polished. 
The ignition temperature of octane in air was 223° at first, but after 
repeated experiments the readings were much higher, and even in 
oxygen the hydrocarbon would not ignite at 225° after such treat- 
ment. It is evident that deposits interfere with successive results, 
and the surface must be renewed for each experiment. When this 
was done, the original value of 223° was obtained. 

Lead tetraethyl. As in the previous experiments, the temperature 
of ignition was raised in all cases, e.#., hexane in air to 283° by a 
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1% concentration of the lead compound, the lag being nearly 300 
seconds. The addition of powdered glass or pumice reduces the 
ignition temperatures and the lag. The latter at 278° "was 250 
secs, for 0*2 g. of powdered pumice, but ignitions were obtained as 
low as 273° with 1*0 g. of pumice. 

Discussion. 

Mason and Wheeler (loc. cit.) have pointed out that when such 
mixtures as have been used in the foregoing experiments are 
gradually heated, the rate of combination of oxygen and hydro- 
carbon increases ; and so the heat evolved by the reaction raises the 
temperature of the products and unburnt gases above that of the 
external source of heat. There will be a tendency for the rate of 
reaction to increase until the whole of the hydrocarbon or oxygen is 
consumed. When, however, the initial temperature imparted to 
the walls of the vessel is sufficiently high, the rate of reaction will 
become so rapid as to produce flame. This statement is only 
partially true, and the above observations apply to experiments in 
which oxygen-methane mixtures were allowed to enter an evacuated 
silica bulb maintained at a comparatively high temperature, so 
that the mixture is heated much more rapidly than in the present 
experiments. The heat of the reaction at this high temperature 
cannot be dissipated as quickly and will undoubtedly be utilised in 
raising the temperature of the contained gases and hence the velocity 
of their reaction, which will become explosive. It is incorrect, 
however, to state that oxygen-hydrocarbon mixtures react with 
gradually increasing velocity with rise of temperature as suggested 
above, because the author (loc. cit.) has shown that there is a definite 
transition from slow chemical action to rapid action at a temperature 
which has been termed the C.I.T. , and Brunner and Rideal (he. cit.) 
have proved that for hexane-oxygen mixtures this rapid change 
may take place at still lower temperatures when the mixtures are 
maintained at constant temperatures for lengthy intervals. The 
transition from very slow oxidation to explosion is still far more 
abrupt when anti-oxidants are added, such as lead tetraethyl, which 
reduces the reaction considerably almost up to the temperature of 
explosion. Moreover, neither the “ lag ” interval nor the catalytic 
effects of promoters and inhibitors of oxidation receive a satisfactory 
explanation from the above statement. 

In order to account for such facts as the last, the theory of chain 
mechanism has recently been applied to the combustion of hydro- 
carbons, notably by Egerton and Gates (J. Inst. Pet. Tech., 1927, 
281; Nature , 1928, 121, 10) and also by Brunner and Rideal for 
hexane (he. cit.). The latter workers have measured the amounts 
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of peroxides or “ moloxides ” of hexane during the period of autoxid- 
ation, but the author believes that these peroxides are produced 
from the unsaturated hydrocarbon initially formed by primary 
dehydrogenation (see Part I; J., 1929, 759). Further, the fall in 
pressure noted by these authors for hexane-oxygen at 210° is not 
definitely proved to be a measure of the moloxide formation . Similar 
experiments have been repeated with silica and glass bulbs and the 
pressure drop in the former is appreciably less, indicating greater 
surface action with glass. The amount of gummy residue was 
larger in the glass bulb, and this would suggest that the fall in 
pressure is chiefly due to the formation of condensation products. 
In the case of unsaturated hydrocarbons, this fall of pressure is 
much more pronounced (see Part I) and leads to the conclusion that 
the chemical change involved is the same, although the velocity 
differs, being much greater for amylene. The primary dehydrogen- 
ation would therefore be a comparatively slow reaction, especially 
at first (see Part I), and probably takes place in the gaseous phase. 
This would account, in part at least, for the fact that metallic lead 
has no inhibiting action whilst lead tetraethyl vapour is particularly 
effective at this stage of the oxidation, if one could assume (in spite 
of some adverse opinions) that the vapour of lead resulting from the 
decomposition of the tetraethyl is the active component. It is also 
significant that this anti-oxygen does not inhibit the oxidation of 
amylene to the same extent as that of pentane. 

The successive stages in the combustion of paraffin hydrocarbons 
suggested by the author are : (a) primary dehydrogenation resulting 
in unsaturated hydrocarbons, ( b ) combination of the latter with 
oxygen to produce unstable peroxides, (c) decomposition of the 
peroxides per se to aldehydes, etc., which are further oxidised to 
water and oxides of carbon if the mixtures are rich in oxygen. 
The velocities of these step reactions probably vary widely in 
themselves and still more so in the presence of catalysts. According 
to the chain-reaction mechanism, then, when hydrocarbon-oxygen 
mixtures are slowly heated, as in the experiments of the author 
and of Brunner and Rideal, or during the “ lag ” interval present in 
the determination of auto-ignition temperatures, there will be an 
increase every moment of the active centres present due to one cause 
or another, and after a certain lapse of time, which may extend to 
several minutes as shown in the experimental part (autoxidation), 
they may be present in such concentration as to give rise to rapid 
pressure increase without flame or even to explosion. The reaction 
is exothermic, and when approximately equimolecular concentrations 
are used, the products are chiefly aldehydic, acid, or gummy, with 
very small proportions of the oxides of carbon and water. Ji there 
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is present a large excess of oxygen, the oxidation becomes far more 
violent and complete, owing to the liberation of heat in this initial 
reaction, which raises the temperature of the whole system and 
brings about the further oxidation of the peroxide decomposition 
products. 

An increase in concentration of hydrocarbon tends to reduce the 
auto-ignition temperature (see Mason and Wheeler, J., 1924, 125, 
1869), whereas the oxygen concentration produces a much smaller 
effect. These authors attribute this phenomenon to the fact that 
the component with the greater “ stopping power ” for radiant 
energy such as will “ activate ” it, increases the rate of reaction with 
the concentration. Or, according to the chain mechanism, the 
increase of hydrocarbon molecules is said to augment the number 
of chains formed in unit 'time and hence the number of active 
centres. The oxygen concentration lowers the ignition to a much 
smaller extent, as pointed out above. Moore (J. hist. Pet. Tech., 
1919, 186) added 70% of carbon dioxide to the oxygen, and, using a 
platinum crucible method, found an inappreciable difference in the 
ignition temperature of kerosene. White and Price (J., 1919, 115, 
1462) and Mason and Wheeler (loc. cit.) 3 using two different methods, 
obtained appreciable changes with variations in the air /fuel ratio ; 
they did not actually study the effect of oxygen concentration, since 
the mass of fuel was not maintained constant. The auto-ignition 
temperature, then, is a function of the concentration of hydro- 
carbon and, to a much smaller extent, of oxygen. If either or 
both of these are consumed during the pre-flame period, no ignition 
obtains. Insufficient active centres have been produced, or, in 
other words, the accumulation of peroxides has been too slow and 
one or the other of the reactants has disappeared before ignition 
occurs. Hence it will be necessary to raise the temperature of the 
mixture of similar composition in order to accelerate the formation 
of active centres in unit time, i.e., the autoxidation, and thus produce 
an explosion. The lag has been decreased. It should follow from 
the above view that the ignition temperature of a given mixture will 
be lowered by an increase in pressure, but very little work has been 
done on this subject. There is a possibility that the effect of in- 
creased concentration by pressure would be nullified at a lower 
temperature by the reduction in the rate of formation of reactive 
centres, so much so that these would be deactivated before explosion 
could occur; this would to a certain extent reduce the effect of 
increased pressure. 

The effect on the ignition temperature of various materials has 
received much consideration but results are at variance (Moore; 
White and Price, loco, c it.; Egerton and Gates, J. hist. Pet. Tech., 
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1927, 244) ; for paraffin hydrocarbons, however, the author proves 
that some metals, such as aluminium, tin, nickel, and zinc, have 
little if any effect upon the explosion temperature, whereas others, 
such as silver, iron, platinum, copper, and lead, raise the temper- 
ature of ignition and may even prevent the explosion. It is sug- 
gested that this is brought about by the removal of the peroxides on 
the surface of these metals, yielding aldehydes or their polymerised 
products (gums), the exact nature of the decomposition being 
determined by the temperature and the nature of the metal em- 
ployed. An increase in the number of chains broken in unit time 
may be said to have been taking place on the metallic surfaces. 
The same result is brought about by an increase in the surface of 
the glass in contact with the gas, which will account for the rise in 
explosion temperature occasioned by the presence of powdered glass 
and pumice, or the etching of the internal surface of the vessel. The 
action of carbon on the paraffins and olefins is noteworthy. To- 
wards the former it acts similarly to powdered glass and pumice in 
raising the ignition point. The powdered charcoal is a strong 
absorbent; it is also reputed to be a destroyer of peroxides, and 
since these are readily formed by olefins, the rate of oxidation and 
the heat evolution may be so rapid as to give rise to local ignition, 
which will account for the low ignition point of amylene at a char- 
coal surface. 

In the glass-bulb experiments, the difference in the ignition 
temperatures with change of volume from 125 c.c. of 225 c.c. was 
inappreciable probably owing to the high concentrations of oxygen 
and hydrocarbon. In closed glass tubes of various diameters, White 
and Price (loc. cit.) found that the temperature decreased at first and 
then increased with increasing diameter of the tube. The test- 
tube method indicated a similar result, but it is apparent that when 
narrow test-tubes are used the initial concentration of the reactants 
will be small and one or the other will be consumed before the desired 
concentration of active centres is attained. 

The results with lead tetraethyl confirm those of Egerton and 
Gates (J.In&t. Pet. Tech,, 1927, 244) and of Weerman {ibid., p. 300), 
but if, as the former point out, anti-knocks do influence the ignition 
temperatures, it will not follow that the converse is true, viz., that 
substances which raise the ignition temperatures of a fuel are anti- 
knocks (compare the action of carbon). The action of the above 
inhibitor in the presence of powdered glass or pumice is noteworthy. 
It has been shown that an increase in the surface thus produced 
tends to reduce the inhibitory action of the lead tetraethyl, probably 
owing to an increase in the rate of oxidation. It must be emphasised 
that the rises of ignition temperatures brought about by this reagent 
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are entirely different from the foregoing. Lead tetraethyl is a 
negative catalyst, or anti-oxygen, and delays or inhibits even the 
initial stage of oxidation, so that very little change occurs in the 
hydrocarbon at temperatures somewhat higher than the normal 
ignition point. On the other hand, lead and copper, powdered 
glass and pumice are promoters of oxidation by surface action and 
bring about the rise of temperature by a removal of a fraction of the 
products in one stage of the oxidation which give rise to the explosion. 

The spontaneous ignition temperatures are not related to the 
detonation characteristics of a fuel ; thus, the unsaturated hydro- 
carbons with less knocking tendencies have lower explosion temper- 
atures than the corresponding paraffins. Brown and Watkins ( J . 
Ind . Eng. Client , ., 1927, 19, 368) found that the ratio of the maximum 
rate of rise of pressure to the ignition temperature (absolute) gives 
a number which rises directly as the knocking quality of the fuel or 
inversely as Bicardo’s “ highest useful compression ratio ” 
(. H.U.G.R . ). The estimated H.U.C.R.’s of paraffins and aromatics 
agree fairly well with those practically determined, but no figures 
are given for unsaturated hydrocarbons. Since these have corre- 
spondingly lower ignition temperatures, it should follow that their 
maximum rate of rise of pressure is less than that of the corre- 
sponding paraffin, and the testing of this point would help to 
elucidate the problem. In order that fairly accurate results may be 
obtained for the above ratio, it is essential that the data for auto- 
ignition be fairly trustworthy. Oftentimes discrepancies are found 
in the published results, e.g., octane having a higher ignition temper- 
ature than heptane, and heptane than hexane. A similar result is 
shown for decane and octane above, but this is readily explained by 
the greater oxidisability of decane which is consumed at low 
temperatures on the surface of the glass, or, in terms of chain 
mechanism, the deactivation exceeds the rate of chain formation at 
the lower temperatures, so that it is difficult to make it explode by 
slow heating. A strict comparison with octane can only be made 
with equimoleeular concentrations of hydrocarbons, equal area and 
nature of surface, and equal rate of heating. Under such conditions, 
octane has been shown to ignite before decane, although the rate of 
heating required for the latter to explode is so rapid that the ignition 
temperature of octane is somewhat raised above its minimum* 
The anomalous results obtained by the crucible methods can be 
explained in a similar manner : the droplets may not have yielded 
equimoleeular concentrations, the rates of heating at the two 
temperatures are not the same, and at the temperature at which 
one might expect ignition, the hydrocarbon has been completely 
removed by flameless or surface combustion, especially when 



LEWIS : LOW-TEMPERATURE OXIDATION. PART II. 73 

platinum has been used and the drops have been small. Hence, 
one unhesitatingly concludes that the method of determining the 
relative ignitabilities by the measurement of the duration of the pre- 
flame period or 55 lag ” at a temperature higher than the ignition 
temperature is to be preferred to the “ crucible experiments. 
Some of the paraffins have been compared by Mason and Wheeler 
(J., 1924, 125, 1873) by this method. 

The view is prevalent that fuel droplets ignite more easily than 
the vapour, and this is attributed to the accumulation of peroxides 
in the liquid drops (Callendar, Engineering , 1927, 147). Since 
extremely low ignition temperatures can be obtained when the 
concentration of the hydrocarbon and oxygen is high, it is reason- 
able to suppose that the ignition of the droplets in the above experi- 
ments has been favoured by the richness of the vapour-oxygen 
atmosphere surrounding each liquid particle, thereby bringing 
about the conditions for the minimum ignition temperature. No 
significance can be attached to the fact that, when a fuel is sprayed 
or vaporised through a heated tube, the spray gives rise to a pro- 
fusion of peroxides whilst the vaporised mixture shows little 
effect. If peroxides are produced in one stage of the oxidation, 
this will probably be at the surface of the droplets where they 
would be absorbed by the comparatively cool liquid and thus pre- 
served. On the other hand, when vapour only is present, the 
peroxides would eventually come in contact with the heated walls 
of the tube, with resultant decomposition. 

Summary. 

A simple preliminary apparatus has been used to find the con- 
ditions and temperature of ignition of mixtures of some hydrocarbons 
and oxygen, and a mechanism of the reactions has been considered. 

Spontaneous ignition temperatures, as determined by the usual 
methods, are raised by materials, such as lead tetraethyl, which 
inhibit oxidation or reduce autoxidation, in that they diminish the 
number of fresh chains formed in unit time, whereas promoters of 
oxidation by surface action raise the temperature of ignition by 
removing one of the intermediate products, presumably peroxides, 
or alternatively, according to the chain mechanism theory, they 
increase the rate of deactivation. 

The disturbing factors in the determination of relative ignition 
temperatures are so numerous that the measurement of the u lag 55 
in the case of equimolecular concentrations at some point above the 
ignition temperature is to be preferred as a measure of the ignit- 
abilities of hydrocarbons. 

The explosion of hydrocarbons takes place in two stages : (a) the 
d 2 
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explosion of the products of autoxidation (peroxides or chain 
reactions, in which approximately equal number of molecules of 
oxygen and hydrocarbon participate), and (b) the combustion of the 
products of stage (a) in excess of oxygen to oxides of carbon and 
water. 

Royal Naval College, 

Greenwich, S.E.IO. [Received, October 29th, 1929.] 


XII . — The Hydrides of Boron . 

By Bertram Dillon Steele and James Edward Mills. 

The investigations of Stock and his collaborators ( Ber., 1912 ei seq.) 
have definitely shown the existence of a series of boron hydrides of a 
composition which is unexpected in view of the position of boron 
in the periodic classification and of the existence of tervalent alkyl 
compounds. The conclusions of Jones and Taylor (J., 1879 , 35, 41 ; 
1881 , 39, 213 ), Sabatier {Cornet, rend., 1891 , 112, 866 ), and Ramsay 
and Hatfield (P., 1901 , 17, 152 ) as to the existence of BH 3 are with- 
out sufficient experimental foundation, yet a doubt remains that 
the existence of the simpler hydrides might be established if the 
field of investigation were widened. All previous investigators 
have used magnesium boride, except Hoffmann (Chem.-Ztg., 1911 , 
35, 265 ), who showed that commercial iron and manganese borides, 
on reaction with acids, give boron hydrides, which he did not 
identify. In the case of carbon, different metallic carbides yield 
different types of hydrocarbons, and it was suspected that other 
metallic borides might not yield the same hydrides. The suspicion, 
however, has not been substantiated. 

Wohler and Deville (Ann. Ghim . Phys 1858 , 52, 63 ), using high 
temperatures, prepared borides of aluminium which are practically 
unreactive with acids, but, by using a method similar to that of 
Stock and Massenez (Ber., 1912 , 45, 3543 ) for the preparation of 
magnesium boride, we have prepared an aluminium boride which 
reacted with acids to give hydrogen containing boron hydride. 
The same method, with special precautions, led to the preparation 
of a cerium boride which reacted similarly. In both cases the yield 
of boron hydride is small, this being particularly so with the alumin- 
ium compound. The identify of our boron hydrides with those 
formed from magnesium boride has been definitely established in 
the case of gaseous B 4 H 10 , and although the results in the case of 
the liquid hydrides are not absolutely decisive, the indications are 
that they are also the same, namely, B 5 H 9 and B 6 Hio- 
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Experimeital. 

Preparation of the Aluminium Boride. — Pine aluminium powder 
(3 parts) and finely powdered boron oxide (1 part) were intimately 
mixed and fused in small quantities (8 — 10 g.) in an iron crucible 
over a large Meker burner. After 3 — 5 minutes' heating, a bright 
glow spread through the mass, and at this point the crucible was 
removed and quickly cooled by plunging its lower portion into 
water. The product was a greyish, very friable mass. 


Fig. 1. 



Preparation of the Cerium Boride. — Cerium metal powder (2J 
parts) and powdered boron oxide (1 part) were mixed, and very 
small quantities fused in a fairly rapid stream of hydrogen. (If 
large portions were used or if the stream of hydrogen was not rapid, 
reaction was so vigorous as to melt the bottom of the crucible.) 
The product, a hard black mass, was powdered in a percussion 
mortar. 

Generating Apparatus . — For the decomposition of the boride, 
phosphoric acid (d 1*4) at 75° was used. It appears to give better 
yields than hydrochloric acid, and although some phosphine is 
formed, this is more readily removed in fractionation than the 
hydrogen sulphide which results from the use of sulphuric acid. 
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The acid was placed in a 6-litre flask, and the aluminium or cerium 
boride in A (Pig. 1), which was closed at the top by a mercury seal 
through which passed a glass rod with a tapered grinding fitting 
into a constriction at B. By depressing this rod slightly, and either 
slowly revolving it or tapping A, the powder could be introduced 
into the acid at a suitable rate. D was a double-surface water- 
cooled condenser, and C x a condenser immersed in liquid ammonia. 
The liquid ammonia and finally phosphoric oxide remove water. 
C 2 was the main condenser immersed in liquid air, and containing 
cotton wool to prevent any boron hydride passing through as a 
fume or mist. C 3 was another liquid-air condenser, without cotton 
wool, and connected to a closed U-tube manometer. The issuing 
hydrogen bubbled out through mercury at E. The whole was con- 
nected to the mercury pump. Owing to the hardening action of 
the boron hydride on tap lubricant, taps were discarded in favour of 
either U-tube arrangements with greaseless gas valves (see Stock, 
Ber., 1914, 47, 3109), or simply U-tubes 80 cm. in length with 
mercury traps at the top, connected to a mercury reservoir. The 
positions of these tap substitutes are at Uj, U 2 , and U 3 . In case a 
larger quantity of gas than could be obtained from one charge 
of A was required, U 2 would be shut when the powder was ex- 
hausted, and the air pumped out through U x when fresh powder 
was introduced. 

The boron hydride condensed in C 2 , except some of the higher- 
boiling product, which condensed in the liquid ammonia. In no 
case did the issuing hydrogen burn with a green flame. When all 
the gas had been generated, U 2 was shut, the hydrogen pumped 
out, and the condensate transferred to the condenser without cotton 
wool, any boron hydride in the liquid ammonia being transferred 
also. A constriction at L was then sealed off, U 3 shut, and the glass 
tubing to the right of it cut and joined to the fractionating and 
analysing apparatus shown in Eig. 2, all the air being then pumped 
out. 

Fractionation and Analysis .— By blowing liquid air through 
pentane in a Dewar vessel, a range of temperature up to —120° 
could be attained, the temperature being measured by a standardised 
pentane thermometer. Eractionation was carried out at selected 
temperatures, the pressure shown by the manometer being read; 
U 3 was opened for a short interval, thus allowing passage to C 4 in 
liquid air, then closed again, and the manometer re-read, the process 
being repeated if necessary. The fraction thus removed and con- 
densed in C 4 was then analysed without interfering with the residue 
of the yield, U 3 being kept shut and C 3 replaced in liquid air. The 
liquid air was removed from C 4 , and the fraction allowed to vaporise 
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into the density bulb. Since we were dealing with small quantities, 
we condensed all the fraction in C 5 by liquid air, shut U 4 and U 5 , 
and then removed the liquid air. The pressure was read on the 
manometer, the tap to the density bulb shut, and the small amount 
of gas in the connecting tubes pumped out and collected. When 
the bulb was replaced after weighing and the air pumped out, the 
tap to the bulb was opened and the gas condensed by liquid air in 
C 7 , where it was reweighed. By removing the liquid air from under 
C 7 the gas was allowed to stream through a quartz tube Q, which 
was heated to redness. Unless the passage of the gas is very slow, 
decomposition is not complete. C 6 was kept in liquid air to collect 
undecomposed gas. The hydrogen was pumped out and its volume 
measured. Any undecomposed gas was then transferred by liquid 


Fig. 2. 



air back to C 7 , and the process repeated. Any solid boron hydride 
formed in the cooler part of the tube was decomposed by strong 
heating. Entire decomposition was assured. The deposited boron 
was estimated both by direct weighing and by titration as boric acid 
after oxidation by nitric acid. A further study of the composition 
was afforded by reaction with strong alkali solution, and then de- 
composition of any hypoborate formed by addition of excess of 
sulphuric acid ; for this purpose, in the case of B 4 H 10 an amount was 
pumped out and its volume measured, and in the case of the higher- 
boiling fractions an amount in C 7 was weighed. The reaction is 
-f- 3a;H 2 0 = tcHgBOg + ^(3^ -f- y)H 2 . 

The results leave no doubt as to the formation of B 4 H 10 from both 
the aluminium and the cerium compound. The results given by 
the liquid fractions are not quite so definite, but indicate B 5 H 9 
and B 6 H 10 . 
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Silicon hydrides, phosphine, and carbon dioxide are formed from 
the aluminium compound and phosphoric acid. Phosphine and 
carbon dioxide, but no silicon hydrides, are formed from the cerium 
compound. 

Results from Cerium Boride . — 280 G. of the boride and 4 litres of 
phosphoric acid were used. The earlier fractions proved on analysis 
to be mixtures of phosphine and carbon dioxide, with no trace of 
boron hydride. The hydride was first detected in a fraction at 
— 90°/<l mm. The fraction taken at —80° with a constant 
vapour pressure (about 1 mm.) gave the following results : 

Volume = 12 — 15 c.c. 

(a) Molecular weight, 52-5 (Calc, for B 4 H 10 , 54). ; 

(b) Decomposition by water : 1 vol. — 10*7 vols. (Calc., 
11 vols.). 

(c) Decomposition by heat : 4-5 c.c. (at 765 mm. and 22°) 
gave 22*3 c.c. of hydrogen (Calc., 22*5 c.c.) and a deposit of 
boron — (1) by weight = 8*5 mg., (2) by titration = 8*2 mg. 
(Calc., 8*3 mg.). 

The next fractionation, carried out at the temperature of liquid 
ammonia (—33°), gave 35 mg. of a liquid; the residue (about 
10 mg.) was not analysed. 

(a) Decomposition by water : 6*4 mg. gave 26*8 c.c. H a at 
JVT.P. (Calc. : For B 6 H 10 , 26*1 c.c.; for B 5 H 9 , 26*6 c.c. ; for 
B 4 H 10 , 28*9 c.c.). 

(5) Decomposition by heat : 28*7 mg. gave 24*6 rag. of boron 
and 45*5 c.c. or 4*1 mg. of hydrogen (Calc. : For B 4 H 10 , 23*4 mg. 
B, 5*3 mg. H 2 ; for B 5 H 9 , 24*7 mg. B, 4*0 mg. H 2 ; for B 6 H 10 , 
24*9 mg. B, 3*8 mg. H 2 ). 

This fraction probably contained some B 4 H 10 , and the analyses are 
probably those of a mixture of B 4 H 10 , B 5 H 9 , and B 6 H 10 — the B 4 H 10 
in small amount. 

Results from Aluminium Boride. — 800 G. of the boride were used. 
Early fractions contained no boron hydride. The fraction (about 
15 c.c.) at b.p. — 80°/l mm. gave : 

(a) Molecular weight, 55*05. 

(6) Decomposition by water : 1 vol. — > 10*8 vols. of H 2 . 

(c) „ „ heat : 1 vol. — ^ 5*05 vols. of H 2 . 

The next fraction was taken at — 60°. It was too small to: be 
analysed, but probably contained the last of the B 4 H 10 . 

Two fractions were taken at — 33° ; the first (10 mg.) was lost, 
but the second (20 mg.) gave a result agreeing very closely with 
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B 6 H 10 : 10*45 mg. gave 15*4 c.o. H 2 at N.T.P. and 9*0 mg. B (calc, 
for B 6 H 10 : 15*2 c.c. H 2 , 9*1 mg. B). 

In conclusion, the authors wish to express their thanks to the 
Trustees of the Commonwealth Science and Industry Endowment 
Fund for a grant which helped to defray the expenses of the research. 

The University of Queensland, 

Brisbane. [ Received , November IS th, 1929.] 


XIII . — Acid and Salt Effects in Catalysed Reactions . 
Part XXIII. The Catalytic Activity of Acid Salts 
with Reference to the Catalytic Effects produced by 
Potassium Hydrogen Oxalate in the Acetone-Iodine 
Reaction . 

By Harry Medforth Dawson and Jesse Eyre Smith. 

In two previous papers (Daw r son, Hoskins, and Smith, J., 1929, 
1884; Dawson and Smith, ibid., p. 2530) an account has been given 
of the catalytic effects associated with oxalic acid in the first and 
second stages of ionisation. The experimental 'work relates to the 
effects produced by mixtures of acid and salt represented respectively 
by cH 2 C 2 0 4 +.tKHC 2 0 4 and cKHC 2 0 4 + aK 2 C 2 0 4 , where c is con- 
stant and x is variable, and further, to the influence of inert salts 
on the primary and secondary ionisation of oxalic acid. The 
relations disclosed by these observations permit us to proceed to 
the detailed consideration of the catalytic properties of solutions 
of the binoxalate. 

The interesting problem presented by the catalytic activity of the 
acid salts of polybasic acids does not appear to have been subjected 
to systematic investigation, and the results of the present enquiry 
indicate that their behaviour cannot be explained in terms of any 
form of the simple hydrogen-ion theory. 

The hydrogen-ion concentration of solutions of an acid salt 
of the type MHA is given by 

[IT] - VKfK^X]f(K[ + [HA']) 
where JK^and K % are the mass-law constants for the first and second 
stages of dissociation of the acid H 2 A. This reduces to [H # ] = V K X K % 
if the concentration (c) of the acid salt is large compared with K x> 
and to [H*] = VK 2 {c — [H*]) if c is small in comparison with K v 
If K 2 is small the latter expression becomes [H*] == V K 2 c. In so far 
as the hydrogen ion is responsible for the catalytic effects in the 
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solutions of an acid salt, it may therefore be anticipated that the 
connexion between the reaction velocity and the concentration of the 
acid salt will depend on the relative magnitudes of c and K v 

The restricted solubility of the binoxalates imposes a rather low 
upper limit to the range of concentration of the solutions which may 
be used for the study of the catalytic effects. In pure aqueous 
solution, the range extends from about c = 0*01 to c = 0*3 mol. per 


Fig. 1. 



0*1 0*2 0*3 


c. 

Plot of reaction velocity against concentration. The full curve represents the 
experimental data and shows the deviations from linearity at low concentrations . 
The dotted curves show the variation of the partial velocities i-h, and v&o x >. 

litre, and since the mean value of K x for this series of solutions may 
be taken as 0*08, it follows that c is less than K x for the less con- 
centrated, and greater than K 1 for the more concentrated solutions 
of the series. This circumstance has a direct bearing on the relations 
which are shown by the measured reaction velocities. 

The observations were made at 25° with an acetone concentration 
of 20*0 e.e. per litre, and the usual procedure was followed in deter- 
mining the initial velocity. By plotting this against the concen- 
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tration, it is found (see Fig. 1) that the velocity varies almost 
linearly with the concentration when c>0-l, but that at lower 
concentrations dvfdc increases as c diminishes. 

In accordance with previous results, the specific reaction velocity 
may be represented by the equation 

v = Jc h [ H‘] + &h 30x [H 2 Ox] + Jfco* [HOx'] + Jc 0x ..[Ox"] . . (1) 

in which the concentrations of the various catalytic entities are 
given by 

[H-] = VK^ROFJK^ + [HOx']), [H 2 Ox] = [H‘][HOx']/Z ls 

[HOx'] = c - [H‘J - 2[H a Ox], and [Ox"] = [IT] + [H 2 Ox], 

The magnitude of the ionisation constants and of the catalytic 
coefficients varies with the nature and concentration of the ionic 
environment and such variations must be taken into account as far 
as possible in the application of equation (1). 

Since the binoxalate ion is neither catalytically nor chemically 
inert, it is not possible to determine the inert-salt effects peculiar 
to an atmosphere of potassium and binoxalate ions by the methods 
which are permissible in the case of solutions of salts which are both 
chemically and catalytically inert. In these circumstances it has 
been assumed that the values of K 1 and K 2 for the binoxalate 
solutions are the same as for the corresponding solutions of potassium 
chloride. For the latter it has been shown ( loc . tit.) by experiments 
relating to the first and second stages of ionisation that the values 
are given by _ 

log K x = 5-756 -f 0-42V# — 0*275# 
and log K 2 = 5*857 + 0-81 Vx — 0*39#, 

in which x , the total salt concentration, corresponds in the present 
paper with the molar concentration (c) of the binoxalate. 

With regard to the variations in the catalytic coefficients, it 
may be recalled that the available evidence would seem to show 
that the hydrogen ion is considerably more susceptible than other 
catalytic entities to changes in environment. The effects in question 
are specific in the sense that they depend on the nature of the ions 
in the solution, and as already pointed out, they cannot be deter** 
mined for a solution of potassium binoxalate. Since, however, the 
maximum salt concentration in our experiments is only 0*3 mol. 
per litre, it is permissible as a first approximation to assume that 
k-h is not affected by the presence of the binoxalate. In support 
of this procedure, it may be noted that the catalytic effect due to 
the hydrogen ion in the more concentrated solutions is only a small 
fraction of the total effect. The reaction velocities recorded in 
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Table I are therefore based on the following values for the various 
catalytic coefficients, viz., k h = 465 X 10 -6 , &h 8 ox — 210 X 10” 6 , 
Jc ROx , = 13-0 x 10- 6 , and Jc 0xf , = 1 X 10 -6 . The first column gives 
the concentration of the binoxalate ; the second, third, fourth, and 
fifth give the partial velocities due to the hydrogen ion, the undis- 
sociated oxalic acid, the binoxalate ion, and the oxalate ion respec- 
tively ; the sixth shows the calculated, and the seventh the observed 
velocity. 

Table I. 

Catalytic activity of aqueous solutions of potassium hydrogen 


c. 

Vh . 10 6 . 

VEiOx • 10 a . 

^HOx' .10®. 

t?Ox" . 10 6 . 

v . 10®. 
(calc.). 

v. 10 6 
(obs.). 

0-005 

0-270 

0-009 

0*056 

— 

0-335 

0-315 

0-01 

0*382 

0*025 

0-111 

0-001 

0-52 

0-49 

0-02 

0*535 

0*069 

0*235 

0-001 

0*84 

0-82 

0-04 

0-72 

0-175 

0*480 

0-002 

1-37 

1-37 

0-05 

0-79 

0-24 

0-60 

0-003 

1-63 

1-62 

0-08 

0*94 

0-44 

0*96 

0-004 

2-34 

2-32 

0-10 

1*02 

0*58 

1*20 

0-005 

2-80 

2-79 

0-15 

1-16 

0-97 

1-79 

0-007 

3-93 

3-88 

0-20 

1-27 

1-37 

2-39 

0-009 

5*04 

4-91 

0-25 

1*36 

1-79 

2-99 

0-011 

6-15 

5-90 

0-30 

1*43 

2-22 

3-59 

0-014 

7-25 

6-90 


The autoeatalytic effect of the hydriodic acid produced in the 
reaction sets a lower limit to the concentration of the binoxalate 
solutions for which the reaction velocity can be measured with 
accuracy. Within the available range of concentrations it is clear 
from the table that equation (1) affords a satisfactory account of the 
measured velocities. The systematic divergence at the higher 
concentrations suggests that the increase in K x and K 2 may not be 
so great for the binoxalate as for the corresponding chloride. 

By plotting the partial velocities against the concentration of the 
acid salt, it is found that u H ox' is a linear function of c, and v S)t0x very 
nearly so when c is greater than GT, whilst tends towards a 
maximum value. These relations are consistent with the fact that 
the experimental v-c curve is approximately linear for c>0T. The 
slope of this linear portion of the curve corresponds with dvjdc = 
20 X 10 -6 , and when extrapolated to c = 0, the line in question 
is found to cut the zero ordinate at about v — 0*8 X 10~ 6 , which, 
it may be noted, is nearly three times as great as the velocity at the 
smallest concentration. In connexion with this very considerable 
initial velocity which seems to be indicated by the linear portion 
of the experimental v-c curve, it may be recalled that the hydrogen- 
ion concentration approximates to the value [H‘] = VK 1 K 2 when 
c becomes large in comparison with K t . If this value of [H‘] is 
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combined with the stoicheiometric equation c = [H 2 0x] + [HOx'j + 
[Ox"] and the mass-action expressions 

K x = [H1HOx']/[H 2 Ox] and = [H*][Ox"]/[HOx'] 
we obtain 

[H 2 Ox] — c[H-] 2/([H-]2 + Jr x [H*] + K^K % ) = cVKll(VKl+2VK 2 ) 
[HOx 7 ] = c£’ 1 [H‘]/([H‘] 2 + KJK] + K^K 2 ) = cVKJiVK^VTQ 
and 

[Os"] = cKJQdWJ + KJE.^+K^) = cV^/(V^+2 VY 2 ) 

Putting VlQiV&l + 2VX) = y and VK^/(VKl + 2VTQ = 8, 
and substituting the values of [H*], [H 2 Ox], [HOx], and [Ox"] in 
equation (1), the latter becomes 

d — k h ^J -f* {(/^HjOs + &o*")y + ^hox 7 ■ S}c . . (2) 

according to which, apart from variations in K L and, K 2 , the v-c 
curve should be a straight line the slope of which is given by the 
value of (£h 2 ox + h x")y + &ho*' • Since y and $ are not greatly 
affected by the variations in K x and K 2) the slope may be deter- 
mined with some precision. If, for instance, we utilise the values 
of K x and K 2 which correspond with c = 0*2, namely, K x — 7-8 X 
I0“ 2 and K % = 14 x 10" 5 , then y = 0-039 and 8 = 0*93, and for 
(&h 2 ox + ^ox")y + &hox'S we obtain 20-3 x 10~ 6 , which agrees closely 
with the slope of the linear portion of the experimental curve. 

The term k^s/ K X K 2 in the above velocity equation obviously 
corresponds with the initial velocity which is indicated when the 
approximately linear v-c curve is extrapolated to c = 0. This 
curve is actually slightly concave to the c axis, which means that 
the slope of the tangent decreases and therefore that the intercept 
on the zero concentration ordinate increases as the value of c 
increases. This may be due in part to the circumstance that the 
hydrogen-ion concentration has not reached the value represented 
by within the range of the concentrations actually used, but 

it is also quite probably attributable in part to the increase in K x 
and j 5T 2 which occurs when the concentration increases. In any 
case, the velocity measurements are not accurate enough to permit 
of the determination of the variation of the intercept with the 
concentration of the binoxalate, and it must suffice to record the 
fact that linear extrapolation of the velocities for the higher con- 
centrations leads to a velocity for e = 0 which corresponds fairly 
closely with the magnitude K X K % . \ 
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To provide further support for the conclusions suggested by the 
data recorded in Table I, a parallel series of measurements has been 
made with solutions in which the ionic strength was kept constant 
at ^ = 0-3 by the addition of potassium chloride. This series is 
represented by cKHC 2 0 4 + (0*3 — c)KCl. In the application of 
equation (1) to these solutions, the constant values taken for and 
K 2 are those corresponding with 0-3ikf -potassium chloride, and the 
value of kh is assumed to be determined by the potassium chloride 
content of the solutions. The arrangement of Table II, in which the 
results are recorded, is exactly similar to Table I. 


Table II. 


Catalytic activity of potassium hydrogen oxalate in solutions of 
constant ionic strength (jx = 0*3). 


c. 

Vh . 10 6 , 

• 10 6 . 

VQOi' • 10®. 

VOx" . 10*. 

v. 10® 
(calc.). 

v. 10® 
(obs.). 

0*02 

0*74 

0*07 

0*23 

0*002 

1*04 

1*09 

0*04 

0*965 

0-185 

0*47 

0*003 

1*62 

1*67 

0*08 

1*19 

0*46 

0*95 

0*005 

2*60 

2-59 

0*10 

1*24 

0*60 

1*19 

0*005 

3*04 

3*05 

0*15 

1*34 

0*99 

1*79 

0*008 

4*13 

4*08 

0*20 

1*39 

1*39 

2*39 

0-0 10 

5-18 

4*99 

0*25 

1*42 

1-80 

2*98 

0*012 

6*21 

5-94 

0*30 

1*43 

2*22 

3*59 

0*014 

7*25 

6*90 


The v~c curve corresponding to the second series of observations 
is of the same general character as the curve for the chloride-free 
solutions and need not be discussed in detail. There is, of course, 
no suggestion that constancy of ionic strength affords conditions of 
ionic environment which entitle the results in Table II to be regarded 
as strictly comparable. The combined results for the two series 
afford, however, considerable justification for the belief that inert- 
salt effects, in so far as they have not been allowed for, are of very 
minor significance, and that equation (1) provides a satisfactory 
basis for the interpretation of the experimental data. 

Both sets of observation^ show that the connexion between the 
reaction velocity and the concentration of the acid salt varies with 
the latter. The connexion is approximately linear for the more 
concentrated solutions of the series. The hydrogen-ion concen- 
tration of these solutions varies within very narrow limits and the 
observed catalytic effects are mainly due to the binoxalate ion and 
the undissociated oxalic acid, the concentrations of which vary 
linearly with the total concentration of the acid salt. In the more 
dilute solutions, on the other hand, the dominant catalyst is the 
||||drogen ion, and as the concentration falls there is a gradual 
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approach to a condition in which the reaction velocity is essentially 
determined by the hydrogen-ion concentration. 

The results show conclusively that the catalytic activity of acid 
salts is in large measure due to the catalytic action of the acid ion 
(HA') and of the undissociated acid (H 2 A). 

The University, Leeds. [Beceived, November 192/i, 1929.] 


XIV . — The Routine Preparation of Conductivity 
Water. Part II. 

By John M. Stuart and Frank Wormwell. 

Nearly five years’ experience in the preparation of large quantities 
of conductivity water has shown the desirability of certain modi- 
fications in the still previously described (J., 1927, 2156). After 
about two years’ work, minute cracks developed where the narrowed 
portion of tube (d in Fig. 1 of that paper) joined the main condensing 
column, and, later, this column became constricted where it is held 
by a retort clamp just above the lower jacket. 

A modified design (Figs. 1 and 2 of present paper) has now been 
adopted. The tin condensing column C is placed vertically above 
the tinned-copper steam-trap to which it is connected by a copper 
tube A, tinned inside and flanged at each end. The top copper 
flange D is tin-soldered to the lower flanged end of this condensing 
column, the weight of which is carried on the steam trap B, Fig. 2. 
The joints of this, shown at S in Fig. 2, are silver-soldered. The 
trap itself is carried on vertical steel rods arranged as in the earlier 
still; the only damp required is one to steady the top of the con- 
densing column. 

The condensed water collects in a circular trough T, formed 
between a short length of tin tube and the inner wall of the con- 
densing column ; from this it flows along a short horizontal water- 
jacketed tin tube H, where it meets a stream of purified air from the 
tube K;, thence it passes through a glass condenser, the outlet of 
which is f orflqted into a horizontal T-piece, the lower tube of which is 
connected to the conductivity measuring cell. The arrangement 
permits a thermometer to be placed vertically in the water in the 
conductivity cell itself; this is desirable, for the temperature varies 
between about 17° and 25°, with appreciable effect on the con- 
ductivity. .... .V'V.,..' 

In the main condensing column there is a piece of pure she#||fer 
bent so as to break up the main column of steam rising 
ip from the trap, and ensnre ilts, thorough mi^nr^ ^th the' 
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stream of purified air from tube H. This tin was introduced when 
the still had only been run for a few days, the conductivity of the 
water being then about 0*15 X 10 -6 mho. Shortly afterwards a 
steady decrease in conductivity occurred, which may, however, 
have been the usual improvement due to the gradual washing, out of 
impurities from a newly erected still. 

All soldered joints in the condensing column are made with pure 
tin. Before finally fixing the condensing column in position it 


Fig. 1. Fig. 2. 



capfxr rube. 


should be washed out with carbon tetrachloride and thoroughly 
Steamed. The Weiland air-purification train originally used and 
iflustofaiM in Fig. 1 of the earlier paper was found to be inconvenient 
for continuous use owing to sticking taps. The form ci tr£te ( hbw 
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attire is that of the water in the cell, and k is its conductivity in 
gemmhos, corrected to 18°. 


Time. 

Temp. 

K. 

Time. 

Temp. 

K. 

Time. 

Temp. 

K. 

11.40 a.m. 

20-6° 

0*090 

1.10 p.m. 

22*1° 

0*057 

3.05 p.m. 

20*5° 

0*058 

11.47 

20*9 

0*067 

1.28 

21*6 

0*055 

3.27 

20*5 

0*060 

12.05 p.m. 

21*4 

0*064 

1.43 

21*5 

0*055 

3.50 

20.1 

0*062 

12.22 

21*9 

0*057 

2.03 

20*4 

0*056 

4.10 

21*4 

0*062 

12.40 

21*1 

0*057 

2.22 

21-3 

0*058 

4.30 

21*6 

0*063 

12.57 

21-8 

0*057 

2.43 

21.3 

0.058 





Total volume of conductivity water collected from 11.40 a.m. to 4.30 p.m. 
=; 4555 c.c. 

Total volume of water rejected at trap = 2300 c.c. 


The conductivities so far obtained are much the same as those of 
the older still when both are run simultaneously, but the latter 
occasionally gives very low values, e.g., 0*047 at 18°. Probably, after 
a few months’ use, the new still will give similar results — the best 
hitherto is k = 0*053 at 18°. 

The advantages claimed for the modified design are low cost, 
great strength and compactness, ease of erection and working, and 
durability. The actual still occupies a bench length of 110 cm. or, 
including the air-purification train, 2 m. It quickly gives good- 
quality water which, at its best is rather better than that from such 
stips as that of Bencovitch and Hotchkiss (J. Physical Chem ., 
1925. 29, 705). 

s: t . . ■ • • . • 

''^'"^W&tttHors' wish to thank Mr. R. May for advice on the con- 
struction of the still, and Professor G. T. Morgan for permission to 
publish the results. 

q^lMicAx. KBSSJABcn: Laboratoby, , , . . 

Tbjpdi^gtqn-, Middlesex. [Received, November 20th , 1929.] 


Interaction of Butyl Chloral Hydrate, arid 
%k-0Hihabgen~substiiuted.Phenylhydrazi7ie8. ; 


By Obatiaway , and. Hakby 

When butyl chloral hydrate reacts with phenylhydxazine, the 
hydrazone initially loxmed decomposes almost at ohce with such 
violence that the course of the reaction cannot easily be followed. 
When, however, a 2 : 4-dihalogen-substitut^l^phenylhydrazine is 
used, the decomposition proceeds more quietly:&M the final products 
can be isolated. As in the reactions between the halogen-substi^^] 
phenylhydrazines and ordinary ohloral ^jEfcarttaway * and 
1927, 2850; Chattaway and Baldy, J., 1928,. : 2750^;|i|®S^^Ml 
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products differ according to the nature of the solvent in which the 
reaction takes place. 

The first product of the interaction of butyl chloral hydrate and 
2 : 4-dichlorophenyIhydrazine hydrochloride in aqueous solution, is 
a viscous crimson mass which cannot be obtained in a condition 
suitable for analysis, since, from the moment of its formation, 
whether alone or in contact with a solvent, it continually evolves 
hydrogen chloride, yielding finally a well-crystallised substance of 
the composition C 10 H 8 N 2 C1 4 . This appears to have been formed 
from a molecule of butyl chloral and a molecule of 2 : 4-dichloro- 
phenylhydrazine by the e limin ation of a molecule of water and a 
molecule of hydrogen chloride : 

CeHgCVNH-NHg + CHO*C01 2 *CHClMe— > C 10 H 8 N 2 C1 4 + H 2 0+HC1 

When strongly reduced, it yields 2 : 4-dichloroaniline ; the halogen 
atom eliminated in the reaction must therefore have been one of 
those in the butyl chloral residue. Its pale yellow colour indicates 
that, unlike the compound formed in the corresponding reaction 
of, ordinary chloral, it has no azo-linkage in its molecule. It is 
unsaturated and combines directly with two atoms of bromine to 
give a colourless dt6ro?no-addition compound, C 10 HgN 2 Cl 4 Br 2 . With 
acetic anhydride it yields a colourless mtmoacetyl derivative, point- 
ing to the presence of a single imino-group in the molecule. This 
acetyl derivative is still unsaturated and gives on careful chlorin- 
ation a colourless dichloro-addition compound of the composition 
G l0 3 7 N 2 Gl 4 (CO*CH a )Cl 2 . 

These reactions appear to show that it is cc^-dicMorocrotonaldehyde- 
2 : 4:-dichlorophenylhydrazone (III) formed by the elimination of 
hydrogen chloride from the unstable butyl chloral 2 : 4-dichloro- 
phenyihydrazone (I) which is without doubt formed initially. 

As in the analogous reactions between halogen-substituted 
phenylhydrazdnes and chloral (see above), or diehloroacetaldehyde 
(Chattaway and Barinholt, this vol., p. 94), it seems probable that 
butyl chloral 2 : 4-dichlorophenylhydrazone also loses hydrogen 
chloride in a reversible manner to give a crimson azobutylene 
derivative of the constitution CgHgC^-NlN-CHIGCl-CHClMe, 2 :4-di- 
chlorober^seneazo-py-dichloro-A a -butylene (II). 

In virtue of its azo-structure this compound would be intensely 
red and, although it is not formed to an extent large enough to 
permit of its isolation, it nevertheless gives a deep crimson azo- 
viscid mass obtained in the early stage of the con- 

The couieb^ of the reaction where X = CgHgCl^S : 4) may be 
represented ae follows : 
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X-NH'NH 2 + - 

CHMeCl-CCl 2 -CHO 


Although ajS-dichloTOcrotonaldehyde-2 : 4-dichlorophenylhydr- 
azone (III) combines readily with two atoms of bromine at the 
ordinary temperature and without further substitution, a similar 
addition compound with chlorine cannot be obtained, since simul- 
taneous substitution always takes place. The final product of the 
chlorination is <xa$$<A-pentachlorobutalde1iyde-2 : 4 : 6 -tricTilorophenyl- 
hydrazone (IV), in which two atoms of chlorine have added on to 
the double bond, a third has entered the nucleus, and a fourth 
has displaced the methine hydrogen atom : 

G 6 H 3 Cl 2 -NH-N:CH-CCi:CClMe JSj. C 6 H 2 Cl 3 -NH-N:CCl-CCl 2 -CCl 2 Me 
(2:4)" (III.) (2:4:6) (IV.) 


. ' X*N2f£H- 
_CHMeCl*CCl 


^rX-NH-X.^H 1 
|_ CHMeCl*CCl a J " 

(I.) | (II.) 

X-NH-N^H + HC1 (III) 
CMeClICCl 


+HC1 


When butyl chloral hydrate and 2 : 4-dichlorophenylhydrazine 
hydrochloride react in alcohol or acetic acid, the reaction pursues 
a different course and a well-crystallised yellow compound (V) of 
the composition C 10 H 9 ON 2 C1 3 is ultimately obtained. This appears 
to have been derived from butyl chloral 2 : 4-dichlorophenylhydr- 
azone (I) by replacement of two atoms of chlorine by an atom of 
oxygen. When strongly reduced, it yields 2 : 4-dxchloroaniline ; 
the halogen atoms lost in the decomposition must therefore have 
been in the butyl chloral residue. Its yellow colour indicates that 
there is no azo-group in the molecule, and the presence of an imino- 
group is established by the formation of a colourless monobenzoyl 
derivative, C 10 H 8 6 n 2 C1 $ (CO*C 6 H 5 ). 

must therefore have the structure (3 -chloro-u-ketobutaldehyde- 
2 : 4^i<Morophenylhydrazone (V). When heated with a substituted 
phenylbydrazine in any alcoholic solution, it yields a sparingly 
soluble osazone (VI) in which the ketonic oxygen has been replaced 
by a hydrazine residue, and also the one- remaining chlorine atom 
in the aldehyderesidue has been simultaneously replaced by an 
alkoxy-group : . 


alcohol or rx-NH-NIOH T 
1 acetic acid L CHMea-C(OH)J 

x-m-mpH boh x-nh-nich . , 

. ' OHMeCl-00 x*nh*nh s ,hoi CHMe(Oft)-C:NdmX m | ^ 

When the reaction between butyl chloral hydrate 
chlorophenylhydrazine hydrochloride ...is- carried out in 
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alcohol, the latter reaction takes place so readily that the ketonie 
hydrazone (V) and the sparingly soluble methoxyl-osazone (VI) 
are formed together, but they may be separated by fractional 
crystallisation. 

Experimental 


The Action of 2 : 4z-Dichlorophenylhydrazine Hydrochloride on 
Butyl Chloral Hydrate in Water : Formation of a£- Dichbrocroton - 
aldehyde-2 : 4:-dichhrophenylhydrazone (III). — To 20 g. (1 mol.) of 
2 : 4-dichlorophenylhydrazine hydrochloride dissolved in 1000 c.c. 
of water at 75° acidified with 5 c.c. of concentrated hydrochloric 
acid, was added a solution of 18 g. (1 mol.) of butyl chloral hydrate 
and 13 g. of sodium acetate in 250 c.c. of water, also at 75°. The 
liquid immediately became turbid owing to the separation of 
yellow oily droplets, which turned first pink and then red, finally 
coalescing to form a viscous crimson mass. When cold, the super- 
natant liquid was decanted and the red viscous material was 
extracted with chloroform, in which it was readily soluble. The 
chloroform solution, after drying over calcium chloride, was kept 
at the ordinary temperature in an open dish for 4 days until the 
evolution of hydrogen cMoride, which had been continuous from 
the first, had apparently ceased. 4 's ; : ' 

The chloroform had then evaporated, leaving a semi-crystalline 
mass. The crystals were separated, washed free from viscous 
material with light petroleum, and recrystallised repeatedly from 
boiling alcohol (animal charcoal). 

&^-Di(Morocrot07Mddehyde-2 : i-dichlorophenylhydrazone crystallises 
from boiling alcohol or acetic acid, in which it is readily soluble. 


in pale yellow, long, slender, flattened prisms, m. p. 112 9 (Found : 
C, 40-5; H, 3-0; N, 9*4; a, 47-7. C^gN^ requires C, 40*3 ; 
5, 2*7 ; N, 9*4; Cl, 47*65%). 

af>-DiMorocrokmaldehyde-2 : A-dichlorophenylkydr - 
of the hydrazone were dissolved in 20 c.c. of glacial 
aceticacidand boiled with excess of granulated tin and 20 c.c* of 
Concentrated hydrochloric acid. When the pale yellow colour had 
completely disappeared (1 hour), the hot solution was made alkaline 
aqueous caustic soda and steam-distilled. 2 : 4-DichIbro- 


aniline (1 g.) in the distillate was identified by conversion into its 
acetyl derivative, which, alone or mixed with an authentic specimen, 
melted 4i^^5*5°. . ,7? V / : 

4c of Bromine upon oi^-DkMoroaro^mldehyde-2 : 4- 
fl ,: W^^^ ^^^ ydr<^07ie—'When ; bromine (1 n^oh), , dissolved in a 
few acetic acid, was added to a cold saturated solution 

the in glacial acetic acid, a^uMoro-a^dibromo- 
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readily in hot glacial acetic acid, from which it separated in colour- 
less compact prisms, m. p. 126 — 127° (decomp.) (Found: Cl, 31*3; 
Br, 35*3. C 10 H 8 ]Sr 2 Cl 4 Br 2 requires Cl, 31*0; Br, 34*9%). 

Action of GJdorine upon oL^-Dichlorocroionaldehyde-2 : k-dichloro- 
phenylhydrazone . — A rapid stream of chlorine was passed into a 
suspension of 6*5 g. of the hydrazone in 20 c.c. of glacial acetic 
acid. The temperature rose somewhat, hydrogen chloride was 
freely evolved, and the solid dissolved, giving an almost colourless 
solution. When no further change appeared to be taking place 
(| hour), the solution was set aside for 24 hours, during which 
^^pentachlorobutaldehyde-2 : 4 : 6 - tricMoropfienylhydrazone (IV) 
(7*6 g.) slowly separated. It crystallised from boiling acetic acid 
or alcohol, in which it was readily soluble, in very slender, colour- 
less prisms, m. p. 84 — 85° (Found : Cl, 64*7. C 10 H 6 N" 2 C1 8 requires 
Cl, 64*8%). 

Reduction of &u.$$u>-PentacMorobutaldehyde-2 : 4 : 6 -trichlorophenyl- 
hydrazone . — 2 G. of the octachloro-compound were reduced by 
boiling in acetic acid solution with tin and hydrochloric acid. 
2:4: 6-Trichloroaniline, separated from the solution, made alkaline, 
by steam distillation, was identified by conversion into its acetyl 
derivative, m. p. 208 — 209°. 

. Acetylation of aa(3(ko -PentacMorobutaldehyde-2 : 4 : 6-trichloro- 
phmylhydrazorie . — A solution of the hydrazone in acetic anhydride 
containing a drop of concentrated sulphuric acid was boiled for 
several minutes. On cooling, aajBfko -pentachbrobutaldehydeAA -acetyl- 
2:4: &-tricMotoph^ylhydrazone separated. It crystallised from 
boiling acetic acid, in which it was readily soluble, in colourless 
rhombic plates* m. p< 108 — 109° (Found : Cl, 58*85. C 1 2H 8 0N 2 C1 8 

The Actim of Acetic Anhydride upon a (3 -DbMorocrotonaldehyde- 

warmed with acetic anhydride 
a< drop of concentrated sulphuric acid, the hydrazone 
r^^#ith evolution of heat to give a clear brown solution^ from 

separaS^|^^i0pctog* It crystalfised from boiling alcohol or 
.acetic. "'ib was easily ^bluble, in sks^sided prisms, 

m. p. 122*$ 6 ^'{Fdfind : * C, 42-2 ; H, 3*5; 8*®;; VC1, 41*6; M, 

cryoscopic in fe#nze^>:\329, 333. C 12 H 10 ON 2 04 requires C, 42*4; 

. H, 3*0 ; N, 8*2,;/:Cfe^^|. M, .340), •> wb&kx v . 


. Action of GUorim^ i&pm «P ^ifMorcmti&mcM&yde^ 
^tdorophmy^ 'BjEarfeaton-' : 1 ' wa^ pa^s^. 

suspension of 2g. 

^^!cf ,abid v ' cooled ■ to : prevent^any tm^Sed : ' ri » rw * ■ 

r 4vbomp'^ 
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addition of water, o:a$$-tetrachlorobutaldehyde-'N -acetyl-2 : 4 -dichloro- 
phenytkydrazone separated; tins was moderately easily soluble in 
boiling alcohol, from which it separated in colourless compact prisms, 
m. p. 97—98° (Found : Cl, 51-7. C^H^ONgCls requires Cl, 51-8%). 

The Action of 2 : 4-DichlorophenylJiydrazine Hydrochloride upon 
Butyl Chloral Hydrate in Ethyl Alcohol : Formation of $-Chloro-tx- 
ketobutaldehyde-2 : 4-dichlorophenylhydrazone (V). — 20 G. of 2 : 4-di- 
ehlorophenylhydrazine hydrochloride (1 mol.), 18 g. of butyl chloral 
hydrate (1 mol.), and 150 c.c. of ethyl alcohol were gently warmed 
together. As the reactants dissolved, a bright red colour was 
developed and, when the boiling point of the alcohol was reached, 
a vigorous reaction set in, hydrogen chloride was freely evolved, 
and the alcohol continued to boil for some time without further 
heating. The bright red colour gradually disappeared and the 
solution became pale yellow. 

Half the alcohol was then distilled off and the concentrated 
solution left to cool ; the yellow crystals thus obtained, after being 
washed with a little cold ligroin, separated from boiling alcohol, in 
which they readily dissolved, in pale yellow, very slender, hair-like 
prisms, m. p. 129° (Found : 0, 43*2; H, 3*3; N, 10-3 ; Cl, 38-0. 
C^ON^ requires C, 42*9; H, 3*3 ; 10*0 ; (A, 38*0%). 

^-Chloro-a-Mtob%taldehyde-2 : 4-dfcMorophenylhydrazone was also 
formed when the reaction was carried out in acetic acid solution, 
the evolution of hydrogen chloride being naturally more marked in 
this case. 

The Action of Benzoyl Chloride upon {3 - Chloro-a-ketobutaldehyde- 
2 : 4-dicMorophenylhydrazone. — 4 G. of benzoyl chloride (1 inol. -j- 
excess) were added to 2 g. of the hydrazone dissolved in 6 g. of 
pyridine. After 30 hours, the deep orange-coloured reaction mix- 
ture was poured into dilute hydrochloric acid and the oily layer 
which separated was washed with aqueous alkali to remove excess 
of benzoyl Chloride. When digested with a few c.c. of warm 
alcohol, the oil solidified to a mass of crystals. p- Chloro-a-ketobut- 
aMehyde-N -benzoyl-2 : 4-dichlorophenylhydrazone crystallises from 
boiling alcohol, in which it is sparingly soluble, in small, colourless, 
ecmapact prisms, m. p. 166*5° (Found : G, 28*0. 
requires Cl, 27*75%). 

The Interaction of 2 : 4-Dichlorophenylhydrazine Hydrochloride 
with p- CMoro-a-hetobutaJdehyde-2 : 4-dichlorophenylhydrazone in 
Methyl Alcohol : Formation of ct-Keto-fi-methoxybutaldehyde-2 : 4-di- 
(Mm'Ophmyl&sm&m (VI).— 2 G. (1 mol.) of the hydrazone and 1*5 g. 
of 2 : 4-diehlorophenylhydrazine hydrochloride (1 mol.) in 20 c.c. 
. of methyl alcohol were boiled for about 5 minutes and cooled. The 
?mazone obtained was readily soluble in boiling pyridine, from which 
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it separated in compact, bright yellow prisms, m. p. 196° (decomp.). 
It is very sparingly soluble in boiling alcohol, but may be recrystal- 
lised from boiling benzene [Found: C, 46*8; H, 3-8; N, 12*9; 
Cl, 32*95 ; OMe, by Hewitt and Moore's modification (J., 1902, 81, 
318) of ZeisePs method, 7*1. C 16 H 13 N 4 Cl 4 (OMe) requires C, 47*0; 
H, 3*7; N, 12*9; Cl, 32*7; OMe, 7*15%]. 

The corresponding ethoxy -osazone, similarly prepared in ethyl- 
alcoholic solution, crystallised from boiling alcohol, in which it 
was sparingly soluble, in dull yellow, irregular plates, m. p. 162° 
(decomp.) [Found ; 01,31*5; OEt, 8*9, C 16 H 13 N 4 Cl 4 (OEt) requires 
Cl, 31*65; OEt, 9*95%]. 

The Interaction of 2 : 4,-Dichlorojphenylhydrazine Hydrochbride and 
Butyl Chloral Hydrate in Methyl Alcohol . — When a powdered 
mixture of 20 g. of 2 : 4-dichlorophenylliydrazine hydrochloride 
(1 mol.) and 18 g. of butyl chloral hydrate (1 mol.) suspended in 
50 c.c. of methyl alcohol was treated in the way described for the 
reaction in ethyl alcohol (p. 92), the same phenomena were observed 
as in that case; when cold, the reaction mixture had almost 
solidified to a pulp of crystals. These were separated and extracted 
with 50 c.c. of boiling ethyl alcohol, a quantity (A) remaining 
undissolved. The solution, on cooling, deposited yellow needle-like 
crystals which, after repeated crystallisation from alcohol, melted 
at 129° (8 g.), alone or mixed with (3-chloro-a-ketobutaldehyde- 
2:: 4^dinhlorophenylhydrazone (Found : 01, 37*9. Calc. : Cl, 38*0%). 

The material (A), after being extracted twice more with 50 c.c. 
of boiling ethyl alcohol, left a yellow crystalline residue sparingly 
soluble in most of the common organic solvents ; this separated 
from boiling pyridine, in which it was moderately easily soluble, in 
bright yellow, compact prisms (9 g.), m. p. 196° (decomp.), identical 
with the methoxy-osazone described above (Found : Cl, 32*7. 
Calc. : Cl, 32*7%). 

^ffeaiilar series of reactions were carried out with 2-chloro-4-bromo- 
phenyihydrazine and 2 : 4-dibromophenylhydrazine, the following 
compounds? all crystallised from alcohol, being prepared ; — 
a^IH^k^otonaldehyde-2 : 4- dibromophenylhydrazom , slender, 

hair-like, dufi: yellow prisms, m. p. 119*5° (Found: C, 30*7; H, 
2*3; IT, 7*3 ? Q, 18*3; Br, 41*3. requires C, 31*0; 

H, 2*1 ; N, 7*2; Cl, 18*3 ; Br, 41*3%). 

a$-Dichloro-oi $ - dibromobutaldehyde - 2 : 4 - dibromophenylhydrazone, 
colourless compact prisms, m. p. 132= — 133° (decomp.) (Found : 

13*1 ; Br, 58*7. C 10 H 8 N 2 Cl 2 Br 4 requires (S> 13*0 ; Br, 58*5%). »' 

- ^Dichlmocroioymldehy^ -N -acetyl- 2 : 4: -dibromophenylhydr ; 
fSiburless, compact, rhombic plates^ m. p. : 141 9 (Found ‘ 

Br,37*3. C^HioONaO^Br^ruquires 431* 16*5 y Br, 37*3%)-, 
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a$-Dichbrocroto7ialdehyde-2 -cMoro-^bromophenylhydrazone, slen- 
der, pale yellow prisms, m. p. 11S° (Found : C, 35*2; H, 2*3; N, 
8*2 ; Cl, 31*0; Br, 23*3. CjoHgNgClgBr requires C, 35-0 ; H, 2-35; 
N, 8*2; Cl, 31*1 ; Br, 23*3%). 

a^Dichlorocrotonaldehyde - 1ST - acetyl - 2 - chloro - 4 - bromophenylhydr- 
azone, colourless plates, m. p. 134° (Found : C, 37*8;' H, 2*65; 
N, 7*3; a, 27*75; Br, 20*85. O 12 H 10 ON 2 CI 3 Br requires C, 37-5 ; 
H, 2*6 ; N, 7*3 ; Cl, 27*7 ; Br, 20*8%). 

$-Chloro~a-ketobuialdehyde-2-chloro-4:-bromcphenyUiydrazone } very 
slender, lemon-yellow prisms, m. p. 135° (Found: C, 37*1; H, 
2*9 ; N, 8*6 ; Cl, 21*9 ; Br, 24*7. C^H^N^Br requires C, 37*05 ; 
H, 2*8 ; N,8*65; Cl, 21*9; Br, 24*7%). 

fi-QKloro - a - ketobutaldehyde -2:4- dibromophenylhy dr ozone, very 
slender, pale yellow prisms, m. p. 143*5° (Found : Cl, 9*7 ; Br, 43*6, 
C 10 H 8 ON 2 ClBr 2 requires Cl, 9*6 ; Br, 43*4%). 

$-Chloro-x-ketobutaldehyd£-T$-benzoyl-2 : i-dibromophenylhydrazone , 
colourless compact prisms, m. p. 183*5° (Found : Cl, 7*5; Br, 33*75. 
C i7 H 13 02N 2 ClBr 2 requires Cl, 7*5; Br, 33*8%). 

cc-Keto- p>-methoxybutaMeJiyde-2 ; 4:-dibronwphenybsazom, Bright 

yeflw prisms, m p* > 194° v i(dtecdmp4,, from: pyridine or 
{®md* I?<V 

tequfres 0, 33*3 ; 2, 2*6; ^ 9-2; Bt, 52*25%). : i •• 

a -Keto-$-etkQxybukMehyde-2 : A-dibromophenybsazone, yellow, 

six-sided plates, m. p. 177 p (deoomp.) (Found: Br, 50*6. 
C^ 8 H 18 ON 4 Br 4 require Br, 50*8%). 

Part of the earlier work described in this paper was carried out 
in asfeociation with Mr. John Cripps Brashaw of Trinity College. 

The Queen’s College, Oxeorl. /. [Received, November 2nd, 1929.] 

X¥l .— Formation of Glyoxcdosazones by the Inter- 
action of Dichhrmceialdehyds and Aryl Hydrazines . 

By Fbepeeick Daniel Chattaway and Laekost Hotbley 
, j :r ■ * Fabinholt. . < 

Whek chloral reacts with aryl hydrazines (Chattaway and Bennett, 
J., 1927, 2850; Chattaway and Daldy, J., 1928, 2756), pale yellow 
hydrazones are first framed. These are extremely unstable and 
lose hydrogen chloride very easily, brilliant crimson azo-derivatives 
ci a<x-dichloroethylene being obtained. This loss of hydrogen 
chloride, however,is a reversible reaction and if the acid is not re- 
in reaction is carried out in alcoholic solution, the 
grimp of the original hydrazone is hydrolysed and 


proved and if 41 
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a hydrazone of a glyoxylic ester is produced. The equilibrium being 
thus destroyed, the red colour at first produced disappears as the 
azo - a a- dichloroe thylene reverts to the original hydrazone : 


e-nh*n:ch-cci 3 



r*n:n-ch:ggi 2 + hci 



E'NH'NrCH’COgE' 


A similar series of reactions occurs when dichloroacetaldehyde 
reacts with aryl hydrazines. Hydrazones are at first normally 
produced which quickly lose hydrogen chloride with the production 
of a brilliant crimson colour. 

This crimson colour is undoubtedly due to the formation of azo- 
derivatives of a-monochloroethylene. These, however, are too 
unstable to allow of their isolation in a pure state and, the reactions 
by which they are produced being reversible, the crimson colour 
rapidly disappears on heating and osazones of glyoxal separate, 
since the dichloromethyl group of the parent hydrazones is very 
reactive and condenses with another molecule of the aryl hydrazine, 
either directly or after hydrolysis : thus, where R is C 6 H 5 , 
4-C 6 H 4 Cl(Br), 2 : 4-C 6 H 3 Cl 2 (Br 2 ), or 2 : 4 : 6-C 6 H 2 Cl 3 (Br 3 >, 


B-isr:N*CH:cHGi + hci 


r-nh-n:ch*ch:n-nhr 

this connexion it may be recalled that aa-dichloro-5-carboxy- 
2-hydrox:yacetophenone similarly yields an osazone with phenyl- 
hydrazine (Chattaway and Calvet, J., 1927, 687). 
fv , Th e glyoxalosazppes are pale yellow, well-crystallised compounds, 
for the most part sparingly soluble in ordinary organic solvents. 
They melt at a high temperature, usually with decomposition, and 
a^^^ily. cldorin^ted and brominated. They also form well-crystal- 
derivatives, R-NAc-NICH-CHlN-NAcR. 
of chlorine on the unsubstituted glyoxaldiphenylosa- 
zone^ -oJilc^ofiMnylosc^zone, and on glyoxaldi-2 : 4 -cfe- 


chlorophenjyl 
2 : 4,-dictiUm 


g^.yfejds. the 4 ' same product, co <* r -dichMoglyoxaldi* 


■ A* ci ci <2k 
■ - ■ . ■ ca<j ; <#OT-N:c^c:N-m<y^>a •- 

jpreot halogenation does not introduce a thfcd ;oblorine atom into 
the benzene nucleus. (^t^ r ~I)ichloroglyoxdldi-2 : 4 : 6 4richbr(^h^$^ : 

however, is readily .. . of 1 

*g^Q*s0dj.2 : 4 : e-trioUoroph^jjte^^on#. <> ■/ ... , 
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Bromine acts in an exactly analogous manner, being substituted 
for hydrogen in the benzene nuclei and replacing the two coco'-hydro- 
gen atoms. 

The coo' -substituted halogen atoms in these compounds are 
remarkably unreactive. The coci'-halogenated osazones can be 
recovered unchanged even after refluxing with alcoholic ammonia 
for some hours. They are also not readily reduced by tin or zinc in 
hydrochloric or acetic acid. 

The glyoxalosazones, when the coco '-positions are occupied by 
halogen atoms, are not acetylated when heated with acetic 
anhydride, tarry products being obtained; nor can chlorine or 
bromine be substituted for hydrogen in the 06 / -positions in the 
diacetylosazones, even on heating in glacial acetic acid for several 
hours, the initial material being recovered. 

Experimental. 

Action of Phenylhydrazine upon Diehloroacetaldehyde . — As the 
same results were obtained whether dichloroacetaldeliyde alco- 
holate or diehloroacetaldehyde itself w r as used, the former was 
always employed, since it is very troublesome to isolate the aldehyde. 

To 150 c.c. of acetic acid were added 15-9 g. of dichloroacetalde- 
hyde aleoholate {1 mol.) and 21 g. of phenylhydrazine (2 mols.). On 
being gently warmed, the solution developed a crimson colour which, 
as the temperature was raised to about 70°, disappeared and glyoxal- 
diphenylosazone separated. This compound crystallised from 
boiling alcohol, in which it was moderately easily soluble, in clusters 
of pale yellow, rhombic plates, m. p. 169 — 171° (compare Oddo and 
Cusmano, GazzeUa , 1911, 41, ii, 251). 

Action of p-GhlorophenyUiydrazine Hydrochloride upon Dichloro- 
acetaMehyde Aleoholate . — To 150 c.c. of acetic acid were added 16 g. 
of diehloroacetaldehyde aleoholate (1 mol.), 36 g. of p-chlorophenyl- 
hydrazine hydrochloride (2 mols.), and 20 g. of anhydrous sodium 
acetate. On warming, a brilliant crimson colour developed which 
on further heating disappeared and glyoxaldi-p-chlorophenylosazone 
separated. It crystallised from boiling alcohol or acetic acid, in 
both of which it was sparingly soluble, in pale yellow, quadrilateral 
plates, m. p. 227° (decomp.) (Found : Cl, 22-9. C^H^CL* re- 
quires Cl, 23*1%). 

The other glyoxalosazones described in this paper were prepared 
in a similar manner, a deep crimson colour in each case appearing, 
and disappearing as the heating proceeded and the yellow osazone 
separated. 

Glgo&€&4i -% ; 4-dichlorophenylosazone crystallises from boiling 
acetic acid, in which it is very sparingly soluble, in clusters of pale 
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yellow needles, m. p. 253 — 254° (decomp.) (Found: Cl, 37*5; G, 
44*8; H, 2*6; N, 14*9. C 14 H 10 N 4 C1 4 requires Cl, 37*7; C, 44*7; 
H, 2*7 ; N } 14*9%). 

- Glyoxaldi-2'.A : 6-tricMorophenylosazone crystallises from acetic 
acid or alcohol, in both of which it is moderately easily soluble, in 
clusters of very pale yellow needles, m. p. 189° (Found : Cl, 47*8. 
C 14 H 8 ]Sf 4 Cl 6 requires Cl, 47*8%). 

Glyoxaldi-ip-bromophenylosazone separates from either acetic acid 
or alcohol, in both of which it is sparingly soluble, in pale yellow, 
quadrilateral plates, m. p. 215° (decomp.) (Found : Br, 40*2. 
C 14 H 12 N 4 Br 2 requires Br, 40*4%). 

Glyoxaldi-2 : A-dibromophenylosazone crystallises from boiling 
acetic acid, in which it is very sparingly soluble, in pale yellow, fine 
needles which darken at about 237° and melt with decomposition 
at 243° (Found : Br, 57*4. C 14 H 10 N 4 Br 4 requires Br, 57*7%). 
v Glyoxaldi- 2 : 4 : §~tribromophenylosazone separates from acetic 
acid, in which it is sparingly soluble, in faintly yellow, quadrilateral 
plates, m. p. 226—228° (decomp.) (Found : Br, 67*25. C 14 H 8 lSr 4 Br e 
requires Br, 67*4%). 

All the glyoxalosazones were easily acetylated when heated with 
acetic anhydride containing a drop of sulphuric acid. The diacetyl 
derivatives are all colourless, and were crystallised from acetic acid. 


Biacetylglyoxaldiphenylosazone forms quadrilateral plates, m. p. 
; abjq^j 36P° (decomp.) ; dioAetylglyoxaldi-p-chlorophenylosazone, six- 
prisms j m. p. about 330° (decomp.) (Found: Cl, 18*0. 
CjgHieO^Clg requires Cl, 18*1%) ; diacetylglyoxaldi-2 : 4:-dichloro- 
^^flos<mne 3 291-^2ft2° (deq^jK) 

(Found : Cl, 30*6. ^gJE^O^Cl^ requires Cl, 30*8%); diaceiyl- 
glyoxaldi-2 : 4 : 6-irichlorophenylosazone, flattened prisms, m. p. 
aS&uh 370° (decomp.) >(Fouiid : Cl, 40*0/ C^Hl^Ogl^Clg requires 
f u ? six-sided 

p* rs ^bou^340 o (^epqpap.^^ou^^ ; r |^33;4, 0 18 H ie 0 2 N 4 Br 2 
^ 3%),;, , dic^ylglyo^ffii-2 , ; 

prisms* m, p v 300° ;($$eomp t ), (Found ; ^, 504^ 

iribromppm^^^^^ clusters of neqdlps, m.,p. abq^t$f>$° ^deccmpi) 
(Found ; 

Action of n ^ 

phenyl-, and Glyoxatm : $ : — When any one 

of these osazones w^'s^^hdedin glacral kdetic acid, and a rapid 
Stream of chlorine pa^s^ iS4o saturation, hydrogen chloride was 
fi^rated, the suspended cMlzbhe 
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251° (decomp. ; after darkening at about 240°) (Found: Cl, 47-6. 
C 14 HgN 4 Cl 6 requires Cl, 47*8%). 

<&<&’ -Dichloroglyoxaldi-2 : 4 : 6 - trichlorophenylosazone was similarly 
formed by the action of chlorine upon glyoxaldi-2 : 4 : 6-trichloro- 
phenylosazone. It is sparingly soluble in boiling acetic acid but 
much more readily soluble in boiling benzene, from which it crystal- 
lises in clusters of very pale yellow, fine needles, m. p. 229 — 231° 
(decomp.) (Found : Cl, 55*1. C 14 H 6 N 4 C1 8 requires Cl, 55-2%). 

cac*/ -Dibromoglyoxaldi-2 : 4z-dibromopJienylosazone crystallises from 
benzene, in which it is moderately easily soluble, in clusters of long, 
fine, pale yellow needles, m. p. 205° (decomp.) (Found : Br, 67*15. 
C 14 H 8 N 4 Br 6 requires Br, 67*4%) ; oko ' -dibromoglyoxaldi-2 : 4 : 6-tri- 
bromophenylosazone in long, fine, pale yellow needles, m. p. 230° 
(decomp.) (Found : Br, 73*3. C 14 H 6 N* 4 Br 8 requires Br, 73*5%) ; 
<*&' -dibromoglyoxaldi-2 : 4:-dichlorophe7iylosazone in pale yellow 
needles, m. p. 27CT— 273° (decomp.) (Found : Br, 29*8. C 14 H 8 N 4 Cl 4 Br 2 
requires Br, 29*9%) ; and coco' -dichloroglyoxaldi-2 : 4 : 6-tribromo- 
phenylosazone in very pale yellow, slender needles, m. p. 257° 
(decomp.) (Found: Cl, 8*9. C 14 H 6 N 4 Br 6 Cl 2 requires Cl, 9*1%). 
« co '-Dibromoglyoxaldi-2 : 4 : ^-trichlorophenylosazone crystallises from 
glacial acetic acid in clusters of fine, almost colourless needles, m. p. 
246° (decomp.) (Found: Br, 26*8. C 14 H 6 N 4 Cl 6 Br 2 requires Br, 
26*5%). 

The Queen’s College, Oxford. [Received, December 6th, 1929.] 


XVII. — 2-Thiol-4:(5)-p-aminoethylglyoxaline (2-Thiol- 

histamine ). 

By Fkank Lee Pyman. 


In view of the physiological activity of histamine, and of the natural 
occurrence of ergothioneine, the synthesis of 2-thiolhistamine 
appeared to be of interest. This has now been effected by using as 
the starting material, a3-dibenzamido-p-ketobutane (I) which 
Windaus, Dorries, and Jensen (Ber., 1921, 54, 2745) prepared from 
the tribenzamidobutene resulting from the benzoylation of hist- 
amine. When a3-dibenzamido-P-ketobutane was hydrolysed with 
(I.) COPh-NH*CH 2 *CO-CH 2 *CH 2 -NH*COPh — > 

HC1,NH 2 -CH 2 -C0*CH 2 -CH 2 -NH 2 ,HC1 (n.) — >. 


NH 2 *CH : 


fJH-NH 
•C&J-C- 




•>osh (in.) 


alcoholic hydrochloric acid at 150°, aB-diamino- [3 - Jcetobutane dihydro - 
chhride (II) was obtained, and on condensation of this with 1 mol. 
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of sodium thiocyanate 2 -thiolhistamine (III) resulted. Its constitu- 
tion follows from the results of analysis combined with the fact that 
it yields histamine on oxidation. 

Dr. Dale, Sec. R.S., and Mr. J. H. Gaddum, M.A., of the National 
Institute for Medical Research, to whom the author wishes to express 
his thanks, found that 50 mg. of 2-thiolliistamine hydrochloride 
produced a smaller fall in the blood pressure of a cat under ether 
than 0*001 mg. of histamine when injected intravenously, and also 
that 50 mg. of 2-thiolhistamine hydrochloride appeared to have no 
effect upon a 20 g. mouse when injected subcutaneously. Mr. 
W. A. Broom, B.Sc., of Boots’ Pharmacological Department found 
that 2-thiolhistamine hydrochloride had only one/two- thousandth 
part of the activity of histamine in causing contraction of the isolated 
uterus of a virgin guinea-pig, and did not reduce the blood sugar of 
the rabbit when injected subcutaneously. It appears, therefore, 
that the substance has no significant histamine-like action. 

Experimental. 

a$-Dibenzamido-P-ketobutane was prepared by the method of 
Windaus, Dorries, and Jensen ( loc . cit .), the yield being 80 to 90% 
of the theoretical. It melts at 158 — 159° (corr.) and is not easily 
soluble in alcohol, requiring about 7 parts by weight of boiling alcohol 
for solution, and being much less soluble in cold alcohol. Windaus, 
Dorries, and Jensen give m. p. 151° and state that the substance is 
easily soluble in alcohol. 

a$-Diamino-$-lcetobutane . — aS-Dibenzamido-p-ketobutane (10 g.), 
alcohol (50 c.c.), and concentrated hydrochloric acid (50 c.c.) were 
heated under pressure for 2 hours at 150°. The solution was 
evaporated to low r bulk, extracted with ether to remove benzoic 
acid, digested with charcoal, filtered, concentrated to low bulk, and 
mixed with alcohol; a&-diamino-$-ketobutane dihydrochloride then 
crystallised, and further crops were obtained on concentration, the 
total yield being 73% of the theoretical. This salt crystallises from 
water in colourless diamond-shaped plates, m. p. 221° (decomp.; 
corr.). It is anhydrous and is very easily soluble in water, but 
sparingly soluble in alcohol (Pound: C, 27-5; H, 7*4; Cl, 40*3. 
C^oON^HCl requires C, 27-4; H, 6*9; Cl, 40*5%). On the 
addition of cold saturated aqueous picric acid it gives a sparingly 
soluble picrate, crystallising from water in long, yellow, prismatic 
needles, m. p. 212° (decomp, ; corr.). 

2-Thiol-4:(5) - p -am inoethylglyoxaline . — a&-Diamino-P-ketobutane di- 
hydrochloride (7*0 g.) and sodium thiocyanate (3*24 g.) were dis- 
solved in 20 c.c. of water. The solution was evaporated to a syrup 
and heated for another hour at 100°, and just enough water was 
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added to dissolve the sodium chloride which had separated. On 
keeping, 2 - thiolhist amine hydrochloride crystallised ; it was 
purified by recrystallisation from water (yield, 3*7 g. = 52% of the 
theoretical). 

2 - TMolA (5 ) - fi-aininoethylglyoxaline hydrochloride crystallises from 
water in clusters of colourless prismatic needles, m. p. 248 — 249° 
(corr.). It is anhydrous, very easily soluble in water, giving a 
neutral solution, and almost insoluble in hot absolute alcohol 
(Found: C, 33*0; H, 8-1; Cl, 19*8; S, 17*9. 'C^a&HCI 
requires C, 33*4; H, 5*6; Cl, 19*8; S, 17*8%)* When cold aqueous 
solutions of this salt and picric acid are mixed, no immediate pre- 
cipitate is formed, but a picrate crystallises on keeping in dense, 
golden, bevelled tablets, m. p. 225° (decomp. ; corr.). Aqueous 
solutions of the hydrochloride give with diazobenzene-p-sulphorric 
acid (a) in the presence of sodium carbonate, an orange colour ; (b) 
under Hunter’s conditions (Biochem. J., 1928, 22, 4), in the presence 
of sodium carbonate and acetate, a yellow solution, which changes to 
red with a faint purple fluorescence on addition of sodium hydroxide. 

Oxidation. 2-Thiolhistamine hydrochloride (0*18 g.) was boiled 
with hydrated ferric chloride (1*6 g.) in water (30 c.c.) for £ hour. 
The solution was partly neutralised with sodium carbonate, mixed 
with a hot saturated aqueous solution of picric acid (0*46 g.), filtered, 
and kept. Histamine dipicrate (0*38 g. ; yield, 67%) then separated 
in a pure state, having m. p. 238° (decomp. ; corr.) when heated 
quickly, alone or mixed with an authentic specimen. 

Research Laboratories, Messes. Boots Pttbe Drug Co., Ltd., 

Nottingham. [Received, December 6th, 1929.] 


XVIII . — Comparison of Some Physical Constants of 
Thiocyanate, Azide , and Nitrite Solutions . 

By P. Gunther and W. Perschke. 

Cranston and Livingstone recently published measurements of 
physical constants of azide and cyanate solutions which led them to 
infer that the two anions have the same spatial structure in solution 
(J., 1926, 501). About the same time, the. X-ray investigations of 
Hendricks and Pauling (J, Amer . Chem . Soc., 1925, 47, 2904) 
definitely proved that in the crystalline state both these ions con- 
sist of atoms arranged in an open chain with very similar spaeings, 
as theoretical considerations had first caused Langmuir (ibid., 1919, 
41, 1543) to assume, discarding the old ring formula for the azides. 

The correspondence of Cranston and Livingstone’s conclusions 
With these results was probably fortuitous. The physical 
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characteristics of ionic solutions are in general greatly influenced 
by solvation of the ions, although this may in turn be dependent 
on the configuration of the atoms in the ion. It is nevertheless 
certain that considerable differences between ions can be concealed 
to a great extent by addition of water molecules. Yet if Cranston 
and Livingstone's conclusions were right in the case of the azide 
and cyanate ions, in that similarity in the configuration of the ions 
may be inferred from similarity in certain physical properties, we 
should be in possession of a very simple and convenient method 
for determining the structure of the thiocyanate ion also. 

The following reasons may be given for doubting the validity 
of Cranston and Livingstone’s deductions. In view of the fact 
that the cyanate is readily decomposed by water, a mixture of 
water and alcohol was employed as a solvent in determining the 
density and the refractive index. It would thus appear possible 
that the various ions would show preference in combining with one 
species of the molecules of the solvent. Moreover, the experiments 
only extended in the case of the potassium salts to 0*52V-solutions, 
and in the case of the sodium salts to l-OY-solutions, whereas it 
is just the high concentrations that are of advantage in discovering 
the differences in the influence exerted by the solute on the character 
of the solutions. 

In view of the possibility of determining the structure of the 
thiocyanate ion, we have tested the method employed by Cranston 
and Livingstone by comparing the physical properties of nitrite 
solutions with those of azide solutions. The nitrite ion differs 
little from the azide ion in weight, but in the configuration of its 
atoms it is certainly quite different, for its structure is very probably 
similar to that of the nitrate ion, which is known — at any rate in 
the crystalline state — not to have the nitrogen atom placed in a 
straight line between two oxygen atoms. We should thus expect 
nitrite solutions to have physical constants very different from 
those of azide solutions. With some degree of probability the 
following surmise can be made as to the difference between the 
structure of the thiocyanate and the cyanate ion, the latter of 
which is known to be the same as that of the azide ion, at least in 
the crystalline state. According to the measurements of Hendricks 
and Pauling, in the potassium cyanate crystal the centres of gravity 
of the atoms at the two ends of the cyanate chain are 2*32 A.U. 
apart, whereas in the potassium azide crystal the corresponding 
distance between the two extreme nitrogen atoms is 2*34 A.U. If 
we calculate the lengths of the cyanate and azide chains from the 
radii of the nitrogen, oxygen, and carbon atoms, as determined 
by Goldschmidt from other crystalline compounds of these elements 
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( £i Geochemische Verteilungssatze der Elemente,” VII, Die Gesetze 
der Krystallochemie, Oslo, 1926, pp. 26 et seq.), we find the length 
corresponding to the azide chain to be 2-84 A.U., and in the case of 
the eyanate chain 2*85 A.U. The radii of the atoms in the con- 
figurations in question are therefore smaller than usual, but the 
contraction is practically the same in both cases. Computing the 
length of the thiocyanate chain in the same way, using Goldschmidt’s 
atomic radius of sulphur (1*04 A.U.), we find 3*2 A.U., a value some 
18% greater than for the eyanate chain. If, on account of the 
equal contractions in the case of the azide and eyanate ions, we 
assume the same contraction to take place in the thiocyanate ion, 
the ratio of the chain lengths above computed would be more or 
less preserved. 

The molecular weights of sodium azide and sodium thiocyanate 
are 65*0 and 81*1 respectively. Their influence on the density 
differences of solutions can be calculated for all concentrations. 

In our experiments with sodium azide, thiocyanate, and nitrite 
we were able to work with pure water as solvent and to attain much 
higher concentrations than the above-named authors. The experi- 
ments show that the correct results which Cranston and Living- 
stone’s method gave are hardly more than accidental. No con- 
clusions can be drawn as to the similarity or dissimilarity of the 
atomic structure of the ions we investigated. We did not compare 
the densities of the solids, since, according to the crystallographic 
determination of Hendricks and Pauling, it is hardly possible that 
sodium thiocyanate can have the same arrangement of ions in the 
crystal as potassium eyanate; so we left out this comparison, 
carried out by Cranston and Livingstone, but we introduced 
another series of experiments, comparing the viscosities of the 
solutions. 

Experimental. 

Materials . — Sodium azide was recrystallised from water by 
precipitation with alcohol and sodium thiocyanate was recrystallised 
from alcohol. The sodium nitrite was Kahlbaum-Schering’s 
“ purissimum.” The purity of the azide was determined by pre- 
cipitation as silver azide, which was converted into chloride and 
weighed as such, the analysis being checked by decomposing the 
azide with titrated sulphuric acid : the percentage varied between 
97*0 and 98*2%. The sodium nitrite contained 97*8% of pure 
salt, and the thiocyanate 98%, as determined by titration with 
silver nitrate. Impurities certainly had no influ ence on the validity 
of the conclusions drawn from the experiments. 3V-Solutions 
of these salts were prepared, and diluted with distilled water as 
required. 
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Densities. — The following densities were determined with Mohr’s 
specific gravity scales and, in part, checked with a pyknometer. 

Densities of aqueous solutions at 20T°. 

M = 3*0. 20. 1*0. 0*5. (at 16*7°). 


NaN 3 1*1137 1*0764 1*0380 1*0184 1*0099 

NaCNS 1*1162 1*0786 1*0395 1*0198 1*0101 

NaNO a 1*1273 1*0857 1*0427 1*0210 — 


The densities of the azide and thiocyanate solutions differ very 
slightly — by less than 0*3% in the highest concentrations. The 
influence of the greater molecular weight of the thiocyanate is 
almost completely compensated for by the marked contraction 
taking place on dissolution, which amounts to as much as 3*85%. 
In comparing the azide with the nitrite solutions a discrepancy is 
observable, which can, however, be ascribed chiefly to the greater 
molecular weight of the latter substance ; it is therefore impossible 
to draw any conclusions from these observations as to the con- 
figuration of the ions. 

Viscosity. — The viscosities were determined with an Ostwald 
viscometer : 

Coefficients of viscosity at 20*1° (water = 1). 


M = 3*0. 2*0. 1*0. 0*5. 

NaN 3 1*344 1*179 1*050 1*006 

NaCNS 1*254 1*105 1*043 1*005 

NaN0 2 1*281 1*126 1*046 1*006 


Corresponding to differences in the contraction occurring in solution, 
the azide ion has the greatest influence on the viscosity coefficient 
and the thiocyanate ion the smallest. 

Befmctive Indices . — The refractive indices were obtained with a 
Pulfrich refractometer. On account of the differences in density 
of the solutions, however, it was necessary to compare the values 
of the specific refractivity, B, and for this purpose the densities 
were redetermined at 25°. 


n U * 

M = 3. 2. 1. 0*5. 

NaCNS 1*3834 1*3669 9 1*3500 2 1*3413! 

NaN 3 1*3669 0 1*3560 7 l*3442 s 1*3385 6 

NaNO a 1*3542 4 1*3475* 1*3404* 1*3365 6 

r> __ 7l 2 — 1 1 

n 2 + 2’ 5* 

M = 3. 2. 1. > 0*5. 

NaCNS 0*2096 0*2087 0*2074 0*2067 

NaN 3 0*2026 0*2036 0*2049 0*2056 

NaN0 2 0*1930 0*1970 0*2013 0*2036 


The thiocyanate has the greatest and. the nitrite ion the smallest 
influence on the refraction -of light. 
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Electrical Conductivity . — The conductivities, which Cranston and 
Livingstone determined in methyl-alcoholic solution, were measured 
in a solution of conductivity water. The electrodes consisted of 
platinised platinum sheet, and in agreement with the results of 
Briner and Winkler (J. Chim. physique, 1923, 20, 201), as against 
those of Cranston and Livingstone, the platinum coating was found 
not to decompose the azide solution. The conductivities were 
unchanged after \ hour, 1 hour, and 2 hours, and at the end of a 
series of experiments no ammonia could be determined in the 
solution even with the help of Nessler’s reagent. 

Molecular conductivities . 


M = 0*5. 0*25. 0-125. 0-063. 

NaCNS 65*80 75*04 Sl*92 90*40 

NaN 3 65-54 74-84 81*52 90*40 

Nam, 62-60 72-36 82-88 93-97 


The conductivities of thiocyanate and azide agree up to 0 -5M, 
even better than those up to 0-1 M in Cranston and Livingstone's 
experiments. The conductivity of the nitrite solution differs in 
magnitude as well as in its dependence on the concentration. 

A survey of all the experimental results here given shows that 
experiments of this kind do not enable us to draw conclusions as to 
the configuration of atoms in the ion, as Cranston and Livingstone 
have done. 

pTrys TgAT^Ts rrFr.fi TTmrra rt rra a Xnstitttt 
deb IJmvEKSXTAT, Beblet, [JReceived, November 20th , 1929.] 


XIX . — The Inhibition of Chemical Reactions . Part 
III . The Inhibition by Sulphur of the A tmospheric 
Oxidation of Benzaldehyde. 

By Kenneth Claude Bailey. 

It has long been known that benzaldehyde is oxidised rapidly by 
oxygen or by air, and it has been shown that the velocity of oxid- 
ation may be greatly reduced by the presence of very small traces 
of “ anti-oxygens,' 5 i.e., negative catalysts which are themselves 
oxidisable (see Moureu and Bufraisse, Chem. and hid., 1928, 47, 
819, 848, for a summary of many previous papers) ; for instance, 
one part of sulphur in 100,000 parts reduces it to about one-third 
(idem, ibid., p. 822). 

The following additional facts are of importance to the under- 
standing of the present research. (1) The reaction is a chain 
reaction, in which several thousand molecules are oxidised for each 
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quantum absorbed, as proved by Backstrom (J. Amer. Chem. Soc ., 
1927, 49 , 1460; Medd. K. Vetenskapsakad. Nobel-Inst., 1927, 6 , 15 
and 16), in amplification of Christiansen’s theory. (2) In at least 
some cases of anti-oxygen action the negative catalyst is itself 
oxidised ; this has been clearly proved for the inhibition by alcohols 
of the oxidation of sodium sulphite (Alyea and Backstrom, J. Amer. 
Chem. Soc., 1929, 51 , 90). (3) The velocity of oxidation of benz- 
aldehyde is increased by the addition of sand (Reiff, ibid., 1926, 48 , 
2893) or pumice (Brunner, Helv. Chim. Acta, 1927, 10 , 707). (4) The 

reaction certainly takes place in stages (Backstrom, loc. cit.), and is 
retarded by intensive drying (Reiff, loc. cit.). It has recently been 
suggested that pure benzaldehyde does not undergo oxidation 
(Kuhn and Meyer, Naturwiss., 1928, 16 , 1028). (5) Benzoic acid, 
produced in the reaction, itself acts as a feeble inhibitor. 

Most theories of anti-oxygenic action suppose that the negative 
catalyst detaches oxygen from its preliminary loose combination 
with the autoxidisable substance (e.g., benzaldehyde), although there 
is a difference of opinion as to whether the oxygen is eventually 
liberated again as such (Moureu and Dufraisse, loc. cit.), or is fixed 
by reaction with the negative catalyst, as in the experiments of 
Alyea and Backstrom. In the latter case, inhibition must depend 
on the fact that the oxidation of the inhibitor is incapable of setting 
up or carrying on a chain of further oxidations. 

The part of the problem which seems to have been least satis- 
factorily dealt with is that mentioned in the first paragraph. The 
explanation of the inhibitory effect of such minute traces must 
depend to a large extent on a demonstration of the site of reaction. 

Moureu and Dufraisse (loc. cit.) and Backstrom (loc. cit.) .believe 
the reaction to take place homogeneously in the liquid phase. The 
first two authors suggest that, as very few of the benzaldehyde 
molecules are at a sufficiently high energy level to react with oxygen, 
it is possible for a small number of inhibitor molecules to deal with 
these activated molecules, an explanation which demands for the 
original complex of benzaldehyde and oxygen the ability to survive 
10 5 collisions (if the inhibitor is present in the proportion of one part 
in 10 5 parts) without further reacting with a benzaldehyde molecule 
to give stable benzoic acid. Backstrom depends on the high 
quantum yield of the reaction for an explanation of the efficiency 
of the negative catalyst. 

The alternative is that offered by Reiff (toe. cit.) and Brunner 
(loc. cit.), and accepted by Rideal (Trans. Faraday Soc., 1928, 24, 
571—574), viz., that the reaction takes place, or is initiated, at the 
surface of the containing vessel, and is inhibited by the negative 
catalyst, adsorbed in high concentration on this surface. That 
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reactions are sometimes thus initiated and inhibited is unques- 
tionable, a case in point being the inhibition of esterification by 
alkaline catalysts, investigated by the writer (J., 1928, 1204, 3256). 

Reiff showed that the velocity of oxidation of 10 c.c. of benz- 
aldehyde, standing without being shaken, was doubled by the 
introduction of 10 c.c. of sand, the activity of which in promoting 
the reaction would then be approximately equal to that of the 
original surface of the vessel. He further showed that 5 c.c. of 
benzaldehyde with o c.c. of sand absorbed oxygen 1^ times as 
quickly as 10 c.c. of benzaldehyde alone, and that 2 c.c. of benz- 
aldehyde and 5 c.c. of sand absorbed oxygen three times as quickly. 
This latter result Reiff interpreted as showing that here the oxygen 
had to diffuse through a much thinner layer of benzaldehyde to 
reach the sand and the oxidation rate therefore increased. The rate 
was greatly increased by shaking, and this was attributed to the 
increased rate of diffusion of oxygen to the active solid surface. 

These experiments, however, only ‘prove that oxidation can take 
place on the surface of the sand. It is assumed that the velocity in 
the absence of added sand depends on the walls of the container. 
It seems unlikely that the smooth walls of a 50-c.c. vessel could have 
an activity comparable with that of 10 c.c. of finely -divided sand, 
and scepticism on this point is increased by the fact that almost 
identical speeds of reaction were obtained by Reiff with vessels of 
silica, Pyrex glass, and soft glass, and with vessels lined with 
paraffin wax. The use of dust-free benzaldehyde caused no decrease 
in the rate of oxidation. These experiments suggest that the 
velocity of reaction is appreciably affected only by the introduction 
of a large amount of extra surface. Experiments on paraffin-lined 
vessels and on the effect of sand are described later. 

Brunner performed experiments in a shaking machine, and showed 
that the velocity of oxidation was increased in direct proportion to 
the amount of powdered pumice added. Here too it is assumed that 
the original reaction, in the absence of pumice, is due to the walls 
of the vessel. 

The possibility that the reaction takes place in the vapour phase 
is rejected by Moureu and Bufraisse ( Chem . Reviews , 1926, 3, 134, 
129), who believe that crystals of benzoic acid appear on the upper 
portion of the vessel only where benzaldehyde has first condensed 
as a liquid. The appearance of the vessel in some experiments 
which were carried on for several days by the writer does not accord 
with this, for fine needle crystals were formed which projected for a 
considerable distance into the gaseous phase. In any event, how- 
ever, the amount of reaction in the gaseous phase is small and, 
although estimations of the benzoic acid on the vessel wall above 
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the surface of the liquid were made in many cases, the amount, even 
where the reaction had proceeded until all the oxygen had been 
absorbed, never exceeded 4% of the total benzoic acid formed. 

The evidence offered in the present paper tends to show that the 
choice lies, not between a reaction initiated at the solid-liquid 
interface and one taking place homogeneously in the liquid phase, 
but between the latter and a reaction initiated at the liquid-gas 
interface and capable of being inhibited there by a catalyst adsorbed 
preferentially at that interface. 

Experimental. 

The investigation concerns mainly the oxidation of benzaldehyde 
by atmospheric air, when standing quietly in an unshaken vessel. 
Experiments were made with pure oxygen also, but the results were 
of the same general type as when air was used. 

In these experiments the benzaldehyde, unless otherwise specified, 
was Kahlbaum’s pure material, freshly distilled in an atmosphere of 
nitrogen, and stored under that gas. The velocity of reaction was 
followed by noting the absorption of oxygen, and no attempt was 
made to distinguish between the first stage of the reaction (formation 
of perbenzoic acid) and the final conversion into benzoic acid. The 
specimen under examination was placed in a vessel connected to a 
differential manometer, the other arm of which was attached to a 
vessel of the same size. By reading the difference in height between 
the two columns of liquid, volume errors due to small variations of 
temperature were eliminated. In the earlier experiments (Series 
I — IV) mercury was used as manometric liquid, but in the remainder 
greater delicacy was obtained by the use of water, and the benz- 
aldehyde was throughout assumed to be moist. [It has already been 
shown by Brunner (loc. cit.) that small variations in moisture content 
have little effect on velocity of oxidation.] 

Series I .— The velocity of oxidation of pure benzaldehyde in plain 
glass vessels was compared with that in vessels to which had been 
added solid glass rods whose total geometrical surface was approxim- 
ately equal to that of the portion of the containing vessel in contact 
with the liquid. The results were not very consistent. Sometimes 
the vessel with added surface showed a slightly higher velocity than 
the other, sometimes slightly lower. In no case was the speed of 
reaction increased by more than 15%. 

Series II . — Experiments were carried out with the same amount 
of pure benzaldehyde in flasks and tubes of different shapes but 
approximately the same volume. The rate of absorption over a 
period of 2 hours was roughly proportional to the area of the liquid- 
gas interface. For example, when this interface was increased in 
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the ratio 7*8, the velocity increased in the ratio 7*2, and with an 
area ratio of 3*2 the velocity ratio was 2*6. 

Series III . — In all vessels the benzaldehyde is drawn up on the 
glass wall by capillary action to some little height above the liquid 
surface, and it seemed possible that reaction might be very intense 
in these places where liquid-gas and liquid-solid interfaces are close 
together. Experiments were performed in which were introduced 
glass rods of such a length as to project slightly above the surface of 
the liquid and thus increase the area of this liquid film. The velocity 
of reaction was found to be diminished rather than accelerated. 

Series IV . — When benzaldehyde is shaken in air, the velocity of 
oxidation is greater than when the liquid stands quietly. It has 
already been pointed out that shaking increases the diffusion of 
oxygen to the solid surfaces. It is also true, however, that it 
increases diffusion into the homogeneous phase, and again, that it 
increases greatly the area of the liquid-gas interface, which cannot 
be neglected as a possible site of reaction. 

Brunner’s experiments, already quoted, employed a relatively 
enormous increase of surface (pumice). It was desirable to try a 
surface comparable with that of the original flask. For obvious 
reasons, it is impossible to agitate violently a glass flask containing 
a number of loose solid glass rods. An extra surface was therefore 
added by fixing a spiral of solid glass of known surface area into the 
stopper of the flask. The flask employed had a capacity of 155 c.c., 
and a surface area of 130 sq. cm. to the highest point to which the 
benzaldehyde splashed during shaking at 160 revolutions per min. 
The solid coil had a surface area, exposed to the shakenbenzaldehyde, 
of 31 sq. cm., or 24% of the area of the original surface. The 
volume of the coil was 6 c.c., and this was taken into account in 
calculating the absorption of oxygen. 

The experiments A were performed in sunlight at 5°, and B in the 
dark at 12*4°. The solid coil was omitted in A1 and B1 , and included 
in Al 2 and B2 ; t is the time interval from the start (in minutes) 
and j R the average rate of absorption of oxygen (c. mm. /min.). 


M. E. 


t. 

Al. 

A2. 

t. 

Bl. 

B2. 

0- — 3 

730 

640 

0—5 

445 

380 

4—6 

570 

550 

6—14 

156 

154 

7— -9 

530 

450 

15—24 

116 

120 

10—12 

400 

410 

25—35 

114 

107 

13—15 

430 

380 

36—44 

110 

107 

16— IS 

330 

290 

45—56 

100 

111 

19—21 

330 

320 

57—70 

114 

105 

22*^24 

330 

290 



25—27 

300 

290 




28—30 

270 

210 




0—30 

422 

383 

0—70 

140 

135 
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In experiments A the oxygen consumption declined by 9-2% when 
extra surface was included, and in B by 3*6%, whereas an increase 
of about 24% was to be anticipated if the reaction took place solely 
on the solid surface. Two other pairs of experiments were per- 
formed in the dark, at temperatures of 10*5° and 11*0°, and in each 
case a diminution of speed of about 4% on inclusion of the extra 
surface was noted. 

Series V . — In these experiments cylindrical glass bottles of about 
330 c.c. capacity and 5*2 cm. diameter were used. In bottle B the 
circular bottom was almost flat, in A it was slightly convex ; other- 
wise the bottles were similar. A differential water manometer, 
with a bottle of the same size containing only air saturated with 
water vapour, was used in each case. In those experiments where 
it was used, the light was supplied by a single electric bulb. For A, 
the distance of the bottle from the light was 88 cm., and for B, 44 cm. 
In all cases there was an initial rapid absorption which declined 
rapidly to an almost constant rate. The initial absorption was 
difficult to measure accurately and the irregularities are probably 
largely due to experimental error. The average rate of absorption 
over the period 14 — 104 minutes was taken as the significant rate 
for each experiment. 

Three types of experiment were made with each bottle. In the 
first, 12 c.c. of benzaldehyde were employed, in the second 12 c.c. of 
benzaldehyde and eight glass rods (of total surface approximately 
equivalent to the submerged surface of the containing bottle), and 
in the third 5 c.c. of benzaldehyde. The temperature of experiment 
throughout was 15*3 9 . In most experiments the first reading of 
the manometer was taken | minute after the benzaldehyde began 
to be run into the bottle. 

Bottle B. Light at 44 cm . 

Conditions. (1) 12 c.c. (2) 12 c.c. (3) 5 c.c, 

Ph-CHO. Ph-CHO + rods. Ph-CHO. 


t. 

B. 

if. 

B. 

t. 

B. 

i—l 

345 

i—l 

462 

i— l 

473 

1 — 3 

273 

1—3 

274 

!— 3 

293 

3—5 

208 

3—5 

228 

3—5 

211 

5—10 

172 

5—10 

149 

5 — 8 

173 

10—14 

137 

10—14 

112 

8—14 

126 

14—24 

120 

14—24; 

109 

14—24 

92 

24—42 

120 

24—36 

99 

24—34 

88 

42—62 

120 

36—47 

99 

34 — —43 

82 

62— S5 

114 

47—60 . 

106 

43—53 

85 

S5— 104 

114 

60— .72 

99 

53—67 

76 



72—91 

92 

67—78 

72 



91—104 

89 

, 78—88 ' 

63 




t 

88—104 


14—104 

117-2 

14—104 

98-2 

14—104 

76*5 


A repetition of the above experiments, and experiments under 
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the same three sets of conditions with B in the dark, and with A in 
the dark and the light, followed a similar course, and the following 
summary gives only the steady rates (values of R for 14 — 104 mins.). 


Values of It under conditions 


W- (2). (3). 

Bottle B. Light 117-2, 106-7 98-2, 96-8 76-5, 84*3 

„ Dark 48-0 41-6 48*3 

Bottle A. Light 62-7 67-4 55*7 

„ Dark 40-1 45*7 47-8 


These results show that the effect of doubling the solid-liquid 
interface is small. In A, it results in a slight increase in velocity, 
and in B in a reduction (a result confirmed in Series IX). The 
experiments of Beiff and Brunner make it probable that some 
portion, at least, of the reaction takes place on the solid surface. 
We may have here the net result of two opposite effects, an acceler- 
ation due to an increase in solid surface, and a diminution in velocity 
explainable in some other way. The fact that, in all experiments 
performed in the light, the velocity with a shallow layer of benz- 
aldehyde is markedly less than with a deep layer suggests that the 
diminution in velocity is due to earlier interruption of the reaction 
chain postulated by Christiansen and Backstrom. 

The fact that 5 c.c. of benzaldehyde absorb oxygen more slowly 
than 12 c.c. in a similar vessel can hardly be due to the greater 
proportional accumulation of benzoic acid, as the percentage of this 
acid formed in these experiments is always low and quite insufficient 
to explain the results. The latter appear to contradict Reiff 9 s 
experiments in which 2 c.c. of benzaldehyde over 5 c.c. of sand 
absorbed oxygen twice as quickly as 5 c.c. of benzaldehyde over 
5 c.c. of sand. The difference is probably due to the fact that the 
particular sand used had a much more active, as well as more 
extensive, surface than the glass vessel, and the acceleration here 
outweighed the diminution in velocity due to earlier interruption of 
the reaction chain. On this theory, the fact that addition of extra 
surface to A results in a small increase in velocity, in contrast to the 
result in B, may be due to the different distribution of liquid and 
solid resulting from the slight convexity of the bottom of A. The 
relative importance of the two opposite effects may, therefore, be 
different in the two bottles. 

Series Fi.— These experiments were performed with three tubes 
of 34 c.c. capacity and 1*4 cm. diameter, prepared from uniform 
soft-glass tubing. One tube (T) was left in its original condition. 
Another (X) was narrowed slightly, and in the third (W) a small bulb 
was blown, in positions such that 6 c.c. of benzaldehyde filled the 
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tube to the centre of the narrowing or the bulb respectively. Allow- 
ance being made for the liquid creeping on the glass to the extent of 
0*3 cm., the total liquid surfaces in T, N, and W, respectively, were 
3*1, 2*5, and 5*9 sq. cm., or in the ratio 1*0 : 0*81 : 1*90. (If the creep 
surface is neglected the ratio is 1*0 : 0*69 : 2*20.) We have, therefore, 
three similar vessels, containing the same amounts of air (28 c.c.) 
and benzaldehyde (6 c.c.), and with almost identical solid surfaces 
(submerged area — 22 sq. cm.), but differing in the area of the 
liquid-gas interface. 

Experiments with the light at 44 cm., at 15*3°, showed that the 
relative steady velocities in T, N, and W for the period 14 — 104 
minutes were 1*0, 0*84, and 2*03, or roughly in the ratio of the areas 
of the liquid-gas interface. 

Series VII . — It was thought desirable to repeat Reiff’s experi- 
ments in which contact of benzaldehyde with the glass surface was 
prevented by coating the glass w r ith paraffin wax. Experiments 
were made simultaneously with two similar bottles, one of plain 
glass, the other lined with paraffin wax. After the subsidence of the 
short initial period of rapid oxidation (14 mins.), the velocity of 
reaction in the glass vessel remained almost constant for over an 
hour. The velocity in the wax-lined vessel, which, at the end of the 
14 minutes, was little less than that in the glass vessel, fell off 
continuously. 

An examination of Reiff J s curves showed that this happened in 
his experiment also, although to a less extent. As melted paraffin 
wax and benzaldehyde are freely miscible, it seemed likely that 
benzaldehyde would dissolve some solid paraffin wax. It was found 
that benzaldehyde which had been left over-night under nitrogen in 
contact with paraffin wax at 15° did not oxidise appreciably for at 
least an hour when placed in contact with air. Paraffin wax is 
therefore dissolved, and is a remarkably good inhibitor. The wax 
used melted at 71° and may have dissolved in benzaldehyde more 
rapidly than that employed by Reiff. 

These experiments make it clear that paraffin wax is not a suitable 
substance for covering the glass walls of the vessel. The possibility 
was next considered of floating the benzaldehyde on the surface of an 
inorganic liquid of higher density. Contact with the solid surface 
would thus be greatly reduced, and the surface of a liquid can 
hardly present “ active points ” for heterogeneous catalysis, such 
as are believed to be present in a solid catalytic surface. Water is 
not sufficiently dense, and it was found that benzaldehyde wffiich 
had been left in contact with a concentrated solution of sodium 
chloride oxidised much less rapidly than normally, having suffered 
partial inhibition; a concentrated solution of calcium chloride, 
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however, proved satisfactory, for benzaldehyde which had been 
thoroughly shaken with it still oxidised almost as rapidly as before. 

A glass-stoppered vessel was filled completely with equal volumes 
of feenzaldehyde and calcium chloride solution and shaken vigorously 
for i hour. Three cylindrical glass bottles of 290 c.c. capacity and 
5-8 cm. diameter were connected to the same water manometer. 
One was used as a control ; into the second (A) were put 10 c.c. of 
the calcium chloride solution, and 10 c.c. of benzaldehyde previously 
shaken with calcium chloride were carefully floated on top of it; 
and into the third (B) were put 10 c.c. of the shaken benzaldehyde, 
in direct contact with the glass. 

Allowing for the rise of liquid on the walls due to surface tension, 
the ratio of glass surface in contact with benzaldehyde in A and B 
was 1*0 : 34. The following results were obtained.. 

A ft 4—1 1 — 3 3—5 5—7 7—10 10—15 15—25 25—48 48—61 5—61 

A \R "120 135 141 141 126 132 126 123 117 123 

t» ft 4—2 2—4 4—5 5—7 7—9 9—12 12—17 17—27 27—50 50—63 5—63 

a 1 R 84 75 120 120 120 120 126 134 135 132 132 

The velocity of oxidation in A was about 7% less than in B, 
instead of 70% less, as would be expected if the reaction were entirely 
initiated at the glass surfaces. It is noteworthy that these experi- 
ments are the only ones performed by the author in which the 
initial rapid absorption, subsiding after the first few minutes, was 
absent. The explanation of this phenomenon is still far from 
clear. 

Experiments similar to those of Reiff with sand (already 
quoted) were also performed, but the geometrical surface area of the 
silver sand used was evaluated. 1,000 Grains of sand weighed 
0*0081 g. The density was 2-6, from which it was calculated (on 
the assumption that the grains were spherical) that 275 grains have 
a surface area of 1 sq. cm. 

The bottles used for the experiment were similar to those employed 
in Series V, and the area of glass covered by 10 c.c. of benzaldehyde 
was about 35 sq. cm. The weight of sand having approximately 
the same surface area is only 0*08 g. The following results (mean of 
several experiments) were obtained at 12*7°. 


B (14 — 74 minutes). 

10 e.e. Benzaldehyde 50 

{a) 10 e.e. Benzaldehyde + 0*08 g. sand 46*5 

(b) 5 c.c. Benzaldehyde -f* 10 g. sand 33 

(c) 11 c.c. Benzaldehyde -j- 10 g. sand 54 


These results are quite unlike those of Reiff, but resemble closely 
those of Series V, in that addition of a sand surface comparable in 
area with that of the original glass (a) has little effect, while reduction 
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in the depth of liquid (b) diminishes the oxidation. When the 
original depth of liquid is restored (c) (1 c.c. of benzaldehyde extra 
being allowed for soakage between the grains of sand), the velocity 
is restored to a value only a little faster than the original. The 
difference between these results and Reiff s is probably due to the 
fact that his sand had a surface of much greater specific activity than 
the silver sand used in these experiments. 

Series VIII . — The following experiments on benzaldehyde which 
contained sulphur as an inhibitor were made with the light at 44 cm., 
and with tubes T and W (see Series VI) . The temperature was 15*3°. 
Since in many of the experiments, the reaction velocity did not 
become constant as quickly as in the experiments with large bottles 
(Series V), the mean velocity for the period 34 — 104 minutes was 
considered the significant velocity. The following is a summary of 


the results 

Sulphur, 

E (34— 

-104), 

Ratio, 

W/T. 

of original. 

Diminution % 
for each part of 
sulphur per 10 6 . 

parts per 

* *- 

s 

✓ 

, 




10 6 . 

T. 

W. 

T. 

W. 

T. 

W. 

Ml 

1-8 66 

3*475 

1*86 

100 

100 



3-3 

1*582 

2*927 

1*85 

84-S 

84*2 

4*61 

4*79 

10 

0*612 

1*028 

1*68 

32*8 

29*6 

7*76 

8*15 

20 

0*555 

0*920 

1*66 

29*8 

26*5 

0*30 

0*31 

100 

0*280 

0*434 

1*55 

15*0 

12*5 

0*19 

0*18 

1000 

0*124 

0*124 

1*00 

6*6 

3*6 

0*009 

0*010 


Trom these results the following facts emerge. 

(1) The ratio of velocities in W and T remains fairly constant as 
long as the amount of inhibitor present is small. 

(2) The effect of each part of sulphur per million appears to be less 
for the first 3-3 parts than for the next 6-7 parts. That this pheno- 
menon is due to adsorption of sulphur on the solid surface is shown 
by Series IX. Proportionately more of the first sulphur added is 
removed from solution, for the solid surface probably becomes 
rapidly saturated with sulphur. This result is the opposite of what 
would be expected if the reaction were wholly initiated on the solid 
surface. 

(3) The addition of sulphur causes a very rapid diminution in 
reaction velocity until the velocity has been reduced to about 30% 
of the original. After that, further addition of sulphur has a much 
smaller effect. This suggests that about 70% of the reaction takes 
place in ways readily affected by inhibitors, and about 30% (in 
vessels of the shape employed) in ways not readily affected. 

Series IX — A few experiments were made with tubes W and T, to 
which had been added glass rods of 10 sq. cm. surface area (about 
45% of the submerged surface of the tube) and volume T15 c.c. 
Only 4*85 c.c. of benzaldehyde were used, so that the liquid level 
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stood at the same points as before. The other conditions were as 
in Series VIII. 

Diminution % for 


Sulphur, 
parts per 
I0«. 

i? (34 — 

-104). 

Velocity as % of 
original. 

each part of sulphur 
per 10*. 

T. 

W.' 

T. 

W. 

T. 

W. 

Nil 

10 

1-704 

1-184 

3-135 

2-246 

100 

69*5 

100 

71-6 

3-05 

2*84 

20 

0-523 

0-S6S 

30-7 

27-7 

3-88 

4-39 


These results confirm the fact already noted, that the addition of 
extra glass surface to benzaldehyde containing no inhibitor is accom- 
panied by a reduction rather than an acceleration in velocity. The 
further reduction due to the addition of 10 parts of sulphur per 
million parts is only about 30% instead of 70%, as in the case of 
benzaldehyde containing no extra glass surface, but 20 parts of 
sulphur cause a total reduction of about 71%, as against 72% in 
Series VEIL There is here more solid surface for adsorption of 
inhibitor, and therefore, with small amounts of inhibitor added, the 
amount of inhibitor actually available is much less than one would 
expect. 

Dismission. 

It is clear from Series II, VI, and VIII that the velocity of 
oxidation in unshaken vessels is approximately proportional to the 
area of the liquid-gas interface. This fact could be reconciled with 
any of the three following theories : (1 ) that the reaction is initiated 
at this interface, (2) that we are measuring a diffusion rate, the 
reaction taking place in the homogeneous phase, (3) that we are 
measuring a diffusion rate, the reaction taking place at the solid- 
liquid interface. 

Let us first consider theory (3). It is shown in Series I, III, and 
IX, that addition of extra glass surface is accompanied by no increase 
in velocity. This can be reconciled with theory (3) only if we assume 
that the surface of the containing vessel is so eatalytically <e active 
that it is already more than sufficient for all the oxygen that reaches 
it, and that the addition of extra surface merely means the substitu- 
tion of new “ active points ” for some of the original. 

The results of Series IV show that we must further assume an 
ability to cope with the much greater quantity of oxygen which 
would diffuse to the solid surface when the vessel is shaken at 160 
revolutions per minute. 

The writer has also performed experiments which show that the 
velocity of oxidation increases with rate of shaking (and therefore 
rate of diffusion of oxygen) up to the maximum velocity employed 
(160r.p.m.). 

The experiment performed in Series VII, with benzaldehyde 
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floated on calcium chloride solution, seems to prove definitely that 
the reaction is not, in the main, a solid surface phenomenon, for the 
glass-benzaldehyde interface in the vessel A is only to be found 
round the edges of the vessel, and is not likely to be reached at all 
by most of the molecules of oxygen which diffuse into the benz- 
aldehyde near the centre of the liquid surface. 

The experiments with sand in Series VII showed that the substitu- 
tion for glass of an enormously greater surface of silver sand increases 
very little the velocity of reaction, and these experiments, as well 
as those in Series V, indicate that when the solid surface is brought 
nearer to the oxygen by diminishing the depth of liquid, the result 
(in experiments in the light) is a diminution of speed rather than an 
increase. 

The sand experiments suggest that the results obtained by Reiff 
are exceptional and must be due to the fact that the sand used by 
him acted as a decided positive catalyst. This theory, however, 
conflicts with the idea that we are measuring a diffusion rate to the 
glass surface where reaction takes place practically instantaneously, 
for, if this be the case, the substitution of a more active solid surface 
can make no appreciable change in velocity. 

The results quoted in Series VIII, and discussed in (2) under that 
series, also militate against a solid-surface theory. 

The experiments described in this paper afford no means of dis- 
criminating with certainty between a homogeneous reaction in 
which a minute proportion of inhibitor acts by interrupting a chain 
which would otherwise be much longer, and a reaction initiated at 
the liquid surface and checked by an inhibitor adsorbed at this 
surface in high concentration. There are several points, however, 
which incline the author towards the view that the latter type of 
reaction is the more important. 

The experiments of Series VIII show that the velocity of oxidation 
is reduced by 70% by the addition of 10 parts of sulphur per million 
parts, while the addition of further sulphur has a very much smaller 
effect on the velocity. If these results are plotted, a curve is 
obtained very similar to that obtained for the effect of pyridine on 
the esterification of ethyl alcohol and acetic acid (J., 1928, 1204). 
In the latter case, the portion of the reaction which is readily 
affected by small amounts of inhibitor was shown to be a surface 
reaction, while the portion not readily affected is probably a homo- 
geneous reaction. It is at least possible that the similarity of curve 
is due to a similarity of cause. 

In the second place, the idea that the reaction is largely initiated 
in the surface layer seems reasonable of itself. The concentration 
of oxygen in the surface layer is clearly higher than in the body of the 
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liquid, unless we assume that no reaction takes place until the solid 
surface is reached, an assumption which the author has given 
reasons for rejecting. 

The higher concentration of oxygen in the surface layer should 
mean more reaction in that layer, but the percentage of inhibition 
will not be greater there than elsewhere unless there is a preferential 
concentration of inhibitor at the liquid-gas interface. This hypo- 
thesis is so far untested in this case, but experiments on the problem 
are projected. The possibility that they may yield positive results 
is increased by the results of experiments by McBain and Davies 
(/. Amer. Chem. Soc ., 1927, 49, 2230) and Laing, McBain, and 
Harrison (Colloid Sytnposium Monograph , 1928, 6, 63), who have 
shown that, in the case of aqueous solutions of such diverse sub- 
stances as p~ toluidine, camphor, amyl alcohol, and sodium oleate, 
the surface concentration of the solute is high even in dilute solutions, 
and that, when the bulk concentration reaches 1 — 5 g. per litre, a 
surface layer more than one molecule thick is composed almost 
entirely of solute molecules. 

A theory that the reaction is initiated to a considerable extent at 
the liquid surface does not necessarily conflict with the belief that 
the reaction is a chain reaction. It merely modifies it by suggesting 
that the reaction chain usually begins at the liquid surface, where it 
is more readily interrupted by an inhibitor concentrated there than 
when it begins in the homogeneous phase where the concentration 
of inhibitor is lower. The reduction in velocity when the depth of 
liquid is reduced (Series V and VII) may be due to earlier interrup- 
tion of the reaction chain by collision with the solid surface. The 
diminution of reaction in Series III has probably a similar 
explanation. 

The writer desires to record his indebtedness to the trustees of the 
J. M. Purser Bund (Trinity College, Dublin) for a grant for the 
purchase of pure benzaldehyde. 

Teenity College, Dublin. [Received, June 25th, 1929 .] 


XX . — The Conversion of IS-Chloroacetanilide into 
’p-Chloroacetanilide by Hydrogen and Chlorine Ions . 

By Joseph Watkin Belton. 

The theory that the velocity of a chemical reaction in a homo- 
geneous liquid system is determined by the activities of the 
chemical species concerned has met with some measure of success 
in certain cases, such as the inversion of sucrose (Jones and Lewis, 
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J., 1920, 117, 1120; Moran and Lewis, J., 1922, 121, 1613; 
Scatchard, J. Amer. Chem. Soc ., 1923, 45, 1580) and the catalytic 
decomposition of hydrogen peroxide by bromine-bromide solutions 
(Livingston and Bra^, ibid., p. 2048; Livingston, ibid., 1926, 48, 
53). On the other hand, the velocities of some reactions appear 
to be adequately expressed in terms of the concentrations of the 
reactants. The velocity of hydrolysis of ethyl acetate catalysed 
by hydrochloric acid, considered by Harned and Pfanstiel (ibid., 
1922, 44, 2194) to be determined by an activity relationship, has 
recently been found by Dawson and Lowson (J., 1928, 2146) to 
be proportional to the concentration of the acid over a range 
0*0002—-0*2df, through which the activity coefficient of the hydrogen 
ion falls by 14%. The velocity of the mutarotation of glucose in 
water is proportional to the concentration of glucose up to 0*6Jf , 
and the deviations up to five times this concentration are not 
great (Hudson and Dale, J. Amer. Chem. Soc., 1917, 39, 320). 
According to the theory of reaction velocity in solutions developed 
by Bronsted (Z. physikaZ. Chem., 1922, 102, 169 ; 1925, 115, 337), 
the above conflicting views are special cases of a more general 
velocity equation which involves the activity coefficients of the 
reactants and of an intermediate complex. A well-known example 
of a reaction in which the rate is proportional to the activities of 
the reactants is the conversion of N - into p-chloroacetanilide, 
which occurs in the presence of hydrogen and chlorine ions. It is 
shown below, however, that the activity theory of reaction rate is 
of only limited application in this case, and that it breaks down 
completely when the concentrations of hydrogen and chlorine ions 
are not equal. 

This reaction, which apparently follows a u nim olecular course, 
takes place in two stages (Orton and Jones, Brit. Ass. Rep., 1910, 
85) : 

Ph-NClAc + W + Cl' ^ Ph-NHAc + CL, .... (a) 

PhdSTHAc + CL* -> C 6 H 4 C1 *NHAc + H* + 01' . . . (6) 

and only in the presence of both hydrogen and chlorine ions, either 
ion alone being ineffective. The first stage, being slow compared 
with the second, determines the velocity of the change. The 
specific velocity was found by Harned and Seitz (J. Amer . Chem. 
Soc., 1922, 44, 1476) to be proportional to the product of the 
activities of the hydrogen and the chlorine ions; at constant 
temperature their results were satisfactorily represented by the 
relation 

— ki!(Lx*QjQy ... . . . . . ( 1 ) 

where lc 1 is the experimentally determined unimolecular velocity 
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coefficient, a a * and a a * are the activities of the respective ions, 
and K is a Constant varying only with temperature. This expres- 
sion was modified by Soper and Pryde (J., 1927, 2761), who found 
that better agreement was obtained when the theoretically justified 
equation 

K = &i/&H*&cr/:Nci * ... . (2) 

was employed, f :sa being the activity coefficient of the JV-chloro- 
acetanilide. If the velocity of the change is proportional to the 
activities of the reacting substances, then we may write 

V = — K&r? &Cl'^'*NCljf*XC 1* 

The measured velocity coefficient is given by h x — «/C ;Ncl , and 
consequently K — h 1 ja R ^a cr f :scl . Thus, on this basis the equation 
employed by Soper and Pryde, rather than that of Harned and 
Seitz, should be applicable. 

In both these investigations the reaction was carried out in the 
presence of pure hydrochloric acid, in which case the hydrogen- 
and the chlorine-ion concentrations are necessarily equal. It 
would appear possible by varying independently the concentration 
of the two ions, by the addition of acids or of chlorides, to test the 
applicability of the above equation over a wider range. Measure- 
ments of the effect of neutral salts have been made by Rivett ( Z . 
physikal . Client., 1913, 82, 201 ; 85, 113), but the concentration 
terms in which they are expressed render them unsuited for the 
test of an activity theory of reaction rate. The reaction has there- 
fore been investigated in the presence of mixtures of hydrochloric 
acid with sodium chloride and with perchloric acid over a wide 
concentration range. 


Experimental. 

To a solution of N -chloroacet anilide, together with the req uir ed 
amount of sodium chloride or perchloric acid, was added the appro- 
priate quantity of pure hydrochloric acid of known strength, both 
solutions having been first kept for some time at the temperature 
of reaction — in all cases 25° (±0*02°). The reaction was then 
followed iodometrically : at definite times samples were removed 
and treated with potassium iodide solution and the liberated iodine 
was titrated with N/ 130-thiosulphate. 

A complication is introduced by the ^-chlorination of the anilides 
formed (Soper, J. Physical Chem 1927, 31, 1193), such products 
reacting with potassium iodide with liberation of iodine. This takes 
place only to a small extent, and its obviation by the presence of a 
chlorine acceptor is difficult in salt solutions of high concentration, 
in which salting-out effects are considerable. Further, in the more 
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dilute solutions, it was not possible to obtain reproducible results 
on employing 39-cresol as such an acceptor. Hydrolysis of the 
IV'-chloroacetanilide also occurs to a small extent as a side reaction, 
the result of which is to introduce a small error in a direction opposite 
to that caused by iV-chlorination. No attempt has been made here 
to apply a correction for either of these effects, which tend to annul 
each other, for it may be shown that the maximum error intro- 
duced thereby is of the order of 3%, which is only little greater 
than the possible experimental error and is too small to invalidate 
the general conclusions reached. 

The velocity coefficients were calculated from the unimolecular 
equation Jc 1 = Ijt . log T x jT % , where T 1 and T 2 are two successive 
titres and t is the time interval between them. For each reaction 


Fig. 1. 



□ Pure HCI. X 0-05/V-HC1 + NaCl. © (MSAT-HCl + 4JV-NaN'O a . 

a good constant was obtained. In order to avoid errors due to 
lack of homogeneity and to increase in temperature on mixing, 
some time was allowed to elapse between the addition of hydro- 
chloric acid and the initial titration. The specific rate of reaction 
of i^-chloroacetanilide and pure hydrochloric acid at 25° was found 
to be in agreement with the results of Harned and Seitz (loc. cit .), 
whose values have been used in plotting K ± against C K -C C y for 
pure hydrochloric acid in Figs 1. and 2. 

Rate of Reaction in Hydrochloric Acid-Sodium Chloride Mixtures . 
— The rate of reaction was measured in mixtures in which the 
concentration of hydrochloric acid was kept approximately con- 
stant whilst that of sodium chloride was progressively increased. 
Table I gives the values of the unimolecular velocity coefficient 
{k x ) in mixtures in which the concentration of hydrochloric acid 
(£hci) varied only between 0*050 and 0*0531f, while that of sodium 
chloride (0 NaC1 ) varied from 0*1 to 4*2if. Concentrations through- 
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out are expressed in terms of mols. of solute per 1000 g. of water. 
The product of the ionic concentrations of hydrogen and chlorine 
ions (C K -C L ‘ V ) is also given, these being calculated on the basis of 
complete electrolytic dissociation. 


Table I. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 




C'jiaO 

O&c i- 

Ca-Cci'. 

k x . 10*. 

feci- 

.feci* 

(7).* 

(8).* 

(9)* 

— 

0*05 

0*0025 

1*25 

0*860 

— 

0*0500 

0*0676 

; — - . 

0*10 

0*05 

0*0075 

3*04 

0*804 

1*04 

0*0405 

0*0627 

0*0603 

0*201 

0*0502 

0*0126 

4*55 

0*778 

1*08 

0*0361 

0*0598 

0*0554 

0*302 

0*0504 

0*0178 

6*05 

0*765 

1*12 

0*0340 

0*0582 

0*0520 

0*404 

0*0505 

0*0229 

7*63 

0*759 

1*16 

0*0333 

0*0579 

0*0497 

0*505 

0*0506 

0*0281 

9*17 

0*757 

1*21 

0*0326 

0*0570 

0*0471 

0*608 

0*0507 

0*0334 

10*8 

0*758 

1*26 

0*0323 

0*0563 

0*0448 

1*021 

0*0510 

0*0547 

17*6 

0*785 

1*47 

0*0322 

0*0522 

0*0355 

2*074 

0*0519 

0*110 

37*0 

0*945 

2*19 

0*0336 

0*0376 

0*0172 

3*152 

0*0525 

0*168 

67*0 

1*216 

3*25 

0*0399 

0*0269 

0*0083 

3*697 

0*0528 

0*198 

85*0 

1*402 

4*02 

0*0429 

0*0217 

0*0054 

4*249 

0*0531 

0*229 

110*0 

1*628 

4*91 

0-04S0 

0*0182 

0*0037 


* Cols. 7, 8, and 9 give the values of IsJC^rOck 1 , &i/CWCci'/ 2 hci» and 
kilCu-C cr/ 3 Hci/:xci, respectively. 


In Fig. 1 these values are compared with those obtaining in 
pure hydrochloric acid solutions. It will be observed that for the 
latter the velocity coefficient varies linearly with the product 
Cjt-Cci' over the concentration range employed, while in the pres- 
ence of increasing sodium chloride concentration, the corresponding 
curve first lies below and then, at higher concentrations, above that 
for the pure acid. A similar behaviour is shown in the case of 
reactions carried out with a higher concentration of hydrochloric 
acid, again with progressive addition of sodium chloride. The 
values of the unimolecular velocity coefficients obtained in these 
reactions are given in Table II, and the relation between them and 
the product of the concentrations of the hydrogen and chlorine 
ions is shown in Fig. 2. The curve obtained is similar in general 
form to that found for mixtures of 0*05 Jf -hydrochloric acid with 
sodium chloride. 





Table II. 



CWaCl* 

£sc :• 


Tc ± . 10 3 . 

feci* 


0*499 

0*202 

0*142 

5*03 

0*765 

0*0354 

0*0607 

1*007 

0*204 

0*247 

8*47 

0*806 

0*0343 

0*0529 

2*110 

0*207 

0*481 

17*2 

0*992 

G-035S 

0*0458 

3*244 

0*210 

0*725 

32*7 

1*307 

0*0451 

0*0264 

In order to 

test the 

applicability of 

equation (2), 

i.e., of the 


simple activity theory of reaction rate, a knowledge is required of 
the activities of hydrochloric acid and of the activity coefficient of 
i^-chloroacetanilide in the systems investigated. The mean activity 
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coefficients of hydrochloric acid in sodium chloride solutions are 
given with sufficient accuracy by an equation proposed on empirical 
grounds by Harned and Brumbaugh (J. Amer. Chem . Soc., 1922, 
44, 2729), viz., 

log/sci = ccc — + a"(^ — c), 

in which a, a', a", and (3 are constants, c is the molar concentration 
of hydrochloric acid, and y. the ionic strength of the solution. The 


Pig. 2. 

0-04i 



values of / HC i calculated from this expression are given in col. 5 of 
Table I. The. activity of the hydrochloric acid is given by 

a Rci — G'h.'Q’cv == fuaP± — /hci^h’^ci 

where C ± is the mean molality of the ions. 

The activity coefficients of the chloroamide were determined by 
solubility measurements in sodium chloride solutions of concen- 
trations between 0T and 4i¥. The iV-chloroacetanilide was shaken 
in a thermostat for some time with a sodium chloride solution of 
known strength, and a sample rapidly withdrawn through a plug 
of cotton- wool, by means of a pump. The sample was weighed, 
and the amount of N -chloroacetanilide present estimated iodometric- 
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ally. From these data its solubility in mols. per 1000 g. of water 
is calculable. It may be assumed that the presence of 0*0 5Af- 
hydrochloric acid would have but little effect on the solubility in 
comparison with the concentrations of sodium chloride employed. 
The activity coefficient of the chloroamide in solution is given by 
m Q jm s , where m 0 is the solubility in pure water, and m a that in the 
salt solution. The activity coefficients found in this way are given 
in col. 6 of Table I. Incidentally, it may be mentioned that the 
function, log/ :JSC1} varied linearly with the ionic strength of the 
solution up to a value = 4*3. 

The numerical values of the expression kJC^-Gcvfs.cb given in 
col. 8 of Table I, are seen to fall throughout with increasing sodium 
chloride concentration, the value in 4- 3ill- sodium chloride solution 
being only one-third of that in 0* Of -solution. For comparison, 
the values of ^ lt IC K -C cv are given in col. 7. Over the same con- 
centration range, the activity coefficient of the N -chloroacetanilide 
increases from 1*04 to 4*91, and consequently the values of the 
expression k 1 ja a .a cv f : ^ C i (col. 9) fall still more rapidly than those 
of (1). If the velocity of reaction were proportional to the activities 
of the reacting substances, this expression should be constant at 
constant temperature; hence the simple activity theory does not 
apply when sodium chloride is present. A similar divergence is 
found in the case of more concentrated hydrochloric acid solutions. 
The values of Jc 1 !C K ^C cr f^ C i fall rapidly, and although no numerical 
data are available, on account of the difficulties involved in the 
determination of solubilities in hydrochloric acid-sodium chloride 
mixtures, the activity coefficients of the chloroamide in such solu- 
tions would doubtless increase and produce a still greater decrease 
in the value of expression (2) than in that of (1). 

On the basis of Bronsted’s theory of the velocity of chemical 
reactions in solutions, the formation of a critical complex between 
hydrogen ions, chlorine ions, and chloroamide might be assumed. 
This would give for the velocity of reaction 

— AO H *C cl ,a NCJ / H */ cj'/:nci//:nci,hci .... (3) 

where / : ^ci.hci is the activity coefficient of the critical complex. 
If it be assumed that this magnitude varies with the ionic strength 
of the solution in the same way as does/ ;xcl , this expression becomes 

V = JKOft'Cci'C 'SCifs* fey — K(Z^d C yC^Qi, 

according to which expression (1} should be constant, but this has 
been found not to be the case. The numerical values of the terms 
in equation (3) are known, with the exception of the activity 
coefficient of the complex. The value of / :nC]>HC] /A is thus calcul- 
able, and is found to increase 16 -fold over the concentration range 
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of Table I. Up to a concentration of Ilf -sodium chloride, how- 
ever, this increase is 70%, which might be regarded as a possible 
(although abnormal) increase for the activity coefficient, but it is 
found that its logarithm does not bear a linear relation to the ionic 
strength of the solution, as was found to be the case for I^-chloro- 
acetanilide itself. A further possibility is the formation of a singly 
charged complex between the chloroamide and either hydrogen or 
chlorine ions. This leads to an expression for the velocity v — 
ZC f H *U :NCI / H -/ : Nci//:N T c],H* J but this does not lead to a constant value 
of K if similar variation of the activity coefficients of the positively 
charged ions is assumed. A similar result is obtained if Cl' is sub- 
stituted for H* in the above equation. It therefore appears to be 
impossible to formulate an expression, based on the formation of 
a critical complex by the reactants, which shall agree with the 
experimental results. 

A comparison of the curves obtained with mixtures of hydro- 
chloric acid and sodium chloride, and those of hydrochloric acid 
alone or with perchloric acid (described below) indicates that the 
sodium ion exerts some effect on the rate of reaction. In this 
connexion it is of interest to consider the effect of neutral salts 
not containing chlorine ions on the velocity coefficient. It was 
found that with 0*05Jf -hydrochloric acid, the addition of 4 M- 
sodium nitrate produced no sensible increase in the value of Jc v 
but that with 0*481f-acid and 4ikf-nitrate {C K .C cv — 0*23) a slight 
increase in rate resulted. The latter point is plotted in Fig. 1. 
This behaviour might be expected if the reaction were of Bronsted’s 
Type 0, in which little salt action is found. The action of sodium 
chloride is to produce first a slight negative, and then a positive 
salt effect, and in one case of the reaction types described by 
Bronsted (loc. cit.), the kinetic activity factor (F) possesses a value 
first less and then greater than unity (Type IT). This, however, 
involves the formation of a doubly charged complex, but it would 
appear difficult to formulate a mechanism of the reaction on this 
basis. 

The Rate of Reaction in Hydrochloric-Perchloric Acid Mixtures . — 
In the experiments described above, the concentration of the 
chlorine ion was varied over a wide range in comparison with that 
of the hydrogen ion. By the addition of perchloric acid, which 
may be regarded as completely dissociated in solution, the con- 
centration of the hydrogen ion may be made much greater than 
that of the chlorine ion. The experimental procedure was identical 
with that for sodium chloride solutions. In each case a good 
unimolecular velocity coefficient was obtained and these are given 
in Table III together with the corresponding concentration data. 
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Cffci* 

C'hohv 

Ck‘C G i'- 

Table III. 

, . 10 1 . Ch cl 

Chgkv 

C&Cc v* 

h x . 10 4 . 

0*05 

0*0935 

0*0072 

3*2 

0-404 

0*0570 

0*187 

76*4 

0*051 

0*201 

0*0132 

5*3 

0-40S 

0-217 

0*255 

101*2 

0*101 

0*0713 

0*0173 

7*3 

0*410 

0*297 

0*289 

117*0 

0*051 

0*347 

0*0203 

7-8 

0*423 

0*836 

0*533 

220-0 

0*052 

0*792 

0*0442 

16*6 

0-429 

1*093 

0*653 

270-0 

0*4:04 

0*0187 

0-171 

69*5 






The relation between the specific velocity of reaction and the 
product of the ionic concentrations is given in Fig. 2. It shows 
that within the range investigated (up to C s -C c v = 0-65), the 
unimolecular velocity coefficient varies linearly with the product 
of the molal concentrations of the hydrogen and chlorine ions. 
The velocity would then be represented by v == KG^CcvC^ci* 
There appears, then, to be no need to introduce the activity theory 
of reaction rate in this case, the velocity of reaction being pro- 
portional to the concentrations of the reacting substances. This 
result would be in agreement with Bronsted’s theory of reaction 
velocity only if the kinetic activity factor (F) showed no variation 
over the concentration range considered, but it is probable that 
the activity coefficient, / 0 , of an uncharged molecule would decrease 
by about 12% in an acid solution of ji = 1*5. 

Summary . 

The rate of conversion of A T - into p - chlor oac et anilide in the pres- 
ence of (1) hydrochloric acid-sodium chloride and (2) hydrochloric 
acid-perchloric acid mixtures has been measured over a wide 
concentration range. - 

In series (1) the specific rate bears no relation to the activities 
of the reactants, showing that the activity theory of reaction rate 
is only of very limited applicability to this reaction. Reaction 
mechanisms involving the formation of a charged complex, accord- 
ing to the views of Bronsted, also gave no agreement with the 
experimental data. In mixtures of series (2) the specific rate is 
proportional to the molal concentrations of hydrogen and of chlorine 
ions. 

In conclusion, the author wishes to express his thanks to Pro- 
fessor H. M. Dawson for the facilities that made the work possible, 
and for his interest in it during its course. 

The Univehsity, Leeds. [Received, September 11th, 1929.] 
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XXI . — The Unsaturation and Tautomeric Mobility of 
Heterocyclic Compounds. Part /. Benzthiazole 
and Dihydrobenzthiazole Derivatives . 

By Robert Fergus Hunter.' 

The objects of this series of investigations are : to study the 
che mis try of the azole bromides, to compare the mobility of sym- 
metrical and unsymmetrical semicyclic triad systems, and to corre- 
late the additive properties of such heterocyclic derivatives with 
their behaviour as tautomeric substances. 

Benzthiazole was chosen as the starting point of the investigation. 
According to the conditions of bromination it gave rise either to a 
well-defined dibromide or to an unstable tetrabromide, to which the 
formulae (I) and (II) respectively are assigned on the following 
grounds. 

(i) The colour, thermal dissociation, and the ease with which the 
compounds regenerate the original base on treatment with sulphur- 
ous acid, hydriodic acid, ammonia, and similar reagents show that 
they are additive compounds, (ii) The inability of thiophen to 
give rise to anything in the nature of an additive complex with 
bromine under the mildest conditions, the existence of pyridine 
tetrabromide (Trowbridge, J . Amer. Chem. Soc., 1897, 19, 558), and 
the preparation of quinoline tetrabromide (Grimaux, Bull. Soc . 
chim ., 1882, 38, 124) in a condition of reasonable purity (p. 132) 
indicate that the nuclear nitrogen atom is the seat, of unsaturation 
in the thiazole ring. 

Regarding the electronic formulation of such compounds, it is 
suggested, since the fifth nitrogen valency is always an electro- 
valency, that the labile bromine atoms in the dibromide (I) are 
held by the nuclear nitrogen atom by means of semipolar single 
bonds, after the manner in which the labile chlorine atoms in phos- 
phorus pentachloride are supposed to be held by the phosphorus 
atom (Prideaux, Chem. and Ind., 1923, 42, 672 ; Ingold and Ingold, 
J., 1926, 1315; Sugden, J., 1927, 1176). On such a basis, the 
elimination of Br a in preference to Br ion from the higher compounds 
and the facility with which many of the compounds, such as 1 -amino- 
benzthiazole dibromide, pass into the hydrobromides of the corre- 
sponding 5-bromo-substituted bases (reversion to ammonium-ion 
structure) are readily accounted for. The inhibitory effect of the 
nitro-group on the formation of such compounds (Hunter, J., 1926; 
538) also becomes explicable, since the positive end of the semi- 
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polar double bond, 0~N*C , would tend to attract electrons 
from all parts of the molecule. 

The formation of a tetrabromide (II) by a repetition of the pro- 
cess of singlet sharing is not diffi cult to visualise, but there is, how- 
ever, the possibility that the second pair of labile electrons of the 
nuclear sulphur atom which are not required for the formation of 
the sextuple group (III) (Armit and Robinson, J., 1925, 127, 1605; 
Goss and Ingold, J., 1928, 1268) might become sufficiently activated, 
under certain conditions, to give rise to a tetrabromide of the type 
(IV). On the other hand, the inability of stable tetrabromides, 
such as 1 -phenvlbenzthiazole tetrabromide, to yield sulphoxides 
of the type (V) is strong evidence in favour of the formula (II). 


(HI.) 




-' 6 ax 4 < 


SOv 

^ ru 


/SBr 2 , 

C 6 H/ >CPh (IV.) 
\NBr 2 ^ 



(VI.) 


The bromides of benzthiazole present a direct anomaly to all the 
other compounds of the series in their conversion into a tetrabromo - 
benzthiazole under the influence of hydroxy lie solvents. 

The lack of reactivity of the halogen atoms in this tetrabromo- 
compound in contrast to the behaviour of 1-chlorobenzthiazole to- 
wards hydroxvlic and reducing agents (Hofmann, Her., 1879, 12, 
1126; 1880, 13, 11) appears sufficient evidence for assigning the 
formula (VI) to the compound. The formation of a similar com- 
pound by quinoline (Claus and Istel, Ber. } 1882, 15, 820) emphasises 
the close relationship existing between benzthiazole and quinoline 
derivatives. 

The tautomeric mobility and the behaviour towards bromine of 
benzthiazole derivatives containing the triad systems [H]N'C!N ^ 

n:c*N[H],[H]n*c:o ^ n:c-o[H], and [H]N-c:s .= 5 =* n:c-S[H] 

were next studied. 

1-Aminobenzthiazole . — The mobility of the symmetrical triad 
system in 1-aminobenzthiazole has already been established by 
evidence of the symmetry and substitution type (Hunter, J., 1926, 
1385; Hunter and Styles, J., 1928, 3019). 

On treatment with a molecular equivalent of bromine at a low 
temperature, 1-aminobenzthiazole yielded a labile dibromide (VII), 
which, on exposure to air, or when the temperature of the solution 
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was allowed to rise, was quantitatively converted into the hydro- 
bromide of 5-bromo-l-aminobenzthiazole (VIII). 

itii ° CO*”- rB €C> NHi * <viil ’ 

N/ Br" Br H + 

The facility with which the transformation takes place suggests 
that the mechanism may involve a para-bridged form of 1-amino- 
benzthiazole, analogous to the formula which Shearer (Proc. Physical 
Soc. y 1923, 35, ii, 81) has suggested for naphthalene on the basis of 
X-ray analysis (compare Hunter, J., 1926, 1390 ; Ingold, J., 1923, 
123, 2081). 

In the presence of excess of bromine, 1-aminobenzthiazole gave 
rise to an unstable tetrabromide , which resembled the dibromide in 
the ease with which it was converted into 5-bromo-l-aminobenz- 
thiazole hydrobromide. 

In the course of these experiments, the bromination of phenyl- 
thiocarbamide in chloroform was reinvestigated. The “ dibromide 
of 1-aminobenzthiazole 55 obtained in this reaction (Hunter, J., 
1926, 1389) and described by Hugershoff ( Ber ., 1901, 34, 3130) as a 
bromocarbaminophenylbromoaminodisulphide is actually a hydro - 
dibromide of 1-aminobenzthiazole, which can readily be obtained 
from solutions of the hydrobromide of the amino-base and bromine 
in inert solvents. 

The constitution of this hydrodibromide is a question of con- 
siderable importance. In the first place, it is desired to emphasise 
that the substance is a definite compound and that it is not a 
eutectic mixture of the hydrobromide of 1-aminobenzthiazole and a 
hypothetical hydrotribromide. It crystallises from solutions of 
different concentrations of the components (above a certain minimum 
concentration of bromine) in inert solvents, and all attempts to 
prepare the hypothetical hydrotribromide by employing a consider- 
able excess of bromine have failed. Moreover, the remarkable 
stability of the substance (p. 134) does not appear to be capable 
of interpretation on the basis of the 4 4 physical mixture ” type of 
explanation. It is therefore suggested that the compound may 
■ • + — 

have a structure of the type (Base, H)Br 2 , containing the hitherto 

unknown Br 2 ion, and involving the operation of a lone singlet 
linkage.* 

* Similar corrections must be applied to all the even-numbered bromides 
obtained from arylthiocarbamides described in earlier papers (Hunter, JF., 
1925, 127, 2023, 2270; 1926, 1385, 1401, 2951 ; Hunter and Soyka, iWrf., 
p. 2958; Dyson, Hunter, and Soyka, ibid., p. 2964; Dyson, Hunter* and 
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Mobility and Bromination of 1 - U ydroxyb enzthicizole . — The mobility 
of 1 -hydroxybenzthiazole was investigated in a manner similar to 
that of 1-aminobenzthiazole (loc. cit.). 1 -Hydroxybenzthiazole 
(XI), prepared by hydrolysis of 1-chlorobenzthiazole (Hofmann, 
Ber., 1879, 12, 1126) (IX), was shown to be identical with theketo- 
dihydrobenzthiazole (XII) obtained by treating o-aminophenyl- 
mercaptan with carbonyl chloride. The low-melting ketodihydro- 
benzthiazole described by Claasz (Ber., 1912, 45, 1029; compare 
also Mills and Whitworth, J., 1927, 2752) was shown to be impure 
1 -hydroxybenzthiazole. 



On methylation with methyl sulphate in the presence of potassium 
hydroxide, however, 1 -hydroxybenzthiazole yielded exclusively 
l-keto-2-methyl-l : 2-dihydrobenzthiazole (Besthorn, Ber., 1910, 43, 
1523), no trace of the isomeric O-methyl derivative being isolable. 

On bromination in chloroform at a low temperature, 1 -hydroxy- 
benzthiazole yielded a highly unstable bromo-addition compound 
which immediately lost hydrogen bromide with the production of 
5-bromo-l-hydroxybenzthiazole (XVI), whose constitution was estab- 
lished by its synthesis from p -brormphenylthiourethane (XIII) by 


Morris, J\, 1927, 1186;. Hunter and Styles, ibid., p. 1209; J., 192S, 3019; 
Hunter and! Pride, J., 1929, 943). These compounds are all hydroperbromides 
and are quite distinct from the true bromides obtained from the bases them- 
selves, from which they frequently differ in composition only by a hydro- 
gen atom which cannot be detected by analysis. The formula (I) assigned 
to Huger shoffs 1-anilinobenzthiazole tetrabromide ( Ber 1903, 36, 3121) and 
to similar compounds (Hunter, J., 1925, 127, 2024) is incorrect. The sup- 
posed bimeric tribromides (II) (toe. cit.) are hydrotribromides of the type 
+ - 

(Base, H) Br 3 . ' 

(I.) C 6 H 4 <||^>C-NHPh [ Br,N<^^^>SB r - (II.) 

Similar remarks apply to the supposed hexabromides (J., 1925, 127, 2024, 
2270, etc.). 

The increase of stability in a homologous series of 1 -all^daminobenzthiazole 
bromides (J., 1926, 2951) can no longer be regarded as due to an enhance- 
ment of tautomeric equilibrium in . favour of - the alkylammo-phase with 
increase in the atomic volume of the alkyl group. 
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way of 5-bromo-l-ethoxybenzthiazole (XIV), and also by its formation 
in the hydrolysis of 1 -chlor o - 5 -bromobenzthiazole (XV). 



™ Br CXn 

Mobility and Bromination of 1-ThiolbenztJiiazole. — 1-Thio-l : 2- 
dihydxobenzthiazole (XVIII) obtained from thiocarbonyl chloride 
and o-aminophenylmercaptan proved to be identical with 1-thiol- 
benzthiazole (XVII), prepared from carbon disulphide and o-amino- 
phenylmercaptan, whose identity with the mercaptan obtained from 
1-chlorobenzthiazole and potassium hydrosulphide was established 
by Hofmann in 1887 (Her., 20, 1788) (XVII and XVIII are XI and 
XII respectively with S in place of 0). 

Methylation of 1-thiolbenzthiazole, however, yielded the H-methyl 
derivative (XIX), unaccompanied by the isomeric thiomethyldi- 
hydrobenzthiazole (XX). 

(XIX.) C 6 H 4 <f>C-SMe C 6 H 4 <|^>CS (XX.) 

Bromination of 1-thiolbenzthiazole gave rise to a tetrabromo- 
addition compound, which yielded solely benzthiazolyl 1 : 1 -di- 
sulphide on reduction with sulphurous acid. 

♦ 

Bromination of 1 -Phenylbenz-thiazoU, - selenazole , and -oxazole. 

The bromination of 1-phenylbenzthiazole and of its selenium 
analogue gave rise to closely similar tetrabromides * (compare 
Fromm and Martin, Annalen, 1913, 401, 178). 

On the other hand, 1-phenylbenzoxazole yielded an unstable 
hexabromide, which rapidly lost bromine, giving a stable hydrotri- 
bromide of 5( ? ) -bromo- 1 -phenylbenzoxazole . 

1 : 2-Dihydrobenzthiazole Derivatives, — Reduction of the double 

* &&rne years ago, 1-phenylbenzthiazole tetrabromide was accidentally 
isolated in two forms, m. p. 126° and 153° respectively (I., 1926, 638). We 
have been unable to repeat this observation, using pure phenylbenzthiazole, 
only one tetrabromide (m. p. 134—136°) being isolated* Since benzthiazole 
prepared by Mohlau’s method ( Ber 1888, 21, 59) and not specially purified 
(p. 131) yields a bromo-addition compound quite distinct from the dibromide 
and the tetrabromide obtained from the pure base, the original observation 
was probably due to the presence of an impurity introduced in the thionation 
process which was used in preparing the original specimen of phenylbenz- 
thiazole from benzylideneaniline. 

F 




\c-0H (XVI.) 
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bond (1 : 2) of benzthiazole would be expected to lead to a decrease 
in the aromatic characteristics of the heterocyclic nucleus, and the 
bromination of certain 2-alkyl- 1 : 2-dihydrobenzthiazoles was there- 
fore undertaken. 

The 1 -imino-2-alkyl- 1 : 2-dihydrobenzthiazoles (XXI) passed 
directly into the hydroiribromides of the corresponding 5-bromo- 
derivatives on bromination under the usual conditions. On the 
other hand, the l-keto-2-alkyl-l : 2-dihydrobenzthiazoles (XXII) 
yielded unstable tetrabromides , which were rapidly converted into 
the corresponding 5-bromo-l-keto-derivatives by loss of bromine 
and hydrogen bromide. 

The order of stability of the bromo-addition compounds is there- 
fore the reverse of that observed in the case of the mobile 1-amino- 
and 1-hydroxy-benzthiazoles. 

(XXI.) c 6 h 4 <|^>c:nh c 6 H 4 <|i>co (xxn.) 


l-Thio-2-methyl-l : 2-dihydrobenzthiazole (XX) yielded a tetra- 
bromide , which regenerated the original thioketone on reduction, 
and could not be converted into a bromo-substitution derivative. 

Regarding the Hugershoff reaction, as-phenyhnethylthiocarb- 
amide gave rise to an unstable hydropentabromide of l-imino-2- 
methyl-1 : 2-dihydrobenzthiazole, which lost bromine on exposure 
to air, giving a hydrodibromide . The ethyl homologue, however, 
yielded a stable hydrotribromide , which is of interest on account of 
its behaviour on nitration. 


Under conditions of mononitration, the hydrotribromide yielded, 
approximately in the proportion of 2 : 5, %-nitro-\-imino-2-ethyl- 
1 : 2-dihydrobenzthiazole (XXUI) and a bromonitro-derivative, 
which was also obtained from the mononitration of 5-bromo- 1 -imino- 
2-ethyl-l : 2-dihydrobenztkiazole and its hydrotribromide and is pre- 
sumably o-bromo-3-nitro-l-imino-2-ethyl-l : 2-dihydrobenzthiazole 
(XXIV). 

(xxm.) N0 /^ /S— \c:nh Br i / ^ x i /S Nc:nh (xxiv.) 


x NEt/ 


NO a 


Nitration of the hydrobromide of l-imino-2-ethyl-l : 2-dihydro- 
benzthiazole under similar conditions also gave rise to the same 
products in the approximate proportion of 2 : 1 in favour of the 
5-nitro- 1 -imino-derivative . 


The first action of nitric acid {d 1-5) is evidently one of decom- 
position, possibly with the production of nitrosyl bromide, which 
may act as a brominating agent on the portion of the base initially 
escaping nitration. 
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Mononitration of l-imino-2-ethyl-l : 2 - dihy dr ob enzthiazole and 
its acetyl derivative lead to exclusive nitration in the 5-position of 
the benzthiazole system, and l-keto-2-ethyl-l : 2-dihydrobenzthi- 
azole behaves similarly. 

The 5-bromo and 5 -nitro - derivatives described in this paper were 
oriented by means of the following scheme [the constitution of 
5-bromo-l-aminobenzthiazole (XXV) follows from its synthesis 
from p-bromophenylthiocarbamide (Hunter, J., 1926, 1397)]. 



Experimental. 

Benzthiazole Derivatives . 

Benzthiazole was prepared by the thionation of dimethyl a nilin e 
(Mohlau, Ber.y 1888, 21, 59), purified by means of the crystalline 
nitrate (Mills, J., 1922, 121, 460), and redistilled over copper turn- 
ings. The pure base was a colourless, highly refractive oil, indis- 
tinguishable from quinoline in odour, b. p. 227 — 228°/765 mm., 
d\i* 1*244. Specimens (b. p. 226—228°) of the base which had not 
been redistilled over copper, when kept for some months, darkened 
and acquired the unpleasant odour of the crude thionation product. 
Such specimens behaved abnormally on bromination (p. 132). 

Benzthiazole Dibromide. — (i) A solution of the pure base (1*1 c.c.) 
in chloroform (12 c.c.) was treated at 0 — 3° with bromine (0*7 c.c. 
in 2 c.c. of chloroform). After a short time, the dibromide crystal- 
lised in glistening yellow needles, which were collected on porous 
earthenware and dried in a vacuum; m. p. 88 — 90° (decomp.) 
[Pound: N, 4*9; Br (total), 54*5; Br (labile), iodometrically in 
chloroform containing a few drops of purified acetic acid, 54*4 ; S, 
10*9. C 7 H 5 NBr 2 S requires N, 4*7; Br (total and labile), 54*3; 
S, 10*8%]. 

(ii) The compound was prepared in a similar maimer from benz- 
thiazole (1*2 g.), glacial acetic acid (7 c.c.), and a solution of bromine 
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(0*7 c.c.) in acetic acid (lc.e.); m.p. 87— 88° (decomp.) [Found : Br 
(total), 54*1 ; Br (labile), 54*0%]. 

The yellow crystals of the dibromide were stable in a vacuum, 
but rapidly reddened at the edges in moist air. The compound 
was quantitatively reduced by sulphurous acid, giving a colourless 
solution from which the original base was recovered by basification 
and extraction with ether; a similar decomposition, accompanied 
by evolution of nitrogen, took place when the dibromide was treated 
with aqueous ammonia ( d 0*880). It was also decomposed by 
sulphuric acid at a low temperature (0 — 3°; 20 c.c. of 99% acid 
per g. of dibromide) with evolution of hydrogen bromide and regener- 
ation of benzthiazole. Thermal decomposition. The dibromide was 
heated from 60° to 140°/18 mm. in the course of 10 minutes : fusion 
commenced at 100 — 105° and was complete at 115°. Reduction of 
the product by sulphurous acid yielded benzthiazole unaccompanied 
by the tetrabromo-substitution derivative. 

Benzthiazole Tetrabromide. — Experiment (i) was repeated, 1*8 c.c. 
of bromine being used. A tetrabromide separated in small scarlet 
crystals, which were dried on porous earthenware in a vacuum for 
5—10 minutes and then analysed ; m. p. 67 — 68° (Bound : Br, 70*0. 
C 7 H 5 NBr 4 S requires Br, 70*3%). This compound decomposed 
appreciably on being exposed to the atmosphere for a few minutes ; 
in its reactions, it behaved similarly to the dibromide.* 

When an experiment similar to (i) was performed with benz- 
thiazole which had not been purified by redistillation over copper 
and had been kept for some months (2 g. of base, 24 c.c. of chloro- 
form, and 1*3 c.c. of bromine), orange crystals of a 6romo-addition 
compound separated, which had m. p. 100 — 103° (decomp.) after 
drying in a vacuum [Found : Br (total), 63*2 ; Br (labile), 63*0. 
(C 7 H 5 NBr 3 S) 2 requires Br, 64*0%]. The substance dissolved in 
sulphurous acid, yielding a colourless solution from which, on basi- 
fication and extraction with ether, benzthiazole was obtained ; this 
was identified by its properties and by the analysis of its ehloro- 
platinite (Found : Pt, 28*5. Calc.: Pt, 29*1%). 

3:4:5; 6-Tetrabromobenzthiazole , — When solutions of any of the 
preceding bromo-addition compounds in 70% alcohol were boiled 
for a short time and allowed to cool, the tetrabromobenzthiazole 
crystallised in glistening hair-like needles, m. p. 122° (Found : Br, 
70*9; S, 6*9. C 7 HNBr 4 S requires Br, 70*9; S, 7*1%). This com- 

* Quinoline tetrabromide (Grimaux, loo. cit.) was best prepared by treating 
a solution of quinoline (1 c.c.) in chloroform (12 c.c.) at 25—30° with bromine 
(2 e.o. in 3 c.c. of chloroform) and shaking the mixture : the temperature 
rose some 10° and the tetrabromide crystallised in glistening red plates, m. p. 
95—97° [Pound t Br (total), 70*4; Br (labile), 69*2. Calc. : Br* 71*3%]. 
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pound was recovered unchanged after being heated under reflux in 
alcoholic solution containing about 10% of hydrochloric acid for 40 
hours, and also after being heated (0-5 g.) with tin (1 g.) and con- 
centrated hydrochloric acid (20 c.c.) for | hour. An attempt to 
reduce it (0*5 g.) in absolute alcohol (20 c.c.) with sodium (0-4 g.) 
also proved unsuccessful. The tetrabromobenzthiazole has no basic 
properties in the ordinary sense ; although it dissolves in 98 — 99% 
sulphuric acid, it is reprecipitated by dilution with water. All 
attempts to prepare a bromo-addition compound of the tetrabromo- 
benzthiazole proved unsuccessful. 

1-Aminobenzthiazole Dibromide. — When a solution of 1-5 g. of 
1-aminobenzthiazole in 50 c.c. of chloroform at 0° was gradually 
treated with a solution of bromine (0*7 c.c.) in the same solvent 
(3 c.c.), a yellow precipitate was produced which redissolved, giving 
a clear solution ; the dibromide then separated in small, soft, orange- 
pink crystals, which were rapidly dried in a vacuum. This com- 
pound became pale yellow at 160—170° and had m. p. 265° (decomp.) 
(Found : Br, 51*8. C 7 H 6 !N 2 Br 2 S requires Br, 51*5%). 

A solution of the compound in purified acetic acid liberated iodine 
from potassium iodide, but the iodometric titre was always low 
( ca . 30%) on account of partial isomerisation into the hydrobromide 
of 5-bromo- 1-aminobenzthiazole. 

The dibromide was converted into 5-bromo- 1-aminobenzthiazole 
hydrobromide by exposure to air ; the change, which was accom- 
panied by loss of colour, was appreciable in J hour and complete 
in less than 20 hours. The product was identified by its m. p. (265°), 
by the m. p. of the base liberated by alkali (210°), and by the m. p. 
of the acetyl derivative of the latter (222°). The dibromide was 
also isomerised by cold acetic anhydride. 

1 -Aminobenzihiazole tetrabromide, obtained by employing an excess 
of bromine, formed small, soft, dark reddish-brown plates, m. p. 
266° (decomp. ; sintering with loss of bromine at 170°) (Found : 
Br, 67*6. 0 7 H6K 2 Br 4 S requires Br, 68*1%). 

1-Aminobenzthiazole Hydrodibromide {Hugershoffs Dibromide ). — 
(i) A suspension of 1*5 g. of finely ground phenylthiocarbamide in 
15 c.c. of chloroform was rapidly treated with bromine (1-4 c.c. in 
1*4 c.c. of chloroform), and the mixture heated under reflux for 2 — 3 
minutes. The hydrodibromide separated from the hot solution in 
glistening, orange-coloured, rhombic crystals, which were crushed 
on porous earthenware and dried in a vacuum; m. p. 127 — 128° 
(decomp, with efferv. at 131°) [Found : Br (total), 51*4 ; Br (labile), 
24*9; S, 10*3. C 7 H 6 N 2 S,HBr(Br) requires Br (total), 51*5; Br 
(labile), 25*6; S, 10*3%]. 

(ii) Bromine (1*6 c.c.) was added to a boiling solution of 1-amino* 
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benzthiazole (1 g.) in glacial acetic acid (24 c.c.) containing 4 g. of 
hydrogen bromide. The hydrodibromide crystallised in large 
orange-red prisms, m. p. 128 — 130° after drying in a vacuum [Found : 
Br (total), 51*2; Br (labile), 24*6; S, 10*6%], A mixture of the 
two specimens melted at 128 — 130°. 

This compound remained unchanged in a vacuum, or over potass- 
ium hydroxide in a desiccator. On prolonged exposure to the 
atmosphere (8 — 9 months), it lost bromine, yielding 1-aminobenz- 
thiazole hydrobromide, m. p. 231 — 232°. 

When the compound (3 g.) was heated with acetic anhydride 
(7 c.c.), the solution developed a pink colour and a white precipitate 
(2*2 g.) separated, containing impure 5-bromo-l-acetamidobenz- 
thiazole (0*25 g.), which was identified by mixed m. p. and by hydro- 
lysis to 5-bromo-l-aminobenzthiazole by 60% sulphuric acid, and 
1-aminobenzthiazole hydrobromide (1*8 g.). 

Thermal decomposition. A flask containing the hydrodibromide 
(1*7 g.) was exhausted to 11 mm., placed in an oil-bath at 125°, 
and heated to 210° in the course of hour; decomposition was 
then complete. The greyish-white granular residue (1*25 g.) con- 
sisted of 1-aminobenzthiazole hydrobromide, m. p. 228°. Dissoci- 
ation experiments, (i) Three experiments were made with speci- 
mens of the hydrodibromide of different surface areas : the speci- 
mens were heated at 90— 100°/10 mm. for 10 minutes, and the 
residues analysed for labile bromine. The results [Found: Br 
(labile), 20*8, 19*6, 19*9%] indicate that this factor has only a slight 
effect on the dissociation, (ii) Two similar experiments were per- 
formed at 97— 98°/12 mm. for 2 minutes [Found: Br (labile), 
24-1, 23*8%]. The degree of dissociation in these circumstances 
is about 5%. 

1 -Anilinobenzthiazole Tetrabromide. — Hugershoff’s tetrabromide 
(Ber., 1903, 36, 3121) crystallised in red needles, m. p. 127° (decomp.) 
(previously given, J., 1925, 127, 2025, as 117°) [Found: Br (total), 
58*8; Br (labile), 40*1. Calc, for C 13 H 10 N 2 S,HBr(Br 3 ) : Br (total), 
58*6; Br (labile), 43*9%]. The hydrotribromide had m. p. 130° 
(decomp.) (previously given as 125°) [Found : Br (total), 51*5; Br 
(labile), 32*5. Calc, for C 13 H 10 N 2 S,HBr(Br 2 ) : Br (total), 51*7 j Br 
(labile), 34*4%]. The hydrotetrabromide was also prepared from 
a solution of the anilino-base (0-5 g.) and hydrogen bromide (0-5 g.) 
in glacial acetic acid (5-5 c.c.) and bromine (0-5 c.c.), and identified 
by m. p., mixed m. p., and analysis [Found : Br (total), 58-4- Br 
(labile), 39-8%]. 

1 -p-r oluidino-5-methylbenzthiazole hydrotetrabromide, prepared 
from, a-di-p-tolylthioearbamide (J., 1925, 127, 2027), formed red 
needles, m. p. 130 — 132° (decomp.) (previously given as 145°) [Found : 
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Br (total), 55-2; Br (labile), 36-6. Calc, for C 15 H 14 N 2 S,HBr(Br 3 ) : 
Br (total), 55*6; Br (labile), 41*7%]. Its composition was not 
appreciably affected by keeping over potassium hydroxide in a 
desiccator for 2 days [Found : Br (labile), 36*4%]. It was also 
prepared from the toluidinobenzthiazole and hydrogen bromide in 
acetic acid and excess of bromine, and identified by m. p., mixed 
m. p., and analysis [Found : Br (labile), 36*4%]. The hydrotri- 
bromide had m. p. 145 — 147° (previously given as 148°) [Found : Br 
(total), 48*8 ; Br (labile), 31*5. Calc, for C 15 H 14 N 2 S,HBr(Br 2 ) : Br 
(total), 48*5; Br (labile), 32*3%]. 3 : 2'-Dibromo-l-anilino-5 : 4^ 
dimethylbenzthiazole, prepared by heating a mixture of s-di-o- 
bromo-p-tolylthiocarbamide (0*5 g.), chloroform (6 c.c.), and bromine 
(0*6 c.c.) under reflux for 15 minutes and reducing the product with 
sulphurous acid, separated from alcohol in small prisms, m. p. 159 — 
160°, which did not depress the m. p. of a specimen of the dibromo- 
toluidinobenzthiazole described in 1925 (J., 127, 2027). 

5 : 4' -Dibromo-l-anilino-Z : 2' -dimethylbenzthiazole. — (i) The di- 
bromo-base obtained from the hydrohexabromide of 1-o-toluidino- 
3-methylbenzthiazole (J., 1925, 127, 2026) separated from alcohol- 
ethyl acetate in small needles, m. p. 210 — 211° (Found : Br, 38*6. 
Calc. : Br, 38-9%). 

(ii) The bromo- addition compound obtained by heating a mixture 
of s-di-p-bromo-o-tolylthiocarbamide (1 g.), chloroform (17 c.c.), 
and bromine (1*3 c.c.) under reflux for 15 minutes formed dark 
crimson crystals, which became colourless at 180 — 190° and charred 
at 270° (Found : Br, 60-0. C 15 H 12 N 2 Br 2 S,HBr(Br 2 ) requires Br, 
61*3%). 5 : 4 / -Dibromo- 1 -anili n o-3 : 2'-dimethylbenzthiazole ob- 
tained by reduction of this bromo-addition compound proved 
identical with that described under (i). 

The Mobility of 1-Eydroxybenzthiazole. Synthesis from l-CMoro- 
benzthiazole and from o-Aminophenylmercaptan and Carbonyl Chloride . 
— (i) 1-Hydroxybenzthiazole was prepared by heating an alcoholic 
solution of 1-chlorobenzthiazole containing hydrochloric acid for 
25 hours; on recrystallisation from alcohol, it formed glistening 
prisms, m. p. 138°. 

(ii) Claasz’s experiment , 25 G. of a 12% solution of carbonyl 
chloride in toluene were added to an ethereal solution of o-amino- 
phenylmercaptan (2*5 g. in 40 c.c.) and the mixed liquids were 
decanted from the precipitate of o-aminophenylmercaptan hydro- 
chloride and evaporated on a steam-bath. Extraction of the result- 
ing oil with alkali, acidification of the extract, extraction with 
chloroform, and recrystallisation of the product from methyl alcohol 
yielded 1-hydroxybenzthiazole, which melted at 128 — 130° and at 
134° when mixed with a genuine specimen prepared by Hofmann’s 
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method. The identity was confirmed by conversion of the product 
into 5-bromo-l -hydroxy benzthiazole, identical with that prepared 
by other methods. 

(iii) A solution of o - aminopheny Imer c apt an (1*2 c.c.) in chloro- 
form (10 c.c.) was treated with carbonyl chloride from a cylinder 
for \ hour, the mixture evaporated on a steam-bath, and the product 
extracted with ether. After removal of the ether, the crystalline 
residue separated from methyl alcohol in prisms (0*9 g.), m. p. 135°, 
and 135 — 136° when mixed with the specimen prepared under (i). 

M ethylation of 1 -Hydroxybenzth iazole and the Isolation of 1-Keto- 
2-meihyl-l : 2-dihydrobenzthiazole. — 1-Hydroxybenzthiazole was re- 
covered unchanged after it had been heated with methyl sulphate 
(1-5 c.c. for 1 g.) at 100° for \ hour, the solution diluted with water 
(8 c.c.), and the heating continued for another hour. 

4 C.c. of methyl sulphate were added to a mixture of 0*5 g. of 
1-hydroxybenzthiazole and 1 c.c. of chloroform in 10 c.c. of 25% 
potassium hydroxide solution and the whole was shaken and kept 
for an hour. Extraction with chloroform and slow removal of the 
solvent yielded a gum which set to a crystalline mass of l-keto-2- 
methyl-l : 2-dihydrobenzthiazole, m. p. 74°, and 76° when mixed 
with an authentic specimen prepared from the 1-nitrosoimino-deriv- 
ative (Besthorn, Ber ., 1910, 43, 1523). The identity was further 
established by conversion of the product into 5-bromo-l-keto-2- 
methyl-1 : 2-dihydrobenzthiazole, which melted at 126 — 127° alone 
and when mixed with the specimen described on p. 140. 

Bromination of l-Hydroxybenzthiazole and the Synthesis of 5-Bromo- 
1-hydroxybenztkiazole from 1 - Chloro-o - bromobenzthiazole and from 
p-Bromophenylthionr ethane by Way of 5-Bro?no~ 1 -ethoxybenzthiazole. 
— (i) When a solution of 0-5 g. of 1-hydroxybenzthiazole in chloro- 
form (6 c.c.) was treated with 0*5 c.c. of bromine at 0 — 3°, hydrogen 
bromide was evolved ; the solution was concentrated under reduced 
pressure at laboratory temperature, and 5-bromo-\-hydroxybenz - 
thiazole obtained. On recrystallisation from methyl alcohol, this 
formed needles, m. p. 225 — 226° (Bound : Br, 35*1. C 7 H 4 ONBrS 
requires Br, 34*8%). It dissolved in alkalis and was reprecipitated 
by mineral acids. It was recovered unchanged after being heated 
with methyl iodide (more than 3 equivs.) at 100° for 25 hours. 

(ii) 0*5 G. of l-chloro-5-bromobenzthiazole (b. p. 158— 159°/18 
mm. ; Dyson, Hunter, and Soyka, J., 1929, 461) was heated with 
alcohol, containing hydrochloric acid, for 40—45 hours. The result- 
ing solution was made alkaline, filtered, and acidified with 20% 
acetic acid. The precipitate of 5-bromo-l-hydroxybenzthiazole 
was recrystallised from alcohol and identified by m. p. and mixed 
m. p. determination with the specimen prepared in (i). 
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(ill) p -Bromophenylthiourethane, prepared in 80 — 90% yield by 
heating a solution of p-bromophenylthiocarbimide (15 g.) in absolute 
alcohol (100 c.c.) under reflux for 30 hours, separated from methyl 
alcohol in prisms, m. p. 106 — 107° (Found : S, 12*5. C«H 10 ONBrS 
requires S, 12*3%). 

5-Bromo-l-ethoocybenzthiazole. 10 G. of 35 -bromophenylthio- 
urethane, previously ground with a little alcohol, were dissolved in 
75 c.c. of 30% aqueous sodium hydroxide ; the solution was diluted 
to 200 c.c. with water and added in 20 c.c. portions at 5-minute 
intervals to a well-stirred solution of potassium ferricyanide (60 g.) 
in water (300 c.c.) which was maintained at 80 — 90°. Extraction 
with ether yielded a brown oil, which was distilled in steam ; the 
bromoethoxybenzthiazole obtained (yield, 35%) separated from 90% 
methyl alcohol in pale yellow plates, m. p. 75 — 76° (Found : Br, 
31*4. CgHgONBrS requires Br, 31-0%). Hydrolysis . A solution 
of the bromoethoxythiazole in 40% hydrobromie acid was heated 
under reflux for 20 minutes and cooled; crystals then separated. 
The mixture was diluted with water and extracted with chloroform 
and the chloroform was removed on a steam -bath; the 5-bromo-l- 
hydroxybenzthiazole obtained crystallised from methyl alcohol in 
needles, m. p. 222 — 223°, 223° when mixed with the specimen 
prepared in (i). 

The Mobility of l-Thiolbenzthiazole . Synthesis by Hofmann’s 
Method and from o-Aminophenylmercaptan and Thiocarbonyl Chloride . 
— (i) l-Thiolbenzthiazole was prepared by heating a solution of 
o-aminophenylmercaptan (3 g.) in alcohol (10 c.c.) and carbon 
disulphide (15 c.c.) under reflux for 8 hours. After two recrystal- 
lisations from methyl alcohol (animal charcoal), it formed colour- 
less needles, m. p. 179° (Hofmann, Ber.> 1887, 20, 1879; Jacobson 
and Frankenbacher, Ber., 1891, 24, 1403, recorded m. p. 174°). 

(ii) Thiocarbonyl chloride (1 c.c.) in chloroform (2 c.c.) was 
gradually added to o-aminophenylmercaptan (2 c.c.) in chloroform 
(10 c.c.) at 5°, the mixture being shaken after each addition. A 
vigorous reaction took place with the separation of yellow crystals ; 
the chloroform and the excess of thiocarbonyl chloride were removed 
on a steam-bath, the product was extracted with ether (8 extrac- 
tions), and the united extracts were filtered from the hydrochloride 
of o-aminophenylmercaptan. On removal of the ether and subse- 
quent recrystallisation from methyl alcohol, 1-thiolbenzthiazole 
(0*7 g.) was obtained in pale yellow needles, m. p. 176 — 177°, and 
177- — 179° when mixed with the specimen prepared by Hofmann’s 
method. 

Methylation. A mixture of 1-thiolbenzthiazole (1 g.), methyl 
sulphate (3 c.c.), and methyl alcohol (3 c.c.) was heated under reflux 
f2 
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for an hour. The solution was cooled, the excess of methyl sulphate 
decomposed with aqueous ammonia (d 0*880), and the mixture 
extracted while still warm with chloroform. A clear gum was 
obtained which on crystallisation from methyl alcohol yielded 0*9 — 
1 g. of 1 -methylthiolbenzthiazole in colourless prisms, m. p. 47 — 49°. 

Bromination of 1 - Thi olbenzthiazo le . — A solution of the -thiol (1 g.) 
in chloroform (50 c.c.) was treated with bromine (T5 c.c. in an equal 
volume of the same solvent) at 10° ; the tetrabromide formed orange 
plates, m. p. 147° (decomp, with efferv. after previous shri nkin g) 
(Found: Br, 65*6. C 7 H 5 NBr 4 S 2 requires Br, 65*7%). On reduc- 
tion with sulphurous acid, the tetrabromide yielded benzthiazolyl 
1 : 1 -disulphide, which crystallised from acetic acid in silvery plates, 
m. p. 180°, and 180 — 181° when mixed with a genuine specimen. 
(A mixture of this product with 1-thiolbenzthiazole melted at about 
140°.) 

1 -Pkenylbenzthiazole Tetrabromide . — 1 G. of the base, purified by 
distillation under reduced pressure, was brominated as previously 
described (Hunter, J., 1926, 539) ; the tetrabromide crystallised in 
orange-red plates, m. p. 134 — 136° [Found : Br (total), 60*0; Br 
(labile), 45*3. Calc, for C^HgNB^S : Br, 60*25%]. Further 
crops of crystals, m. p. 130 — 132°, of the same tetrabromide were 
obtained from the mother -liquor by concentration under reduced 
pressure at laboratory temperature [Found : Br (labile), 45*0%]. 

Action of mercuric oxide, (i) When a mixture of precipitated 
mercuric oxide (1 g.) and the tetrabromide (0*6 g.) in chloroform 
(50 c.c.) was shaken, the colour was discharged. Evaporation of the 
filtered solution on a steam-bath yielded 1-phenylbenzthiazole un- 
accompanied by any trace of the 5-bromo-derivative (Bogert and 
Abrahamson, J. Amer. Chem. Soc ., 1922, 44, 826). 

(ii) A similar result was obtained with “ dry ” materials, excepting 
that the discharge of colour was somewhat retarded. 

By treating a solution of 1-phenylbenzthiazole (1 g.) in chloro- 
form (11 c.c.) with bromine (1*4 c.c.) at 0°, a red oil was obtained 
which sometimes crystallised in red needles ; the hexabromide was 
unstable, m. p. 156° (decomp, with efferv. after sintering with loss of 
bromine over a range of about 40°) (Found : Br, 67*2. C 13 H 9 NBr 6 S 
requires Br, 69-5%). 

Benzoxazole and Benzselenazole Derivatives. 

Bromination of 1 -Phenylbenzoxazole . — A solution of the phenyl- 
benzoxazole (Ladenburg, Ber., 1876, 9, 1524) (0*5 g.) in chloroform 
(4 c.c.) was treated with bromine (0*9 c.c. in 1 c.c. of chloroform) 
at 0°. After an hour, the hexabromo-Sbddition compound separated 
in small, soft, red crystals, m. p. 153 — 155° after rapid drying on 
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porous earthenware in a vacuum [Found : Br (total), 73*8 ; Br 
(labile), 54*9. C 13 H 9 ONBr 6 requires Br, 71*1%]. This substance 
lost bromine when kept over potassium hydroxide in a vacuum 
for 2 hours, giving a stable, yellow, microcrystalline hydrotribrom- 
ide of 5( ?)-bromo-l-phenylbenzoxazole, m. p. 154 — 155° (with 
previous shrinking) [Found: Br (total), 61*8; Br (labile), 31*5. 
C 13 H 8 ONBr,HBr(Br 2 ) requires Br (total), 62*1 ; Br (labile), 31-1%]. 
A specimen of this compound prepared from the bromo-substituted 
benzoxazole, hydrogen bromide, and bromine in acetic acid had a 
higher m. p. (164 — 166° after previous shrinking) [Found : Br 
(labile), 31*3%], but lacked the stability in moist air of the specimen 
obtained from the hexabromide. 

5(%)-Bromo-l-phenylbenzoxazole , obtained by reduction of the 
hydrotribromide with sulphurous acid, or by dissolution of the hexa- 
bromide in alcohol, crystallised from methyl alcohol in small needles, 
m. p. 106 — 107° (Found : Br, 28*3. C 13 H 8 ONBr requires Br, 
29*1%). 

1-Phenylbenzselenazole tetrabromide, obtained from the selenazole, 
chloroform, and excess of bromine at 0°, and also at 18°, crystallised 
in orange-red needles, m. p. 148° [Found : Br (total), 55*1 ; Br 
(labile), 41*0. C 13 HoNBr 4 Se requires Br, 55*4%]. It regenerated 
the original phenylselenazole on treatment with sulphurous acid, 
but all attempts to prepare a 5-bromo-substitution derivative led 
only to brown gummy products, which could not be crystallised. 

1 : 2-Dihydrobenzthiazole Derivatives. 

\-Imino-2-methyl-\ : 2-dihydrobenzthiazole Hydropentabromide . — 
A solution of as-phenylmethylthiocarb amide (1 g.) in chloroform 
(10 c.c.) was treated with bromine (2 c.c. in 3 c.c. of the same solvent) 
and heated under reflux for a few minutes. The hydropentabromide 
crystallised in red plates (or needles), m. p. 121 — 122° (decomp, 
with efferv.), which were rapidly dried in a vacuum and immediately 
analysed [Found : N, 5*25; Br (total), 7T0; Br (labile), 57-0; S, 
5*7. C 8 H 8 N 2 S,HBr(Br 4 ) requires N, 4*95; Br (total), 70*8; Br 
(labile), 56-7 ; S, 5-6%]. On exposure to air for some weeks, it lost 
bromine, giving a stable, yellow, insoluble hydrodibromide , m. p. 
194 — 196° (decomp.; sintering at 190°) [Found: Br, 49*3. 
C 8 H 8 N 2 S,HBr(Br) requires Br, 49*4%]. Both compounds yielded 
l-imino-2-methyl-l : 2-dihydrobenzthiazole, m. p. 123°, on reduction 
with sulphurous acid, but failed to undergo nuclear substitution 
when heated with alcohol, giving the hydrobromide of l-imino-2- 
methyl-1 : 2-dihydrobenzthiazole (prepared also from the base and 
hydrogen bromide) in small needles, m. p. 275° (decomp.) (Found : 
Br, 32*5. C 8 H 8 N 2 S,HBr requires Br, 32*8%). The hydropenta- 
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bromide was also prepared by treating a solution of the hydro- 
bromide in glacial acetic acid with excess of bromine. 

l-Acetimido-2-meihijl-l : 2-dihydrobenzthiazole, prepared by acetyl- 
ation of the imino-base with acetic anhydride, crystallised from 
alcohol in needles, m. p. 141 — 142° (Pound : S, 15*8. C 10 H 10 O!Nr 2 S 
requires S, 15*5%). 

Brominaiion of 1 -Imino-2 -methyl- 1 : 2 -dihydrobenzthiazole .-r-The 
hydrotribromide of 5-bromo-l -imino-2 -methyl- 1 : 2-dihydrobenz- 
thiazole, obtained by treatment of the imino-base (0*5 g.) in chloro- 
form (15 c.c.) with bromine (1 c.c. in 2 c.c. of the same solvent) 
at 0°, formed orange-yellow crystals which lost bromine at 100 — 
110° and were unmelted at 280° [Found : N, 5*8 Br (total), 66*2 ; 
Br (labile), in acetic acid, 33*4; S, 6*6. C s H 7 N 2 BrS,HBr(Br 2 ) re- 
quires N, 5*8; Br (total), 66*1 ; Br (labile), 33*0; S, 6-6%]. The 
hydrobromide of 5-bromo-l -imino-2 -methyl- 1 : 2-dihydrobenzthi- 
azole, obtained by boiling a solution of the hydrotribromide in 
alcohol, formed small needles, which were unmelted at 290° [Found : 
Br, 49*3. C 8 H 7 N 2 BrS,HBr requires Br, 49*3%]. The Chromo- 
base crystallised with difficulty from methyl alcohol in needles, m. p. 
110° (Found: N, 11*8; Br, 32*9; S, 13*4. C 8 H 7 N 2 BrS requires 
N, 11*5; Br, 32*7; S, 13-2%). The acetyl derivative, prepared by 
means of acetic anhydride, crystallised from much ethyl acetate in 
feathery needles, m. p. 219 — 220° (Found : N, 9*8 ; Br, 28*2. 
C 10 H 9 ON 2 BrS requires N, 9-8; Br, 28*05%). 

Brominaiion of l-Keto-2-methyl - 1 : 2-dihydrobenzthiazole and the 
Synthesis of o-Bromo - 1 -keto-2 -methyl - 1 : 2-dihydrobenzthiazole from 
CBromo-l-imino-2-methyl-l : 2-dihydrobenzthiazole by Way of 5- 
Bromo-l-nitrosoimino-2-meihyl-l : 2-dihydrobenzthiazole. — When a 
solution of l-keto-2-methyl-l : 2-dihydrobenzthiazole (0*4 g.) in 
chloroform (4 c.c.) was treated with bromine (0*5 c.c. in 1 c.c. of 
chloroform) at 0°, traces of hydrogen bromide were evolved and a 
dark purple-brown tetrabromide separated, which was rapidly dried 
in a vacuum and immediately analysed (Found : Br, 67*8. 
C 8 H 7 ONBr 4 S requires Br, 65-9%). It softened at 100° and melted 
to a clear red liquid at 120° ; in a vacuum, it lost bromine, yielding 
red crystals, m. p. 101 — 103°, of a substance having the composition 
of a dibromide (Found : Br, 48*6. C 8 H 7 ONBr 2 S requires Br, 49*2%). 
5-Br omo - 1 -Iceto - 2 -methyl- 1 : 2-dihydrobenzthiazole crystallised in 
feathery tufts of silky needles, m. p. 126 — 127° (Found: N, 5*9 ; 
Br, 32*5; S, 13*2. C 8 H 6 ONBrS requires N, 5*7; Br, 32*6; S, 
!3d%). 

5-Bromo- l-niirosoimino -2-methyl- 1 : 2-dihydrobmzthiazole. — A solu- 
tion of 5-bromo-l -imino-2-methyl-l : 2-dihydrobenzthiazole (2 g.) 
in glacial acetic acid (16 c.c.) was kept at 15° during the addition 
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of a solution of sodium nitrite (1 g.) in water (5 c.c.), the mixture 
being well shaken ; the mtfroso- derivative soon separated in orange 
crystals (2*1 g.), which exploded at 161° (Found : N, 15*5. 
C 8 H 6 ON 3 BrS requires N, 15*4%). 

A solution of the nitroso-compound (1 g.) in xylene (6 c.c.), when 
heated, turned yellow and nitrogen was evolved ; the solution was 
concentrated to about 2 c.c., diluted with methyl alcohol, boiled 
with animal charcoal, filtered, and concentrated; 5-bromo-l-keto- 
2-methyl-l : 2-dihydrobenzthiazole (0*8 g.) was obtained in slender 
needles, m. p. 126—127°, alone and when mixed with the specimen 
already described. 

l-Thiol-2-methyl-l : 2-dihydrobenzthiazole tetrabromide , prepared 
from the thiol derivative and bromine in chloroform, formed small 
orange crystals, m. p. 124 — 126° (decomp.; reddening at 115— 
120°) (Found : Br, 63*7 ; S, 12*6. C 8 H 7 NBr 4 S 2 requires Br, 63*9 ; 
S, 12*8%). When heated with absolute alcohol, it rapidly regener- 
ated the original thiol derivative. 

The bromination of l-nitrosoimino-2-methyl-l : 2-dihydrobenz- 
thiazole yielded a brown tetrabromide , m. p. 280° (decomp.) (Found : 
Br, 61*9. CgH^NgB^S requires Br, 62*4%). 

l-Imino-2-ethyl-l : 2-dihydrobenzthiazole is conveniently pre- 
pared in quantity by the following method, which is generally 
applicable to iminoalkyldihydrobenzthiazoles and alkylaminobenz- 
thiazoles. A solution of os-phenylethylthiocarbamide (50 g.) in 
chloroform (250 c.c.) was treated with bromine (30 c.c. in 50 c.c. 
of the same solvent) with cooling. After being heated under reflux 
for 10 minutes, the mixture was treated with excess of sulphurous 
acid and basified, and the product obtained by removal of the 
chloroform was recrystallised from alcohol, the iminoethyldihydro- 
derivative forming large crystals, m. p. 84 — 85°. Yield* 49 g. 
(98%). 

l-lmino-2-ethyl-l : 2-dihydrobenzthiazole hydrotribromide , prepared 
from 1*5 g. of the ethylthioearbamide in chloroform (12 c,c.) and 
bromine (2 c.c.), crystallised from the hot solution in orange-red 
plates, m. p. 160 — 161° (decomp.) [Found: N, 6*9; Br (total), 
57*5; Br (labile), 38*5. C 9 H 10 N 2 S,HBr(Br 2 ) requires N, 6*7 ; Br 
(total), 57*3; Br (labile), 38*2%]. It was also prepared from the 
imino-base (0*5 g.) and hydrogen bromide (1 g.) in glacial acetic 
acid (9 c.c.) and bromine (1 c.c.). The alleged tetrabromide pre- 
viously described (J., 1926, 1394) was a <s wet” specimen of the 
hydrotribromide. An alcoholic solution of this compound, on being 
concentrated, yielded the hydrobromide of l-imino-2-ethyl-l : 2-di- 
hydrobenzthiazole (which was also prepared from the base and 
hydrobromic acid) in plates, m. p. 247— 248° (decomp.) (Found: 
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Br, 30*5. C 9 H 10 N 2 S,HBr requires Br, 30*9%). l-Acetimido-2- 
ethyl- 1 : 2 -dihydrobenzthiazole formed prisms, m. p. 127 — 128° 
(Found: N, 13*0; S, 14*6. C n H 12 ON 2 S requires N, 12-7; S. 
14-55%). 

Brominaiion of l-Imino-2-ethyl-l : 2-dihydrobenzthiazole and the 
Ethylation of 5-Bromo- 1-aminobenztMazole. — (i) The hydrotribromide 
of 5-bromo-l-immo-2-ethyl-l : 2-dihydrobenzthiazole, obtained by 
bromination of the imino-base, crystallised in orange needles, m. p. 
182 — 184° (decomp.) [Found: Br (total), 64*2; Br (labile), iodo- 
metrieally in acetic acid, 32-6. CgH^BrSjHBrtBrg) requires Br 
(total), 64*2; Br (labile), 32*1%]. It was also prepared from the 
5-bromo-base, hydrogen bromide, and bromine in acetic acid. 
Attempts to isolate an intermediate bromo-addition compound of 
the iminoethyl base by using dried materials were unsuccessful. 
The hydrotribromide was completely dissociated into the hydro- 
bromide and bromine on being heated from 150° to 220°/16 mm. 
in the course of J hour. 5-Bromo- 1 -imino-2-ethyl- 1 : 2 -dihydro- 
benzthiazole formed a tenacious gum, which crystallised with diffi- 
culty from 80% methyl alcohol in small needles, m. p. 68 — 70° 
(Found : Br, 30-7. C 9 Hc,N 2 BrS requires Br, 31-1%). The acetyl 
derivative formed silvery needles, m. p. 187° (Found : Br, 26-7 ; 
S, 10-7. C^H^ONaBrS requires Br, 26-7 ; S, 10-7%). The 
hydrobromide crystallised from alcohol, containing a small quantity 
of hydrogen bromide, in small needles, m. p. 270 — 272° (Found : 
Br, 47-0. CgH^NgBrSjHBr requires Br, 47*3%). 

(ii) A mixture of 5-bromo-l-aminobenzthiazole (0-5 g.) and ethyl 
iodide (1*5 c.c.) was heated at 100° for 18 hours, and the product 
basffied and extracted with chloroform. After removal of the 
chloroform a gum remained which could not be crystallised. On 
acetylation, o-bromo-l-acetimido-2-ethyl-l : 2-dihydrobenzthiazole 
was obtained unaccompanied by other products ; it was identified 
by m. p. and mixed m. p. determination. No trace of the isomeric 
5-bromo-I-ethylaminobenzthiazole, m. p. 158° (previously mis- 
recorded by Hunter and Sovka, J., 1926, 2962, as 256°), could be 
detected. 

Nitration of l-Imino-2-ethyl-l : 2-dihydrobenzthiazole and the 
Orientation of 5 -N itro -l-imino-2-e thyl - 1 : 2-dihydrobenzthiazole. — (i) 
10 G. of the imino-base were added to 50 c.c. of nitric acid (d 1-5} 
at 8° in the course of 40 minutes, the temperature not being allowed 
to rise above 10°. The solution was poured into 400 c.c. of water, 
the precipitated nitrate [small orange-pink crystals, m. p. 210 — 
212° (decomp.), from alcohol] decomposed with 25% aqueous 
sodium hydroxide, and the nitro-base recrystallised from alcohol 
(yield, 9 g.). A further quantity (0*5 — 1 g.) was obtained by 
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basifying the filtrate from the nitrate and extracting it with chloro- 
form. 5-Nitro-l-imino-2-ethyl-l : 2 -dihydrobenzthiazole forms small 
orange-yellow needles, m. p. 139 — 140° (Found : N, 19-3; S, 14*4. 
C 9 H 9 0 2 N 3 S requires N, 18-9; S, 14-4%). The acetyl derivative 
crystallised from much ethyl acetate in soft, pale yellow needles, 
m. p. 242—243° (Found : N, 16-2; S, 12-2. requires 

N, 16*0; S, 12-1%). 

(ii) M ethylation of 5 -nitro - 1 - imino -2 -ethyl-1 : 2-dihydrobenzthiazole . 
6 C.c. of methyl sulphate were added to a suspension of 5 g. of the 
5 -nitro- 1 -imino -base in water (100 c.c.) and the mixture was boiled 
for 40 minutes and then basified with warm 20% sodium hydroxide 
solution. On recrystallisation from alcohol and thereafter from 
methyl alcohol, 1 g. of 5-nitro-l-methylimino-2-ethyl-l : 2-dihydro- 
benzthiazole was obtained (m. p. 140°, depressed to 115—118° by 
admixture with 5-nitro-l-imino-2-ethyl-l : 2-dihydrobenzthiazole), 
which yielded the pure compound (see below) on further recrystal- 
lisation. 

(iii) M ethylation of l-immo-2-ethyl-l : 2-dihydrobenzthiazole and 
nitration of 1 -meihylimino-2-ethyl- 1 : 2-dihydrobenzthiazole, A mix- 
ture of 20 g. of l-imino-2-ethyl-l : 2-dihydrobenzthiazole, 100 c.c. 
of water, and 22 c.c. of methyl sulphate was boiled under reflux for 
1| hours. The product was made strongly alkaline with potassium 
hydroxide, boiled, and extracted with chloroform, and the chloro- 
form removed through a fractionating column. The residual 
1 -methylimino-2-ethyl- 1 : 2-dihydrobenzthiazole, a viscous oil which 
could not be crystallised, was added drop by drop with continuous 
shaking to 100 c.c. of nitric acid ( d T5) at — 2° in the course of an 
hour, the temperature not being allowed to rise above 7°. The 
nitration mixture was poured into water (1000 c.c.) and basified; 
the nitro- base (23 — 24 g.), recrystallised from alcohol-ethyl acetate 
and thereafter from methyl alcohol (animal charcoal), formed 
yellow plates (10 g.), m. p. 154° (Found: N, 18*0; S, 13-6. 
C^B^O^S requires N, 17-7; S, 13-5%). 

(iv) 5-Amino-l-methylimino-2-ethyl-l : 2-dihydrobenzthiazole. The 
5-nitro-compound (7 g.) was heated with tin (14 g.) and concentrated 
hydrochloric acid (100 c.c.) on a steam-bath for 20 minutes, and the 
mixture was diluted with 150 c.c. of water, filtered, and made 
strongly alkaline with 30% potassium hydroxide solution. The 
5-amino-b ase, which was isolated by extraction with chloroform, 
crystallised from methyl alcohol in small plates (3*5 — 4 g.), m. p. 
124—125° (Found: S, 152. C 9 H n N 3 S requires S, 15-5%). It 
dissolved in concentrated hydrochloric acid, giving a pink solution 
which became pale yellow and finally colourless on dilution with 
water ; on diazotisation, it yielded a diazonium chloride which 
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coupled with alkaline (3-naphthol, giving a red azo-dye. The 
amino-base slowly darkened and after some weeks the m. p. was 115°. 

(v) 5-Bromo-I-meihylimim-2-ethyl-l : 2-dihydrobenzihiazole. (A) 
A diazotised solution of the 5-amino-base (2*4 g.) in 20% hydrochloric 
acid (9 c.c.) was added to a cuprous bromide solution (prepared 
from 4*5 g. of copper sulphate crystals) at 0°. The mixture was 
heated on a steam -bath for J hour and basified; the black oil 
obtained, isolated by means of chloroform, yielded yellowish needles 
of 5-bromo- 1 -methylimino-2-ethyl-l : 2-dihydrobenztMazole, m. p. 89°, 
on crystallisation from methyl alcohol (animal charcoal) (Found : 
Br, 29*05. C 10 H 11 N 2 BrS requires Br, 29*1%). Yield, 60 — 70%. 
(B) A cleaner product was obtained by Gattermann’s method. 
0*8 G. of the amino-base was dissolved in 6 c.c. of hydrobromic acid 
(d 1*45} and water (3 c.c.) and diazotised; finely divided copper 
(prepared from 0*6 g. of zinc dust and 1*8 g. of copper sulphate 
crystals) having been added, the mixture was heated on a steam- 
bath for 10 minutes, diluted with 20 c.c. of water, basified, and 
extracted with chloroform. The 5-bromo-base obtained on recrys- 
tallisation from methyl alcohol was identical with that prepared 
in (A) and (C). (C) A mixture of 5-bromo-l-imino-2-ethyl-l : 2- 

dihydrobenzthiazole (1 g.), water (10 c.c.), and methyl sulphate 
(1*5 c.c.) was heated under reflux for \ hour, boiled with excess 
of 30% alkali solution, and extracted with chloroform. The oil 
obtained from the extract was dissolved in absolute methyl alcohol ; 
when the solution was concentrated under reduced pressure at 
laboratory temperature, the methyl derivative sometimes cryst allis ed 
in colourless needles which alone and when mixed with the specimens 
synthesised from 5-amino- l-methylimino-2-ethyl-l : 2-dihydrobenz- 
thiazole, melted at 88 — 89° (Found : Br, 29-1%). 

Dinitration of l-Imino-2-ettiyl-l : 2-dihydrobenzthiazole.—(i) The 
iminoethyl base (2 g.) was gradually added to 20 c.c. of nitric acid 
(d 1*5), the temperature rising to 55°. The mixture was poured into 
100 c.c. of water; the precipitated nitrate, decomposed with 20% 
potassium hydroxide solution, gave dinitroiminoeihyldihydrobenz- 
ikiazole, which crystallised from methyl alcohol-ethyl acetate in 
golden plates, m. p. 242—244° (Found: 1ST, 21*2. C 9 H 8 0 4 N 4 S 
requires IT, 20*9%). The alkaline liquid on acidification yielded a 
substance which separated from methyl alcohol— ethyl acetate in 
yellow-brown needles, m. p. 200°. 

(ii) 5-Nitro-l-xmino-2-ethyl-l : 2-dihydrobenzthiazole (0*5 g.) was 
gradually added to 10 c.c. of nitric acid [d 1*5), the solution was 
warmed, diluted with water, and basified, and the dinitro- compound 
was recrystallised ; it formed golden plates, m. p. 242—244°, identical 
with the specimen already described. 
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l-Nitrosoimino-2-ethyl-l : 2-dihydrobenzthiazole , prepared from 5 g. 
of iminoethyldihydrobenzthiazole in glacial acetic acid (35 c.c.) and 
sodium nitrite (2*6 g.) in water (13 c.c.), separated from alcohol in 
orange-red plates (4—4*5 g.), which exploded at 153° (Found : N, 
by slow combustion with twice the usual amount of fine OuO, 20*5 ; 
S, 15*2. CgHgONgS requires 1ST, 20*3; S, 15*5%). 

l-Keto-2-ethyl-l : 2-dihydrobenzthiazole. — The nitrosoiminoethyldi- 
hydrobenzthiazole (3 g.) in xylene (20 c.c.) was heated until nitrogen 
was no longer evolved and the xylene was removed. The oily 
residue was distilled in steam, and the distillate extracted with 
chloroform ; the Jcetoethyldihydrobenzthiazole was a colourless refrac- 
tive oil (1*3 g.) which could not be crystallised (Found : S, 17*2. 
C 9 H 9 ONS requires S, 17*8%). 

The tetrabromide, obtained as in the case of the methyl deriv- 
ative, formed unstable purple-brown crystals, m. p. 80 — 82° (turn- 
ing yellow at 60 — 70°) (Found : Br, 64*2. C 9 H 9 ONBr 4 S requires 
Br, 64*1%). 5-Bromo-l-keto-2-ethyl-l : 2-dihydrobenzthiazole crystal- 
lised from absolute methyl alcohol in needles, m. p. 96 — 97° (Found : 
N, 5*6; Br, 30*8; S, 12*8. C 9 H 8 0:NBrS requires N, 5*4; Br, 31*0; 
8,12-4%). 

Synthesis of 5-Bromo-I -Jceto-2-ethyl - 1 : 2-dihydrobenzthiazole from 
5-Bromo-l-imino-2-ethyl-l : 2-dihydrobenzthiazole by Way of b-Bromo- 
1 - nitrosoimino - 2 - ethyl-1 : 2-dihydrobenzthiazole. — 5-Bromo- 1 -nitroso- 
imino-2-ethyl-l : 2-dihydrobenzthiazole crystallised in salmon-pink 
plates, which exploded at 157 — 158° on being fairly rapidly heated 
(Found: Br, 27*4; S, 11*4. CgKgOlSyBrS requires Br, 27*6; S, 
11*2%). The residue obtained by evaporation of a solution of the 
nitroso-derivative (4 g.) in xylene (25 c.c.), on recrystallisation from 
alcohol (animal charcoal), yielded 2*8 g. of 5-bromo-l-keto-2-ethyl- 
1 : 2-dihydrobenzthiazole, identical with that obtained above from 
the tetrabromide. 

5-Nitro-l-keto-2-ethyl-l : 2-dihydrobenzthiazole , — (i) 5 - Nitro - 1 - 

nitrosoimino-2-ethyl- 1 : 2-dihydrobenzthiazole, prepared from 5-nitro- 
l-imino-2-ethyl-l : 2-dihydrobenzthiazole, formed soft salmon-pink 
crystals, which exploded at 154° (Found : S, 12-5. C 9 H 8 0 3 N 4 S 
requires S, 12*7%). 5-Niiro-l-keto-2-ethyl-l : 2-dihydrobenzthiazole, 
obtained by heating the nitrosoimino-compound (1 g.) in xylene 
(5 c.c.), separated from hot benzene in tufts of yellow needles, m. p. 
198° (Found : S, 14*4. C 9 H 8 0 3 N 2 S requires S, 14*3%). 

(ii) The 5-nitro-l-keto-derivative was also obtained in 80—90% 
yield by adding the 1 -ket o -2 - ethyldihy dro - derivative to nitric acid 
(d 1*5) (10 vols.) at 0 — 5°. 

I -Thiol-2 -ethyl-1 : 2-dihydrobenzthiazole.— A finely powdered, in- 
timate mixture of 1 -nitrosoirriixipr2-ethyl-l ; 2-dihydrobenzthiazole. 
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(3 g.) and phosphorus pentasulphide (Kahlbaum) (3 g.) was heated 
in an oil-bath at 120°, a violent reaction taking place. The product 
was twice extracted with 50 c.c. of boiling benzene; the united 
extracts were boiled with copper turnings and filtered. The gum 
obtained by removal of the benzene crystallised from methyl alcohol 
in yellow plates, m. p. 75° (Found : S, 32*9. C 9 HgNS 2 requires S, 
32-8%). 

Nitration of 1 -Imino-2 -ethyl - 1 : 2-dihydrobenzthiazole Hydrotri- 
bromide . — The hydrotribromide (7 g.) was added to 60 c.c. of nitric 
acid (d 1*5) at 3 — 6° in the course of 20 minutes ; the solution was 
decanted from the liquid bromine which separated and poured into 
250 c.c. of water. The filtrate from the precipitated nitrate, on 
basification, extraction with chloroform, and recrystallisation of the 
product from methyl alcohol, yielded 0*8 g. of 5-nitro- 1 -imino-2- 
ethyl-1 : 2-dihydrobenzthiazole. The precipitated nitrate, on de- 
composition with 20% alkali solution, yielded 2 g. of 5-bromo-3- 
nitro-l-imino-2-ethyl-l : 2-dihydrobenzthiazole, which was identified 
by its m. p. and mixed m. p. and by the m. p. and mixed m. p. of 
its acetyl derivative. 

Decomposition of 1 -Imino-2 -ethyl-1 : 2-dihydrobenzthiazole Hydro- 
tribromide by Sulphuric Acid. — 3 G. of the hydrotribromide were 
gradually added to 25 c.c. of 99% sulphuric acid at 0 — 2° ; hydrogen 
bromide was evolved and liquid bromine separated. The solution 
was poured on ice (200 g.), the mixture basified and extracted with 
chloroform, and the gum obtained by removal of the chloroform was 
acetylated with acetic anhydride (7 c.c.) and alcohol (15 c.c.). 
Fractional crystallisation of the product yielded 0*5 g. of 1-acetimido- 
2-ethyl-l : 2-dihydrobenzthiazole and 0*7 g. of 5-bromo-l-aeetimido- 
2-ethyl-l : 2-dihydrobenzthiazole, which were identified by m. p. 
and mixed m. p. determinations . 

Nitration of l-lmino-2-ethyl-l : 2-dihydrobenzthiazole Hydrobrom- 
ide. — 4 G. of the hydrobromide were gradually added to 50 c.c. of 
nitric acid (d 1-5) at 3 — 7°, and the solution poured into 200 c.c. of 
water. The mixture was cooled to 20°, and the precipitated nitrate 
collected ; the filtrate, on basification and extraction with chloro- 
form, yielded 2-2 g. of 5-nitro-l-imino-2-ethyl-l : 2-dihydrobenz- 
thiazole. On decomposition with 20% alkali solution, the nitrate 
yielded 1*3 g. of 5-bromo-3-mtro-l-imino-2-ethyl-l : 2-dihydrobenz- 
thiazole, which was identified as in the previous case. 

Nitration of l- A ceiimido-2- ethyl-1 : 2-dihydrobenzthiazole. — 4 G. 
of the acetyl derivative were gradually added to 40 c.c. of nitric 
acid (d 1*5) at 0 — 2° ; the temperature was allowed to rise to 15°, 
the mixture poured into 250 c.c. of water, and the precipitated nitro- 
derivative collected and extracted with 35 c.c. of boiling alcohol. 
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The residue (2*1 g.) had m. p. 240 — 242° (241 — 242° when mixed 
with 5-nitro-l-acetimido-2-ethyl-l : 2-dihydrobenzthiazole) ; the 
alcoholic extract on evaporation yielded a small quantity of what 
appeared to be impure nitrate of 5-nitro-l-imino-2-ethyl-l : 2-di- 
hydrobenzthiazole. Basification of the original acid filtrate yielded 
a further 1*9 — 2 g. of the 5-nitro-l -acetyl derivative. 

Nitration of 5-Bromo-\-imino-2-ethyl-\ : 2-dihydrobenzthiazole . — 
This was carried out at 0 — 5° in the usual way. 5-Bromo-Z-nitro~l- 
imino-2-ethyl-l : 2-dihydrobenzthiazole formed orange needles, m. p. 
168—169° (Bound: N, 14-0; Br, 26-3; S, 10-4. C^O^BiS 
requires 1ST, 13*9 ; Br, 26*4 ; S, 10*6%). The acetyl derivative crystal- 
lised from alcohol-ethyl acetate in pale yellow needles, m. p. 252 — 
253° (Found: Br, 23*1. C-^HioOgNgBrS requires Br, 23*2%). 
The nitrate separated from alcohol in yellow needles, m. p. 230° 
(decomp.). 

Nitration of 5-bromo-l-imino-2-ethyl-l : 2-dihydrobenzthiazole 
hydrotribromide yielded solely 5-bromo-3-nitro-l-imino-2-ethyl-l : 2- 
dihydrobenzthiazole . 

Nitration of l-Imino-2-ethyl-l : 2-dihydrobenzthiazole in Sulphuric 
Acid Solution. — The nitration of 5 g. of the base in 20 c.c. of 99% 
sulphuric acid at 70° with a mixture of nitric acid ( d 1*4) (4 c.c.) 
and sulphuric acid (5 c.c.) gave 3*7 g. of impure 5-nitro-l-imino-2- 
ethyl-1 : 2-dihydrobenzthiazole, accompanied by a small quantity 
of the dinitro-derivative. 

The author wishes to express his gratitude to Professor J. F. 
Thorpe, F.R.S., for his kind interest in these experiments, to the 
Trustees of the Ramsay Memorial Fellowship Trust for the award 
of a Fellowship which enabled this work to be completed, and to the 
Trustees of the Dixon Fund of the University of London and to the 
Chemical Society for grants which have defrayed the cost of the 
materials. 

Imperial College op Science and Technology, 

London, S.W. 7, [Received, September 27 th, 1929.] 


XXII . — Nitration of 2'- and 4! -N itro-\-phenyl- 
piperidines , 

By Raymond James Wood Le F:evre. 

Ordinary nitric acid ( d 1*4) nitrates 4 / -nitro- 1 -phenylpiperidine 
quantitatively in the 2 '-position, but dissolves the 2'-nitro-isomeride 
unchanged. By the most extreme conditions of nitration under 
which the latter remains unaffected the former is destroyed. 
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Similar but less pronounced differences have been observed in the 
nitrations of 1 : 4 -di{2'- and 4i ; -nitrophenyl) piperazines. 

No such disparity is recorded in the literature concerning the 
conditions requisite for the production, by nitration of the corre- 
sponding mononitro-compounds with nitric acid of density not 
less than 1*42, of 2 : 4-dinitrodimethyl- or 2 : 4-dinitrodiethyl- 
aniline. An observation by Pinnow ( Ber ., 1899, 32 , 1667), that 
dimethylaniline gave 95% of its weight of 2 : 4-dinitrodimethyl- 
aniline and 50% of its weight of 2-nitrodimethylaniline when 
treated with dilute sulphuric and nitric acids (see also Schuster and 
Pinnow, Ber., 1896, 29 , 1053), would seem to indicate, however, 
that, of the initially formed o- and p-mononitro-compounds, only 
the latter underwent further nitration. Even were this so, the 
deductions from the present work would be unaffected, since the 
weakest nitrating acid used in the experiments on the nitrophenyl- 
piperidines was ordinary nitric acid (d 1*42). For comparison, it is 
now shown that the interaction of this reagent with 2-nitrodimethyl- 
aniline at room temperature leads to high yields of 2 : 4 : 6-trinitro- 
phenylmethylnitroamine, and the observation of Weber {Ber., 1877, 
10, 763), that by nitration of dimethylaniline with a solution of 
nitric acid in glacial acetic acid complete 2 : 4-dinitration is readily 
effected, has been verified experimentally. 

Moreover, with regard to Pinnow’s results, from general prin- 
ciples it would be expected that progressive dilution of the attack- 
ing reagent would render any slight difference in reactivity of two 
positions in a substituted benzene nucleus increasingly obvious, and 
the experiments of Clemo and Smith (J., 1928, 2414) have shown 
that dilution of the nitrating acids with water is, in the case of 
certain dimethylanilines , a change of experimental conditions likely 
to lead to fundamentally different results. 

The tendency of 2'- and 4 , -nitro-l-phenylpiperidines to undergo 
salt formation is apparently strong ; combination of either with 
mineral acid was violent (much more so than the analogous reactions 
with the nitrodimethylanilines) and each gave a stable perchlorate , 
f err (chloride, and mereuriehloride. 

An explanation of the present observations must therefore be 


sought in the relatively (to dialkyl) rigid structure of the piperidine 
ring, which, in the case, for example, of the o-nitro-compound, 
would more effectively {a) spread the area of direct influence of the 


two positive charges f 

1 2 2 R 


j X (I) by its 


spatial interactions with the bulky o-nitro-group and ( b ) prevent the 


nearer approach of the negative anion X and consequent reduction 
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of the strong inductive and direct effects set up by the positive 
poles indicated in (I) (compare Pollard and Robinson, J., 1927, 
2770). 

Experimental. 

Action of Nitric Acid on 2'-N itro-l -phenylpiperidine. — (a) When 
the nitro-compound (2 g.) was added cautiously and in portions to 
10 c.c. of fuming nitric acid at the ordinary temperature, it dis- 
solved with a hissing noise (addition of too large a portion caused 
i nflamm ation). After 5 minutes, dilution with water and basific- 
ation with ammonia gave nearly 2 g. of a bright red solid, m. p. 
76 — 77 0 (alone, or mixed with authentic 2 ' -nitr o - 1 -phenylpiperidine) . 
\b) The nitro-compound (2 g.), after being dissolved in 10 c.c. of 
sulphuric acid, treated with 10 c.c. of fuming nitric acid, and heated 
on the water-bath for 15 minutes, was largely recovered unchanged ; 
considerable decomposition, however, occurred. 

Action of Nitric Acid on 4:’ -N itro-l -phenylpiperidine. — The nitro- 
compound gave an uncrystallisable red oil under conditions (a) and 
was destroyed under conditions (6). When a solution of the nitro- 
compound (2 g.) in ordinary nitric acid (d 1*4) at 0° was left for 
1 minute, then diluted with water and made alkaline, an almost 
quantitative yield of 2' : 4'-dinitro-l -phenylpiperidine, m. p. 92°, 
was obtained. 

Preparation of 1 : 4-Di(2 f - and A f -nitrophenyl)piperazines . — 
Equal weights of the appropriate chloronitrobenzene and piperazine 
hydrate were gently boiled together for 15 minutes. The product 
was extracted repeatedly with boiling alcohol, and the residue 
crystallised. 1 : 4-Di(2'-nitrophenyl)piperazine separated in orange 
plates, m. p. 193 — 194°, from much glacial acetic acid (Found: 
1ST, 17*2. C 16 H 16 0 4 lSr 4 requires N, 17*1%), and the corresponding 
4'-m£ro-compound as a microcrystalline red powder, m. p. 263 — 
264°, from phenol-nitrobenzene although the crude substance was 
yellow (Found : N, 17*2%). 

Nitration of 1 : 4-Di(2'- and -4' -nitrophenyl)piperazines. — 1 G. of 
each compound was dissolved in separate equal large volumes of 
hot acetic acid and 5 c.c. of nitric acid (d 1*5) were added. The 
production of 1 : 4-di(2' : 4' : 6'-trinitrophenyl)piperazine (Le Fevre 
and Turner, J., 1927, 113) from the former compound was complete 
. after the mixture had been kept at the ordinary temperature for 
12 hours; in the case of the 4'-nitro-compound, 10 minutes were 
sufficient. 

Action of Nitric Acid on 2 -N itrodimethylaniline. — This substance 
was prepared in good yield by 8 hours’ boiling of a mixture of 
o-chloronitrobenzene (15 g.), 30% dimethylamine solution (35 g.), 
and sufficient alcohol to produce a homogeneous solution* The 
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product, after dilution with water, was extracted with benzene, and 
the extract washed with water and finally with dilute sulphuric 
acid. The acid solution was basified and again shaken with benzene. 
2-Nitrodimethylaniline distilled at 145 — 1 55° jca. 30 mm. as a clear 
red oil. 

By addition of 1 g. to 15 c.c. of nitric acid ( d 1*42) at the ordinary 
temperature, followed after 15 minutes 5 solution by precipitation 
by dilution with water, a cream-coloured crystalline product was 
obtained, brief treatment of which with hot aqueous-alcoholic 
ammonia gave picramide, m. p. 188 — 189° (alone or mixed with 
an authentic specimen). Crystallisation of the nitration products 
from alcohol afforded cream plates, m. p. 131° (alone or mixed with 
authentic 2 : 4 : 6-trinitrophenylmethylnitroamine). Since 2 : 4-di- 
nitrodimethylaniline is undoubtedly a precursor of “ tetryl 55 in 
its direct formation from dimethylaniline, it is obvious that the 
4-mononitration of 2-nitrodimethylaniline is a readily effected pro- 
cess and that 2-nitrodimethylaniline differs markedly from 2'-nitro~ 
1-phenylpiperidine in this respect. 

Dinitration of Dimethylaniline. — Dimethylaniline (12 g. ; 1 mol.), 
dissolved in glacial acetic acid (80 g.), was slowly treated at 0 — 5° 
with fuming nitric acid (15 g. ; 2 mols.) diluted with an equal 
volume of acetic acid. The resulting mixture was left until its 
temperature had risen to 15°; it was then diluted with much 
water. The yellow crystalline precipitate obtained, after drying, 
had m. p. ca. 75° (after two crystallisations from carbon disulphide 
the m. p. was 78*5 — 79*5°) and its weight (19 g.) corresponded to a 
90% yield of 2 : 4-dinitrodim ethylaniline . 

Complex Salts from 2'- and 4'- Nitro-l-pkenylpiperidines . — The 
two nitro-compounds dissolved readily in concentrated hydro- 
chloric acid. To the solutions, slightly diluted with water, con- 
centrated ferric chloride solution was added slowly. After filtration 
and crystallisation from acetic acid, 2 , -niiro- 1 -phenylpiperidiniwn 
ferrichloride , dark yellow needles, m. p. 147—148° (Found : 1ST, 7*0. 
^nS-igO^aC^Fe requires N, 6*9%), and 4 / -nitro-l-phenylpiperidin- 
ium ferrichloride, straw-yellow needles, m. p. 130 — 135°, were 
obtained. No ferrichloride formation could be observed with 
2' : 4'-dimtro-l-phenyIpiperidine. 

Addition of aqueous mercuric chloride to the above hydrochloric 
acid solutions gave the corresponding mercuriehlorides, which 
formed cream-coloured plates, m. p. 170 — 175°, and bright yellow 
plates, m. p. 70 — 80°, respectively. 

Addition of aqueous perchloric acid to mineral acid solutions of 
2'-mtro-l -phenylpiperidine precipitated a white microcrystalline 
percMorate which, after crystallisation from glacial acetic acid, had 
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m. p. 240 — 243° (decomp.) (Found : N, 9-3. C n H 15 0 6 N 2 Cl requires 
N, 9-15%). The corresponding 4 / -nitro-l-phenylpiperidinium per- 
chlorate was apparently soluble in water, since a hydrochloric acid 
solution of 4'-nitro-l-phenylpiperidine could, after addition of 
aqueous perchloric acid, be diluted with a large excess of water 
without any precipitation occurring. 

University College, London. [Received, November 14 th, 1929 .] 


XXIII . — Sugar Carbonates. Part IV. The Di- 
carbonates of Glucose, Fructose, Mannose, Galac- 
tose, and Arabinose. 


By Walter Norman Haworth and Charles Raymond Porter. 


A series of new crystalline derivatives of sugars has been prepared 

CH — 0 

containing two carbonate residues of the type ">CO. 

OhL O 


Hitherto the attempts to prepare these substances have led 
either to the introduction of only one such residue or to the formation 
of sugar carbonates containing also carbonic ester groups. The 
present results have been obtained by the condensation of various 
sugars with carbonyl chloride in pyridine solution. Accompanying 
the crystalline dicarbonate there is usually an amorphous by-product 
of higher molecular weight which appears to be a polysaccharide 
derivative. The latter reaction has not been studied in detail. 

The dicarbonates of the sugars are well-defined and easily 
characterised products which resemble closely the diacetone 
derivatives of the sugars. For instance, they are hydrolysed by 
dilute acids to the parent sugars ; this change, however, does not 
proceed nearly so readily as with the sugar-acetones. On the other 
hand, the sugar carbonates are instantly attacked by alkali even in 
the cold. It is these properties that suggested the utilisation of the 
dicarbonates in synthetic operations such as those recently described 
(J., 1929, 2796). 

The specific rotations of the dicarbonates derived from glucose, 
fructose, and mannose are analogous to those of the corresponding 
diacetone derivatives, but arabinose dicarbonate, [a] 5780 + 61*3°, 
and galactose dicarbonate, [a] 5780 “ 86*5°, have higher rotations 
than arabinose-diacetone and galactose-diacetone, [a] 5780 : ± 1° and 
56° respectively (in aqueous acetone). These variations appear 
to be due to differences of conformation rather than of structure. 

The constitutional formulae suggested are indicated below and 
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are based on the similarity in properties to the diacetones, the 
constitutional formulae of ■which have been elucidated. 

°C<2‘S 2 P °g<?S 2 R h 

°-CH/\ F ^O-CH/X H H I n CH 2 -0 

\ / \l i / c<> ■ \ i . A — Ov i 2 i 



KC5> 


H 6 — CO 

Glucose dicarbonate. Mai 
OC-O CHyOH 
Oil 


H I I OH TT6—b 0 

H H CO— 0 H 

Mannose dicarbonate. a-Fructose dicarbonate. 


1<!J> 


t?y 


m> 


O 0 

\S 

CO 

Galactose dicarbonate. 


0 0 

\/ 

CO 

Arabinose dicarbonate. 


Evidence of the constitution here assigned to mannose dicarbonate 
is furnished by the fact that this substance gives rise to a crystalline 
anilide and a crystalline methylmannoside dicarbonate which does 
not reduce Fehling’s solution. This interesting mannoside -will form 
the subject of a further communication. 

The behaviour of the glucose dicarbonate, including its relation- 
ship to glucose-acetone carbonate (be. cit.) 3 provides support for 
the constitution which is here assigned. 

Expeeimental. 

GWe Dicarbonate . In the first attempts to condense carbonyl 
ehlonde with glucose the sugar was dissolved in pyridine, cooled in 
ice, and vigorously stirred while a 20% solution of carbonyl chloride 
in toluene was added drop by drop. The addition caused the 
precipitation of a yellow crystalline solid (possibly the addition 
compound of carbonyl chloride and pyridine), and the removal of 
the reagent m this form was probably, the reason for the minute 
amount of sugar carbonate formed in this way. 

In subsequent experiments gaseous carbonyl chloride, obtained 
om a cylinder of the compressed gas, was passed into the solution 
of the sugar in pyridine. At the end of the reaction the mixture 
was treated with ice, to decompose the carbonyl chloride-pyridine 
complex, and the liquid was filtered. When the reaction was 
arrested after about an hour, an almost clear solution was obtained 
but a the reagents had been in contact for several hours, or if a very 
rapid current of carbonyl chloride had been passed, or the tem- 
perature allowed to rise, a considerable amount of an insoluble 
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amorphous condensation product (A) was formed, which was 
removed by filtration. 

The aqueous filtrate contained pyridine, pyridine hydrochloride, 
glucose dicarbonate, and glucose. The pyridine and its hydro- 
chloride were removed together by adding an excess of barium 
carbonate and evaporating the solution to a small bulk at 30 — 35° 
under reduced pressure. The glucose dicarbonate was sparingly 
soluble in water and was extracted with ethyl acetate in a mechanical 
extractor. Another and somewhat more rapid method of separating 
the sugar carbonate from the original mixture consisted in treatment 
of the latter with excess of barium carbonate and repeated extraction 
with ethyl acetate : the whole of the pyridine was thus removed, 
and with it the sugar carbonate, which was much more soluble in 
pyridine than in ethyl acetate. The latter solvent was eliminated 
by distillation at 40—50° under diminished pressure. The residual 
pyridine solution was evaporated at the ordinary temperature in a 
vacuum desiccator containing sulphuric acid. The residue was a 
viscid liquid or glassy solid, which became crystalline on trituration 
with alcohol. In this method, some unchanged glucose as well as 
the glucose carbonate was extracted by the pyridine. 

In a typical preparation, carbonyl chloride was passed for 1 hour, 
from a delivery tube with a bell-shaped orifice in order to prevent 
stoppages, into an ice-cooled, vigorously stirred solution of 18 g. of 
glucose in about 50 c.c. of pyridine. The product was treated with 
ice-water, filtered, and extracted with ethyl acetate. During the 
extraction, sufficient barium carbonate was added to neutralise the 
hydrochloric acid liberated by the removal of pyridine from the 
solution of its hydrochloride. Evaporation of the solvents from 
this extract left a viscid mass which deposited crystals on treatment 
with alcohol. Further crops of crystals were deposited on concen- 
tration of the alcoholic solution, and finally a viscid residue remained 
which yielded no further crystalline material (yield, 1 g.). 

An attempt was also made to prepare a glucose carbonate by 
passing carbonyl chloride into a thoroughly stirred, concentrated 
aqueous solution of glucose cooled in ice and salt. The hydrochloric 
acid and excess of carbonyl chloride were then removed by the 
addition of silver carbonate, and the solution was evaporated at a 
low temperature. The product crystallised and appeared to be 
mainly unchanged glucose; a very small amount of glucose 
carbonate was, however, detected. 

The amorphous product A (see above) was insoluble in the usual 
organic solvents except pyridine, but was soluble in a mixture of 
acetone and water. It gave a precipitate of barium carbonate 
when warmed with barium hydroxide solution, and reduced Feh- 
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ling’s solution. On treatment with dilute alkali it dissolved, a 
polysaccharide being probably formed. 

Glucose dicarbonate is sparingly soluble in most solvents, the 
decreasing order of solubility being pyridine, acetone (about 1*5% in 
cold), ethyl acetate, alcohol (about 0*4% when boiling), water, and 
chloroform. It crystallises well from alcohol, being about four 
times as soluble in the hot as in the cold, yielding needles or lustrous 
flakes, m. p. 224° (efferv. ; sintering at 200°). 

Glucose dicarbonate is hydrolysed rapidly by dilute alkalis, but 
is not readily decomposed by dilute acids in the cold. When it is 
warmed with aqueous barium hydroxide solution, a precipitate of 
barium carbonate is formed. The alkali present in Fehling’s 
solution is sufficient to effect hydrolysis, followed by reduction. 
The dicarbonate has [a] D — 29° (c = 1*0 in acetone containing 25% 
of water). No change in this value was observed, even after the 
addition of a drop of aqueous hydrochloric acid (Found : C, 41*5; 
H, 3*6 ; C0 2 , 37*5 ; M , ebullioscopic in acetone, 239. C 8 H 8 0 8 
requires C, 41*4; H, 3*5; C0 2 , 37*9%; 232). 

Galactose Bicarbonate. — This compound was prepared in the same 
manner as glucose dicarbonate. Several variations of the method 
of extraction were tried, but the process ultimately adopted for the 
glucose analogue was found to be the most effective. 

In general, galactose dicarbonate is similar in its properties to 
glucose dicarbonate. It is, however, somewhat more soluble in 
water, from which it crystallises well in long needles, m. p. 212° 
(efferv.; slight sintering at 190°); [ag —86*5° in acetone con- 
taining 25% of water (c = 0*6). The addition of a trace of hydro- 
chloric acid did not alter the rotation in 22 hours (Found : C, 41*7; 
H, 3*7. C 8 H 8 0 8 requires C, 41*4; H, 3*5%). 

Mannose Bicarbonate. — This preparation proceeded rather more 
readily than in the previous examples, and the product was more 
easily extracted. 

In a typical preparation, 6 g. of mannose were dissolved in 20 c.c. 
of pyridine, the solution was cooled in an ice-bath and vigorously 
stirred, and a fairly rapid current of carbonyl chloride was passed 
for about § hour. Ice-water was then added, and 1*5 g. of an 
amorphous carbonate, probably a polysaccharide carbonate, were 
collected. The filtrate was treated with an excess of barium 
carbonate and evaporated to small bulk under diminished pressure 
at 30 — 35°. After removal of the pyridine by this process, the 
solution was filtered and extracted with ethyl acetate in the 
mechanical extractor. Yield, 0*5 g. 

Mcmnose dicarbonate crystallised well from water in lustrous 
flakes or needles, m. p. 122—123° (efferv. ; slight sintering at 118°). 
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It gave a precipitate with barium hydroxide solution, and reduced 
Fehling’s solution suddenly, on heating (Found : C, 41*4; H, 3*6; 
C0 2 , 36*7. C 8 H 8 0g requires C, 41*4; H, 3*5; C0 2 , 37*9%). 
E a ]iao + 26°; [a]Si + 28*5° in dry acetone (c = 1*0). The sub- 
stance showed no appreciable mutarotation in this solvent even 
after the addition of a trace of hydrochloric acid. 

The anilide of mannose dicarbonate was prepared by heating 
mannose dicarbonate and aniline (2 mols.) in alcoholic solution for 
2 hours. The solution was then allowed to evaporate at the 
ordinary temperature. The residue, after being triturated with 
several solvents, crystallised from ethyl acetate, containing dry 
ether, in hard white prisms, m. p. 174 — 175°. The substance was 
sparingly soluble in alcohol or ethyl acetate and slowly became 
discoloured on exposure to the air. [a]$£o — 70° (after 5 minutes) ; 
—32° (after 18 hours) in ethyl alcohol (c = 0*2); [a]if — 83° in 
methyl alcohol (c = 0-1) (Found: C, 54*85; H, 4*5; N, 4*65. 
C w H 13 0 7 N requires C, 54*7 ; H, 4*25; N, 4*55%). 

Fructose Dicarbonate . — Fructose (10 g.) was dissolved in 25 c.c. 
of pyridine and cooled in ice and vigorously stirred. A fairly rapid 
current of carbonyl chloride was admitted during § hour ; ice-water 
was then added, and an amorphous fructose carbonate derivative 
removed by filtration. After addition of excess of barium carbonate, 
the filtrate was extracted with ethyl acetate, first by hand and then 
mechanically. The ethyl acetate was distilled at 40 — 50° under 
slightly reduced pressure and the pyridine was evaporated from the 
residue at the ordinary temperature in a vacuum desiccator con- 
taining sulphuric acid. When only a trace of pyridine remained, a 
little water was added, which caused the fructose dicarbonate to 
become crystalline (yield, 1 g.). 

The aqueous solution remaining after the extraction with ethyl 
acetate was evaporated to dryness at 30 — 35°, and the finely 
powdered residue extracted repeatedly with boiling acetone in the 
hope of isolating an isomeric fructose diearbonate. Only a small 
amount of a syrupy product was extracted and this yielded a further 
amount of. the same fructose dicarbonate. 

Fructose dicarbonate has solubilities intermediate between those 
of the corresponding derivatives of glucose and mannose, being 
quite easily soluble in acetone and alcohol. It crystallised well 
from water, separating in hard prisms if not quite pure, but when 
pure it was obtained in clusters of needles. It contained J mol. of 
water of crystallisation, which was not removed in a vacuum over 
sulphuric acid at the ordinary temperature, but was eliminated in a 
vacuum at 90°. M. p. 173 — 174°; effervescence occurred at this 
temperature after a few seconds. The rotation was similar to that 
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of the a-form of fructose diacetone, and mutarotation was not 
observed on the addition of atrace of hydrochloric acid, [a]^ ~ 143° 
and [a]^ — 159° (in 50% aqueous acetone, c = 1-14) (Found : 
C, 40*1; H> 3*95; C0 2 , 36*4; H 2 0, 3*4. C 8 H 8 0 8 ,p[ 2 0 requires 
C,39*9; H, 3*75 ; C0 2 , 36*5; H ? 0,3*7%). 

The amorphous substance which was collected after the addition 
of ice-water to the pyridine solution in the above reaction appeared 
to be insoluble in most liquids except pyridine, but was soluble in 
acetone containing a little water. The acetone was allowed to 
evaporate from such a solution and the precipitated solid was 
removed. The aqueous filtrate left only a small amount of glassy 
residue on evaporation. The precipitated solid was washed with 
water and was then almost completely soluble in dry acetone. It 
was extracted with this solvent, and the solution allowed to 
evaporate ; the vitreous residue became opaque on trituration with 
water. It reduced Fehling’s solution, and gave a precipitate when 
warmed with barium hydroxide solution. The product decomposed 
without melting between 150° and 180°. [a]^ a —58° (c — 1*29 in 
acetone) (Found : C0 2 , 37*7% ; M, ebullioscopicin acetone, 780, 765). 
This molecular weight is intermediate between those required by 
three (660) and four (874) fructose dicarbonate residues joined by 
loss of water. The carbonate values required by these substances 
are 40*0 and 40*3% respectively. 

A further attempt was made to separate the obviously complex 
mixture by fractional precipitation from acetone solution by the 
addition of ether. By this process four fractions were collected, the 
rotations of which did not vary greatly [(1) [a] rj7S0 — 64°; (2) 
[«W— 58*5°; (3) [a] 5780 — 63° ; (4) [a] 5780 — 65°], and, although the 
solubilities of the fractions differed considerably, pure substances 
were not obtained. The examination of this mixture is therefore 
held over until larger quantities are available. 

Arabinose Dicarbonate , — The reaction of arabinose with carbonyl 
chloride in pyridine did not proceed so quickly as was the case with 
the other sugars. The gas was passed for 2 hours into a cooled and 
vigorously stirred solution of 10 g. of arabinose in 30 c.c. of pyridine. 
The product was an extremely thick paste, and stirring was im- 
practicable. Ice-water was added, and the clear solution extracted 
with ethyl acetate, barium carbonate being added to keep the 
solution neutral. After removal of the solvent from the extracts as 
in previous cases, a viscid syrup remained which deposited crystals 
on treatment with water. The filtrate from this solid deposited 
more crystalline material after being kept forsome weeks (yield, 2 g.). 

Arabinose dimrbonate is slightly soluble in chloroform, but rather 
more soluble in ethyl acetate, alcohol, water, and acetone. It 
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crystallises well from water (solubility in hot water, 1 part in 140 
parts). It separated in short hard prisms when not quite pure, 
-and in longer crystals when pure. M. p. 200—202° (efferv.). It 
gave a precipitate with barium hydroxide and reduced Fehling’s 
solution. 

When heated to 160° in a vacuum, this dicarbonate very slowly 
sublimes, and at a slightly higher temperature, e.g ., 180 — 190°, can 
be economically purified by this procedure. This behaviour is in 
marked contrast to that of the dicarbonates of the hexoses, which 
appeared to possess a negligible vapour pressure and decomposed on 
prolonged heating. 

Arabinose dicarbonate did not exhibit mutarotation in aqueous 
acetone, even after the addition of a trace of hydrochloric acid. 
MS) + 61*3°; [a]£ + 66-0° (in acetone containing 33% of water, 
c = 1*3) (Found : C, 41*7 ; H, 3*1 ; C0 2 , 41*6. C 7 H 6 0 7 requires 
C, 41*6 ; H, 3*0 ; C0 2 , 43*5%). 

The authors are grateful to the Government Grant Com- 
mittee of the Royal Society for a contribution towards the cost of 
materials. 

University oe Birmingham, 

Ebgbaston. [Received, November 18 th, 1929.] 


XXIV .— The Action of Bromine upon the p-Tolylhydr- 
azones of Benzaldehyde and of the Nitrohenzaldehydes. 

Ry Frederick: Daniel Chattaway and Arthur B. Adamson. 

Bromine reacts very readily with the p-tolylhydrazones of benz- 
aldehyde and of the nitrobenzaldehydes. 

When 2 mols. of bromine are allowed to act upon 1 mol. of any one 
of the hydrazones, one atom of bromine enters the p-tolyl nucleus in 
an o-position with respect to the nitrogen atom and a second the 
©-position. 

The action of 1 mol. of bromine upon 1 mol. of hydrazone yields a 
mixture of the oc»5 -di6romo- derivative and unchanged hydrazone. 

The o to -dibromo- hydra zones are also obtained by the action of 
1 mol. of bromine upon the hydrazones of 3-bromo-p-tolylhydrazine. 

When a large excess of bromine is used, a third atom of bromine 
can be introduced into the remaining o-position in the p-tolyl 
nucleus. A larger excess of halogen is required to effect complete 
tribromination of benzaldehyde- and ^-nitrobenzaldehyde-^dolyl- 
hydrazones than of m-nitrobenzaldehyde-p-tolylhydrazone. 

Compounds containing more than three atoms of bromine in the 
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molecule cannot be obtained by the direct bromination of these 
hydrazones. 

The course of the reactions may be represented thus : f 


JNTHdTOBrR NH-N.‘CHR 



In these co -bromo -hydrazones the co -bromine atom is very reactive. 
When heated with sodium acetate and acetic acid, they are converted 
into the corresponding $-acetyl-hy dr azides of benzoic or nitrobenzoic 
acid : 

R'dra-NICBrR — > [R'-NAc-N:C(OH)E] — R'-NAc-NH-COR 

These hydrazides may be hydrolysed with aqueous-alcoholic hydro- 
chloric acid, a substituted ^-tolylhydrazine and an acid corresponding 
to the aldehyde forming the original hydrazone being produced. 
When only one o-bromine atom is present in the p-tolyl nucleus, the 
p -acetyl group of the hydrazide is removed by hydrolysis 

C 6 H 3 MeBr-WAc*lSna-COR — > 

C 6 H 3 MeBr*NH*NH 2 + R-C0 2 H + CH 3 *C0 2 H, 

hut when both o-positions are occupied by bromine atoms, this 
acetyl group is protected and an a-acetylated dibromo-p-tolyl- 
hydrazine is obtained : 

O^MeBr^NAc-NH-COR — ^ C 6 H 2 MeBr 3 -NAc*NH 2 + R*C0 2 H. 
The co-bromo-hydrazones are converted into the corresponding 
hydrazidines by the action of concentrated aqueous ammonia : 

R'-NH-NICBrR — > R'-NH-NICCNH^R. 

These are highly-coloured weak bases and form colourless crystalline 
hydrochlorides which are rather unstable and sparingly soluble in 
alcohol or dilute hydrochloric acid. 

o-Nitrobenzaldehyde-jp-tolylhydrazone does not behave in quite 
the same way as its isomerides, this hydrazone being rather less 
stable. When 2 mols. of bromine are used, an co - compound is 
obtained in the normal manner. A larger proportion of bromine has 
no farther action at the ordinary temperature, but when the temper- 
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ature is allowed to rise, the hydrazone breaks down and the bright 
orange perbromide of 3 : 5-dibromo-^-toluidine is formed : 



Me Me Me 


Although not produced by the direct bromination of o-nitro- 
b enzaldehy de -p - 1 olylhy dr az one , ^-bromo-o-nitrobenzaldehyde-Z : 5 -di» 
bromo-p-tolylhydrazone is readily obtained by brominating o-nitro- 
benzaldehyde-3 : 5 - dibr omo -p -t olylhy dr az one , the co -position being 
easily substituted. 

The co-bromo-compounds derived from o-nitrobenzaldehyde- 
p-tolylhydrazone have different properties from those derived from 
other p-tolylhydrazones and readily lose hydrogen bromide, forming 
the violently explosive ketoe^oaryliminodihydrobenz^odiazole 
oxides (I) (the so-called isodiazomethane derivatives). (J., 1925, 
127, 2407). 

This loss takes place even on cautious recrystallisation from 
alcohol. When boiled for several hours with alcohol, the explosive 
compounds lose one atom of oxygen and form ketoe?idoarylimino- 
dihydrobeimsodiazole derivatives (II) (J., 1927, 323). 


CO CO 



O 

(I.) (II.) 


If bromination is carried out in the presence of sodium acetate, the 
formation of the co-bromo-compound and the elimination of hydrogen 
bromide from this take place successively and the explosive com- 
pound is obtained as the product of the one operation (J., 1925, 127, 
2408). 

When o-nitrobenz aldehy de -p - 1 oly Ihydxaz one is brominated in the 
presence of sodium acetate, no substitution occurs in the #-tolyl 
nucleus at the ordinary temperature, even when excess of bromine is 
used, and consequently the explosive compound formed under these 
conditions contains no halogen. 

Experimental. 

<i>-Bromo-m-nitrobenmMehyde-Z-bforM-Tp-tolylhydrazone: — To a sus- 
pension of 5 g. (1 mol.) of m-nitrobenzaldehyde-p-tolylhydrazone in 
70 c.c. of acetic acid was slowly added a solution of 2*1 c.c. (2 mols.) 
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of bro min e in .10 c.c. of acetic acid. The hydrazone dissolved, 
forming an orange solution from which a-bromo-vcL-nitrobenzaldehyde- 
^-bromo-p -tolylhydrazone separated as a bright yellow solid. After 
being washed with water, this crystallised from acetic acid, in which 
it was moderately easily soluble, in long, slender, bright yellow 
prisms, m. p. 145*5° (Found: Br, 39*1. C 14 H n 02N 3 Br 2 requires 
Br, 38*7%). 

to -Bromo -m - nitrobenzaldehyde -3:5- dibromo - p - tolyllvydrazone. A 
solution of 3*1 c.c. (3 mols.) of bromine in 10 c.c. of acetic acid was 
added to a suspension of 5 g. (1 mol.) of m-nitrob enzaldehyde - 
p -tolylhydrazone in 100 c.c. of the same solvent. The dibromo- 
compound separated as a bright yellow solid, which became paler as 
it was converted into the tribromo-compound. The mixture was 
heated on a water-bath to complete the reaction and cooled, and the 
solid collected. c*-Bromo-m-nitrobenzaldehyde-S : 5-dibromo-p-tolyl- 
hydrazone crystallises from acetic acid, in which it is moderately 
easily soluble, in pale yellow prisms, m. p. 154*5° (Found : Br, 48*8. 
C^HjoOghTgBrg requires Br, 48*8%). 

The same compound was easily prepared by the action of 1 mol. 
of bromine upon m-nitrobenzaldehyde-3 : 5-dibromo-p-tolylhydr- 
azone. 

ca- Bromo-p-nitrobenzaldehyde-S-bromo-p-tolylhydrazone . — This was 
obtained in a similar manner by the action of 2*1 c.c. (2 mols.) of 
bromine upon 5 g. (1 mol.) of p-nitrobenzaldehyde-p-tolylhydrazone 
suspended in 100 c.c. of acetic acid. It crystallised from acetic acid, 
in which it was moderately easily soluble, as a felted mass of bright 
orange needles, m. p. 176° (Found : Br, 39*1. G 14 H n 0 2 N3Br 2 
requires Br, 38-7%). 

<o - Bromo - p - nitrobenzaldehyde -3:5- dibromo - p - tolylhydrazone . — 
When 3 mols. of bromine were used to 1 mol. of p-mtrobenzaldehyde- 
p-tolylhydrazone, the product was almost exclusively co-bromo- 
p-nitrobenzaldehyde-3-bromo-p -tolylhydrazone. Not until 8 mols. 
of bromine were used was there any appreciable formation of the 
t ribromo - c ompound and to ensure complete tribromination it was 
found advisable to use a still larger excess of bromine. 

■ 5 G. of p -nitrob enzaldehyde -p -tolylhydrazone (1 mol.) were 
suspended in 100 c.c. of acetic acid, and 10 c.c. (excess) of bromine 
added with vigorous shaki n g. The mixture was heated on a water- 
bath for 30 minutes to complete the reaction. <*-Bromo-p-nitro- 
benzaldehyde- 3 : 5 -dibromo-p -tolylhydrazone, which separated as an 
orange solid, crystallised from acetic acid, in which it was easily 
soluble, in long orange-yellow prisms, m. p, 161° (Found : Br, 48*7. 
C'i4-^io0 2 N 3 Br 3 requires Br, 48*8%). 

ca -BromobenzaHehyde - 3 - 6 romo-p- to lylhydrazone . — T his was obtained 
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by the action of 2*5 c.c. (2 mols.) of bromine upon 5 g. (1 mol.) of 
benzaldehyde-p-tolylhydrazone suspended in 25 c.c. of acetic acid. 
It crystallised from hot alcohol, in -which it was easily soluble, in 
long colourless needles, m. p. 74° (Found : Br, 43*8. C 14 H 12 N 2 Br 2 
requires Br, 43*5%). 

cd-Bromobenzaldehyde-3 : o-dibromo-^-tolylhydrazone . — This could 
be prepared from benzaldehyde-^-tolylhydrazone only by the use of 
a large excess of bromine. 10 C.c. of bromine were added to 5 g. of 
the hydrazone in 25 c .c . of acetic acid. The product crystallised from 
hot acetic acid, in which it was easily soluble, in long colourless 
needles, m. p. 106° (Found : Br, 53*8. C 14 H 1;L ]Sr 2 Br 3 requires Br, 
53*7%). 

m-Nitrobenz - (3 -acetyl- 3 -bromo -£> -tolylhydrazide, 
C 6 H 3 MeBr-NAc-]SrH-C0-C 6 H 4 -N0 2 , 
was obtained as a white viscid solid which could not be made to 
crystallise. Its constitution was shown by hydrolysis with alcohol 
and hydrochloric acid ; it then yielded acetic acid, m-nitrobenzoic 
acid, and 3-bromo-^-tolylhydrazine. 

m - Nitrobenz - (3 - acetyl - 3 : 5 - dibromo - p - tolylhydrazide crystallised 
from alcohol in fine colourless prisms, m. p. 170° (Found : Br, 33*8. 
Ci 6 Hi 3 0 4 N 3 Br 2 requires Br, 33*9%). On hydrolysis it yielded 
m-nitrobenzoic acid and a-acetyl-3 : 5-dibromo-p-tolylhydrazine. 
The latter was identified by conversion into its m-nitrobenzaldehyde- 
hydrazone, which crystallised from acetic acid in colourless shining 
plates, m. p. 218°, and was identical with the compound prepared by 
the action of acetic anhydride upon m-nitrobenzaldehyde-3 : 5-di- 
bromo -p - 1 olylhy dr azone . 

ip~Nitrobenz-$-acetyl-%-bromo-j>4olyl}iydrazide crystallised from alco- 
hol in colourless prisms, m. p. 173° (Found : Br, 20*6. C 16 H 14 0 4 N 3 Br 
requires Br, 20-4%). On hydrolysis it yielded acetic acid, p-nitro- 
benzoic acid, and 3-bromo-p-tolylhydrazine. 

’$-Nitrobenz-$-acetyl-Z : B-dibromo-p4dlylhydrazide crystallised from 
alcohol in colourless prisms, m. p. 183° (Found: Br, 33*7. 
Ci e H 13 0 4 N 3 Br 2 requires Br, 33*9%). On hydrolysis it yielded 
29 -nitrobenz oic acid and a-acetyl-3 : 5 - dibrom o -^9 - 1 oly lhy drazine . 

Benz-$-acetyl - 3 : 5-dibromo--p4olylhydrazide crystallised from 
alcohol in colourless prisms, m. p. 190° (Found : Br, 37*4. 
C 16 H 14 0 2 N 2 Br2 requires Br, 37-5%). On hydrolysis it yielded 
benzoic acid and a-acetyl-3 : 5 - dibromo -29 -tolylhydrazine . 

The following hydrazidines were prepared by the action of 5 c.c. 
of concentrated aqueous ammonia upon a suspension of 5 g. of the 
co-bromo-compounds in 50 c.c, of alcohol. 

Z-Bromo-p4olyl-m-nitrobenzenylhydrazidine ) 

C 6 H 3 MeBr*NH-N:C(NH 2 )-C 6 H 4 -N0 2 , 

a 
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crystallises from alcohol in red prisms, m. p. 136° (Found : Br, 
22-8. C 14 H 13 0 2 N 4 Br requires Br, 22-9%). It forms a hydro- 
chloride which crystallises from alcohol and hydrochloric acid in 
colourless plates, m. p. 230° (decomp.). 

3 : Q-Dibromo-p-tolyl-m.’nitrobenzenylhydrazidine crystallises from 
alcohol in yellow prisms, m. p. 151° (Found: Br, 37*6. 
C u K 12 O^^Bv 2 requires Br, 37-4%), 3-bromo-p4olyl--p-nitrobenzenyl- 
hydrazidine in deep purple prisms, m. p. 155° (Found : Br, 22*8, 
C i4 H 13 0 2 ]Sr 4 Br requires Br, 22*9%), and 3 :5-dibromo-p4olyl- 
-p-nitrobenzenylhydrazidine in orange-yellow rhombic plates, m. p. 
145° (Found : Br, 37*2. C 14 H 12 0 2 N 4 Br 2 requires Br, 37*4%). 

The Bromination of o-Nitrobenzaldehyde-^tolylhydrazone . 

co -Bromo-o - niirobenzaldehyde-3 -bromo -p - tolylhydrazone . — 2*1 C .c . of 
bromine (2 mols.) were added to 5 g. (1 mol.) of o -nitrobenzaldehyde - 
p -tolylhydrazone suspended in 50 c.c. of acetic acid. A dark brown 
solution was formed from which cn-bromo-o-nitrobenzaldehyde-3 - 
bromo-p4olylhydrazone slowly separated in yellow crystals. Re- 
crystallised from acetic acid, it formed yellow rhombic plates, m. p. 
105° (decomp.) . The recrystallisation must be rapidly effected, since 
the compound quickly decomposes when heated with acetic acid 
(Found : Br, 38*3. C^HnGgNgBra requires Br, 38*7%). 

The compound cannot be recrystallised from alcohol, as it then 
loses hydrogen bromide and is converted into the highly explosive 
3-Jceto-l : 2-endo-3' -bromo-p4olylimino - 2 : 3- dihydro -1 : 2 - benzi&odi - 
azole 1 -oxide (I; R = C 6 H 3 MeBr). This crystallises from alcohol 
in bright yellow, rhombic plates, explosion point 139° (Found : 
Br, 24*0. C^H-LoOgNgBr requires Br, 24*1%). 

When 2 g. of the explosive compound were boiled for 2 hours under 
reflux, with 25 c.c. of alcohol, a brown solution was obtained which, 
on cooling, deposited 3-keto-l : 2 -endo - 3 7 - bromo-p4olylimino-2 : 3-di- 
hydro-l : 2-benzimdiazole. This crystallised from alcohol in pale 
yellow prisms, m. p. 166° (Found : Br, 25*2. C 14 H 10 ON 3 Br requires 
Br, 25*3%). 

The Action of Excess of Bromine upon o - N itrobenzaldehyde -p4olyl- 
hydrazone. — 5 6. of the hydrazone were suspended in 100 c.c. of 
acetic acid, and 10 c.c. of bromine added. A dark brown solution 
was formed from which, on shaking and cooling, 3 : 5-dibromo- 
p 4oluidine perbromide separated. This, reerystallised from a 16% 
solution of bromine in acetic acid, formed bright orange prisms, 
m. p. 134° (decomp.) (Found: Br, 78*2. C 7 H 8 NBr* requires 
Br, 79*0%). 

This perbromide is fairly stable in the solid state and can be dried 
at 100° with only slight decomposition. It loses bromine and 
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hydrogen bromide on being washed with water or kept for several 
weeks over lime in a vacuum desiccator. It is easily soluble in acetic 
acid and when the solution is boiled, bromine is evolved ; on cooling, 
3 : 5-dibromo-^p-toluidine separates in colourless needles, m. p. 73°. 

The perbromide was also prepared by the action of an excess of 
bromine upon a solution of ^-toluidine in acetic acid. 

<*-Bromo-o-nitrobenzaldehyde-3 : 5-dibromo-^-tolylhydrazone was ob- 
tained by the action of 1 mol. of bromine upon o-nitrobenzaldehyde- 
3 : 5 - dibvomo-p - 1 olylhy dr azone . It decomposes very readily when 
warmed with acetic acid, but can be recrystallised from a mixture 
of benzene and high-boiling petroleum, from which it separates in 
pale yellow prisms, m. p. 123° (decomp.) (Found: Br, 48*3. 
C 14 H 10 O 2 N 3 Br 3 requires Br, 48-8%). 

When boiled for a few minutes with alcohol, it loses hydrogen 
bromide and is converted into the highly explosive 3-ketoA : 2-endo- 
3' : 5 ' -dibromo-p-tolylimino - 2 : 3 -dihydro -l : 2-benzimdiazole l -oxide, 
which crystallises from alcohol in bright yellow, rhombic plates, 
explosion point 167° (Found : Br, 39*1. C u H 9 0 2 N 3 Br 2 requires 
Br, 38-9%). 

The explosive compound (2 g.), when boiled with 25 c.c. of alcohol 
for 6 hours, gives the corresponding endoaryliminobenzisodiazole 
derivative, which crystallises from alcohol in yellow rhombic plates, 
m. p. 190° (decomp.). 

Bromination ofo-Nitrobenzaldehyde-p-tolylhydrazone in the Presence 
of Sodium Acetate. — 5 G. of this hydrazone and 5 g. of anhydrous 
sodium acetate were suspended in 50 c.c. of acetic acid, and 1-1 c.c. 
of bromine (1 mol.) added. A dark solution was formed from which 
crystals of the explosive 3-keto-l : 2 - endo -p - 1 olylimino -2 : 3-dihydro- 
1 : 2-benzisodiazole 1 -oxide slowly separated. It crystallised from 
alcohol in bright yellow prisms, explosion point 143°. The same 
compound > containing no halogen, was obtained even when 2 or 
3 mols, of bromine were used at the ordinary temperature. 

The Queen’s College, Oxforb. [Received, November 21th, 1929.] 
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Second Liversidge Lecture . 

Delivered before the Chemical Society o n December 12th, 

1929. 

By Herbert Fretjndlich. 

Surface Forces and Chemical Equilibrium . 

I intend to discuss a problem of surface chemistry. It is well known 
that surface reactions are of the greatest importance in technical and 
biological processes. But these reactions are generally very com- 
plicated and it is therefore worth while to examine what we know 
about the simple case of a chemical equilibrium being influenced by 
surface forces. 

J. J. Thomson (“ Applications of Dynamics to Physics and 
Chemistry/’ London, 1888, p. 234) was the first to point out that a 
chemical equilibrium ought to be influenced by capillarity. This 
celebrated treatise has always appeared to me as the true successor 
of Gibbs’s thermodynamical papers from which the chemist of to-day 
may still derive many suggestions. In it we find the sentence : “ If 
the surface tension increases as a chemical action goes on, the 
capillarity will tend to stop the action, while, if the surface tension 
diminishes as an action goes on, the capillarity will tend to increase 
the action.” Thomson attempted to prove this theoretical con- 
clusion by experiments on the so-called “ dead space.” As is well 
known, alkali acts on chloral hydrate in aqueous solutions to yield 
chloroform, which separates throughout the solution as a white 
deposit of droplets except for a thin surface film where the solution 
is in contact with the air. This phenomenon was noticed first by 
Liebreich ( Z . physihal . Chem., 1890, 5, 529). Now Monkman 
showed that the surface tension increases while this reaction is 
proceeding. This might at first sight make an explanation of the 
“ dead space ” possible on the assumption that the formation of the 
chloroform is retarded in the surface, since surface tension increases. 
Yet, however satisfactory this explanation may appear, it is 
inadequate. The real explanation is probably much simpler. 
Budde (ibid,, 1891, 7, 586; Wied. Ann,, 1892, 46, 173) showed that 
the absence of chloroform droplets in the uppermost layer is 
probably merely the result of evaporation, the whole phenomenon 
being most sensitive to small differences in temperature. This 
earlier attempt to verify Thomson’s theory was therefore not 
altogether successful. 

In the 40 years which have elapsed since then, a number of 
investigators have taken up this question. No case has been found 
simple and clear enough to afford a complete test of the theory; 
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the facts, however, agree with it on the whole. Before entering 
upon these investigations in detail, permit me to discuss some 
generalisations which I shall use. 

Increase and decrease of surface tension caused by the dissolved 
substances are related to a change of concentration of these sub- 
stances in the surface according to Gibbs’s equation. If the surface 
tension increases or decreases with increasing concentration, the 
surface contains respectively less or more of the dissolved substance 


Fig, 1. 



than the liquid in bulk. Let us call this change of concentration in 
the surface “ adsorption.” We then may assume that a substance 
is adsorbed negatively if it raises the surface tension, and is adsorbed 
positively if it lowers the surface tension. And Thomson’s relation 
between capillarity and chemical equilibrium may be expressed in 
the following way : the displacement of chemical equilibrium in a 
surface takes place in a direction favouring those substances which 
lower the surface tension and are therefore adsorbed positively. 
Such substances are said to exert “ capillary action,” an expression 
which is perhaps not defined quite sharply. 
g2 
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It may be rather bold not to confine these speculations to liquid- 
gas or liquid-liquid surfaces, where we are really able to measure 
surface tension, but to extend them to surfaces of solid substances. 
Here we are not able to measure surface tension, at least not with 
any degree of precision, but we can easily enough find phenomena 
which may be considered as phenomena of adsorption. There is a 
great similarity in the behaviour of these different boundaries. Let 
me remind you of two facts. First, the so-called rule of Traube 

holds good in aqueous 
solutions even if the 
second phase is a gas, a 
liquid such as mercury, 
or a solid such as char- 
coal. According to this 
rule, capillary activity 
increases strongly and 
regularly as we ascend 
any homologous series of 
organic substances. This 
becomes clear, for in- 
stance, in the decrease of 
surface tension in solu- 
tions of fatty acids as 
shown in Fig. 1, and in 
accordance with Gibbs’s 
rule the adsorption in- 
creases as we rise in such 
a series. Figs. 2 and 3 
show adsorptionisotherms 
of fatty acids on charcoal 
and on siloxen (Si 6 0 3 H 6 ), 
an enormously porous and 
strongly adsorbing sub- 
stance prepared from 
calcium silicide (CaSi 2 ). The second fact is that organic (and 
many inorganic) acids and bases exhibit much greater capillary 
activity than their salts : they lower the surface tension more 
strongly and are accordingly adsorbed in a higher degree by most 
adsorbents. This may be explained by assuming that the ions 
are less active in this respect than the undissociated molecules. 

I am sine that surface chemistry will suffer many changes in the 
near future. But even if the ground on which we tread is not very 
firm,, nevertheless I believe that we may generalise Thomson’s 
relation and say that, on any surface, substances which are adsorbed 


Fig. 2. 
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strongly are formed in large amount and the chemical equilibrium is 
therefore shifted in this direction. 

Let me now return to the subject of my lecture, I shall com- 
mence by discussing a phenomenon which is rather complicated but 
has been known for a long time. If charcoal is shaken with salt 
solutions, especially those of salts with organic ions like dyes or 
alkaloids, the two ions are not always adsorbed in equivalent 
amounts; a dye kation, for instance, may be adsorbed more 
strongly than an inorganic anion, hydrogen ions replacing the 
lacking kations in the solution. This kind of exchange adsorption 
was perhaps considered to be of 
no great interest ; it was assumed 
simply that some foreign sub- 
stance (e.g., ash) in the charcoal 
exchanged some of its ions for ions 
from the solution. This explan- 
ation had to be given up, however, 
when Bartell and Miller (J. Amer. 

Ghent. Soc ., 1922, 44, 1866; 1923, 

45, 1106; Miller, ibid., 1924, 46, 

1150; 1925, 47, 1270) showed 
that a very pure charcoal made 
from sugar and containing less 
than 0-01% of ash behaved in a 
similar way : it adsorbed acids 
from salt solutions, the solution 
being alkaline after adsorption 
had taken place. The amount 
of acid calculated from the alka- 
linity of the solution agreed ex- 
cellently with the amount found 
directly by washing the sugar 
charcoal with an organic solvent and titrating the acid. There 
was also a very distinct parallelism between the amount of acid 
adsorbed from the salt solution and the adsorbability of these 
acids in pure solution, for instance, for a benzoate, an oxalate, 
and a chloride. Here we really seem to have a hydrolysis of the 
salt caused by adsorption, a shifting of an equilibrium in such a 
direction that the production of the more strongly adsorbed 
substances — the acids — is favoured. 

Recent investigations by Frumkin (Frumkin and Donde, Ber., 
1927, 60 , 1816; Bruns and Frumkin, Z . phyeikal. Ghent., 1929, A , 
141, 141 ; Burstein and Frumkin, ibid., pp. 158, 219) have shown, 
however, that the conditions are more complicated and that the 
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electrical influence of the ions cannot be neglected. He activated 
an ash-free sugar charcoal in an electric furnace under a high 
vacuum up to 1000°, taking care that no air came in contact with the 
charcoal before it had adsorbed the dissolved substances. This 
charcoal did not appreciably adsorb weakly adsorbable inorganic 
substances such as hydrochloric acid or sodium hydroxide. If, 
however, the charcoal came in contact with air or oxygen it was 
able to adsorb acids such as hydrochloric acid but not alkalis. On 
the other hand, if the sugar charcoal was heated to 1000° in an 
atmosphere of hydrogen and carefully kept from the air, its behaviour 
was reversed : it adsorbed alkalis but not acids. Frumkin believes, 
therefore, that charcoal behaves like a gas electrode. If it contains 
oxygen, it gives off hydroxyl ions to the solution and takes up 
anions from it ; the solution turns alkaline and loses an equivalent 
amount of anions. If the charcoal contains hydrogen, hydrogen 
ions are given off to the solution, kations are taken up from it, and 
it turns acid, losing an equivalent amount of kations. The 
adsorption of a weak and strongly adsorbable acid such as benzoic 
acid is not influenced by treating the sugar charcoal with hydrogen in 
the way described. In the case of the salts of weak acids, we may 
assume, therefore, that we really have a displacement of the equi- 
librium in the first sense, but especially for strong electrolytes the 
conditions are markedly modified by the presence of gases. In any 
case, we have no very well-defined case of the shifting of a chemical 
equilibrium by surface forces. 

Experiments which leave no doubt as to the existence of such a 
displacement were recently made by Deutsch {Ber., 1927, 60, 1036 ; 
Z. physikal. Chem., 1928, 136, 353), in the Dahlem laboratory of the 
Kaiser Wilhelm Institut fur physikalische Chemie. He found that 
indicators in solutions near their turning point changed their colour 
if the solution was shaken with an indifferent fluid such as benzene, 
toluene, etc. If, for instance, a solution of bromothymol-blue in a 
hydrogen-ion concentration of p lx 7-4 is treated in this way, the 
colour changes from blue to yellow. This change of colour only 
takes place as long as fine drops of benzene are emulsified in the 
aqueous solution; it disappears as soon as the two phases have 
separated again. The more strongly the fluid is shaken, the more 
pronounced the colour becomes, because the droplets formed are 
finer and more numerous, their interface being accordingly larger. 
There can be no doubt that the colour change is caused by the 
emulsification, that is, by the formation of the large interface. 
The phenomenon is absolutely reversible, and may be repeated 
indefinitely. The colour changes as if the p K had altered from 74 
to 6*2* The shifting of the equilibrium between the different ions 
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and molecules characteristic for this indicator is of this order of 
magnitude. 

This might be explained by assuming that the hydrogen-ion con- 
centration in the surface of the droplets is different from that in the 
bulk of the liquid ; but this does not hold, for if we take an indicator 
which is not an acid dye, such as malachite-green, it also changes on 
being shaken with an indifferent fluid. The change of the which 
we would like to make responsible for the colour change has, however, 
a reversed sign in this case. With malachite -green the colour changes 
from yellow to green ; this would correspond to a change of p lz from 
0-5 to 1-5. Table I, as given by Deutsch, shows that acid and basic 
dyes seem to behave throughout in this way. 


Table I. 




Colour 

of 

Colour 

on 

Change of p tl 
corresponding to 

Indicator. 

Solvent. 

solution. 

shaking. 

colour change. 

Guinea-green 

About 1-0A-HC1 

Yellow 

Bluish- 

green 

From 0-0 to 0*6 

Malachite-green 

„ 0-4 „ 

Yellow 

Bluish- 

„ 0-5 

„ 1-5 

Brillant-green 

„ 0-25 „ 

Yellow 

green 

Greenish- 

blue 

Blue 

„ 0-7 

2-0 

Methyl-violet 

„ 0-1 „ 

Green 

„ 1*0 

„ 2*0 

Thymol-blue 

„ 0-016 „ 

Yellow 

Reddish- 

violet 

„ 2*8 

„ H> 

Tropseolin 00 

,, 0-016 „ 

Orange - 
yellow 

Red 

„ 2*8 

„ 1*8 

Bromothymol- 

blue 

Mixture of dis- 
tilled and un- 
distilled water. 

Blue 

Yellow 

„ 7-4 

„ 6*2 


The change of interfacial tension agrees with Thomson's relation, 
as far as it has been tested hitherto, and in so far as ifc was sufficiently 
large to be tested. With malachite-green, for instance, the inter- 
facial tension is lowered to 22% if the concentration of hydrochloric 
acid is changed from 0*43 to 025#, and the hydrogen-ion con- 
centration (p H ) alters correspondingly from about 0-5 to 0-7. This 
change causes a colour change similar to that which happens on 
shaking. 

Before entering into the intricate question of determining what 
chemical changes are taking place in the interface, and how they arc 
to be explained, I should like to point out that this phenomenon is 
found, not only at the interface of two liquids, but also at the 
surface of fluids in contact with a gas phase. It is not quite so easy 
to demonstrate it there, because the foam of the liquid has to be 
sufficiently stable to make the colour change visible. This is the 
case with thymolsulphonephthalein. If we shake a solution of this 
indicator having a of about 2*8 with air or in a vacuum, where the 
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gas phase contains only water vapour, the foam turns reddish- 
violet, whereas the bulk of the liquid remains brownish-yellow. 

It is no easy question to determine what chemical reactions are 
occurring in the interface. The reactions of these indicators are 
far from simple. There are generally quite a number of ions of 
different valency, a series of isomeric forms, and in many cases also 
amphoteric ions. Deutsch believes that the case of malachite-green 
permits us to draw certain conclusions. Under the conditions of 
the experiments, we have to consider 5 kinds of molecules (Rotger, 
Diss., Berlin, 1924) : 3 of a carbinol structure — an undissociated 
form and 2 ions — and 2 of a quinonoid structure — a univalent blue 




(II; Blue.) (Ill; Yellow.) 


H + N(CH 3 ) 2 



(II a.; Colourless.) 


H+N(CH 3 ) 2 



(IIIa; Colourless.) 


kation and a bivalent yellow kation. It seems very likely that we 
have to deal only with the transformation of this yellow kation into 
the blue one. This would account for the colour change and for the 
fact that the reactions proceed quickly, whereas the conversions of 
the carbinol into the quinonoid forms go much more slowly. We 
have accordingly the change of a bivalent ion into a univalent one. 
This means that at the interface a less dissociated substance is 
formed. A similar conclusion may be drawn from the acid dye 
bromothymol-blue : the colour change at the interface agrees with 
the formation of a less dissociated molecule. Deutsch ventured to 
generalise these experiences and assumed that in all cases the form- 
ation of undissociated or less dissociated molecules is favoured in the 
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interface touching the gas phase or the phase of an organic liquid. 
This would agree with the general conception that the undissociated 
molecules are more strongly adsorbed than the ions by many 
adsorbents. I must confess, however, that Thiel {Z. EleJctrochem 
1929, 35, 266), for instance, who is a very good specialist in indic- 
ators, is not convinced that these colour changes found by Deutsch 
are always in accordance with the production of less dissociated 
molecules. He believes that in quite a number of cases, for instance 
with tropaeolin and thymol-blue, the colour change at the interfaces 
is caused by the formation of other ions which need not be considered 
as less dissociated. In the case of tropaeolin it is an amphoteric ion, 
and in that of thymol-blue most likely the ion of a carbonium base. 
We do not know enough about such ions to say whether their 
capillary activity is especially pronounced. 

Rather surprising results were found by investigating the inter- 
face from the other side, so to speak. Deutsch dissolved the colour- 
less base of rhodamine-0 in benzene and shook this solution with 
water. The emulsion formed turns deep red; in this case the 
phenomenon depends upon the droplets of water dispersed in the 
benzene. The colour disappears practically when the phases are 
separated again, the water in bulk being only weakly coloured from 
the red base of the dyestuff. This phenomenon is again markedly 
independent of the nature of the interface. If a piece of filter paper 
is dipped into the colourless solution of the base in benzene it turns 
red ; this is also the case if dry quartz powder is used instead of 
filter paper. 

These experiments seem important in many respects. We see 
that a substance — in this case, the red base of the dye — may be 
formed at an interface, remaining very stable there, this substance 
being only formed in a very small amount or practically not at all 
when the area of the interface is too small. Further, it looks very 
much as if the change on the benzene side of the interface were a 
reversal of that on the aqueous side ; that is, on the latter side, less 
dissociated substances seem to be favoured, these substances very 
often being such as would have dissolved in the organic liquid or in 
the gas phase (generally in the phase of the smaller dielectric 
constant) if such a solution were possible. On the benzene side, on 
the other hand, the same red substance, which is dissolved in the 
water, seems to he favoured. That this form is more dissociated 
than the colourless form in the benzene is most probable. We have 
to take into account the following possibilities. The colourless base 
is most likely a lactoid form. This is made plausible by the fact 
that some rhodamine dyes, which are esters, dissolve in benzene with 
a red or yellow colour and do not have a colourless base. Now the 
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constitution of these esters is such that conversion into the lactoid 
form is impossible. Therefore, this is most probably a colourless 



Betaine form. Ester. 


form of the base which is able to be formed by those dyes that are 
not esters. The red form of the base has most likely a quinonoid 
structure. We have two possibilities : an ammonium base of 
quinonoid structure, or the betaine form of the base. Some facts 
seem to indicate that we ought to prefer the latter. The ammonium 
base would need one more molecule of water than the betaine form. 
Now the presence of water does not seem absolutely necessary for 
the formation of the red base at an interface, for, if the benzene 
solution of the base is carefully dried with sodium, and if quartz 
powder, previously heated to redness and carefully protected from 
moisture, is added, the quartz turns red nevertheless. The change 
we are dealing with is therefore most likely the transition from the 
colourless lactoid form into the red betaine form. Now, according 
to the investigations of Bredig, Kuster, and others, the betaine 
form has a great tendency to exist as an amphoteric ion. This is 
most likely the red substance with which we have to deal. The 
latter is to be considered as decidedly more dissociated, or at any 
rate as less saturated, than the lactoid form. The substance formed 
in the benzene side and soluble in water is therefore one which we may 
consider to be more dissociated. 

Also, in the case of those rhodamine dyes like “ rhodamine 6G 
extra ” and “ rhodamine 3G extra,” which have the constitution of 
esters and dissolve in organic liquids in a coloured form, a change of 
colour takes place on shaking with water and on other interfaces. 
The bases of the two dyes mentioned are yellow in benzene solution. 
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and red in aqueous solution, in which they are much less soluble. 
When the benzene solution is shaken with water the colour turns 
red, and the same is the case if quartz is added to the benzene 
solution. The change is always in favour of the substance in the 
aqueous solution. This is perhaps in every case the amphoteric 
ion of the betaine form. In order that this substance be formed we 
must assume that the esters partly undergo a dissociation at the 
interface into the betaine form and alcohol. 

I should like to mention some more experiments which show in 
quite different cases how different interfaces may behave similarly. 
Fajans (Fajans and Hassel, Z. EleTctrochem ., 1923, 29 , 495; Fajans 
and Wolff, Z . anorg. Chern 1924, 137 , 221) has investigated the 
adsorption of dyes on silver halides. Substances like silver eosinate 
suffer a distinct change of colour provided that the adsorbing 
surface of silver halides is covered with silver ions. This is the case 
if it is precipitated from a solution containing a surplus of silver ions. 
The colour changes from a pinkish-yellow with a green fluorescence 
to a distinct red on the surface of the halide. Now Deutsch and 
Fajans showed that the same colour change takes place at other 
interfaces. If a solution containing 0*01% of sodium eosinate and 
0*01 mol. of silver nitrate (a solution which is pinkish-yellow with a 
green fluorescence) is shaken with benzene or pentane, a red precipit- 
ate is formed at the interface. The same happens if it is merely 
shaken with air. Instead of the silver salt a copper salt may also 
be used. 

This may be explained in the following way. We start with a 
dilute solution of the eosinate of the heavy metal which is strongly 
dissociated and therefore shows the colour of the anion of the dye. 
On shaking, a large interface is formed, and the equilibrium is 
shifted in the direction of the undissociated salt, which, being less 
soluble, is precipitated. On the surface of the silver halide we also 
have the formation of the undissociated salt. This is why the 
colour change is the same at all interfaces. We are not able to 
decide whether this change of colour is caused by a deformation of 
the dye molecule, as Fajans believes, or whether an isomeric molecule 
(in the strict sense of the word) is formed. 

Here we are already dealing with cases which are not strictly 
reversible and therefore do not belong rigidly to the scope of this 
lecture. Numerous irreversible reactions at interfaces are known in 
which insoluble substances are formed. I need only mention the 
acid soap on the surface of soap solutions (Laing, Proc> Roy. Soc 
1925, A , 109 , 28) and the denaturisation which proteins undergo if 
we shake their solution with air or other gases (Ramsden, Z. 'pkysikal. 
Chem ., 1904, 47 , 336). 
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Deutsch’s experiments are valuable in that they show definitely 
that a displacement of chemical equilibrium at interfaces really 
exists and may be found in quite a number of cases. In some 
respects they leave much to be desired. It seems hardly possible to 
develop them in a quantitative form, since we are unable to assign a 
definite area to the interface. Furthermore, the chemical changes 
occurring are rather complicated. I therefore should like to discuss 
yet another case where precisely these points seem to be much 
simpler. Certainly there is another gap which cannot be filled in yet. 

We may consider with certain restrictions that an equilibrium 
constant is equal to the ratio of the velocity coefficients of the 
forward and the reverse reaction. If we have a displacement of 
equilibrium at an interface, we may expect that the velocity of the 
one reaction will be increased, and that of the other diminished. A 
case of that kind was investigated by Juliusburger and myself. In 
homogeneous aqueous solutions we have the following two reactions : 

CH 2 Br-CH 2 -NH 2 +NaOH = ^>NH + NaBr + H 2 0 

and ^>NH + HBr = CH 2 Br-CH 2 -NH 2 . 

Bromoethylamine is unstable in alkaline solution and is transformed 
into the isomeric hydrobromide of dimethyleneimine, whereas in 
hydrobromic acid solution the hydrobromide of the latter is recon- 
verted into bromoethylamine. [The formula of the substance 
formed in alkaline solution was the cause of some discussion. 
It was first considered to be the hydrobromide of vinylamine, 
CH 2 ICH*NH 2 , but later investigations of Marckwaid (Howard and 
Marckwald, Ber ., 1899, 32, 2036; Marckwaid, Ber 1900, 33, 765; 
Marckwaid and Frobenius, Ber., 1901, 34, 3544) showed that we have 
in any case to deal with an inline.] The velocity of the two reactions 
is easy to measure quantitatively : in the alkaline solution the 
amount of bromine ions increases — it is just doubled if, as is generally 
done, we start with the hydrobromide of bromoethylamine ; and 
in the hydrobromic acid solution the amount of bromine ions 
diminishes. Now in acid solutions a secondary reaction goes on, 
the dimethyleneimine polymerising to a small extent ; although this 
disturbance is not sufficiently marked to prevent us from measuring 
the velocity coefficients in acid solution, yet, since it is irreversible, 
it does not allow us to find the point of equilibrium in neutral 
solutions. Both reactions are well defined and are not affected by 
impurities. The transformation of the bromoethylamine is a 
reaction of the first order, and the reverse reaction is of the second 
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order, the velocity being proportional to the inline and bromine-ion 
concentrations. 

Now these reaction velocities were measured in a heterogeneous 
system, the solutions being shaken with animal charcoal. It was 
necessary to know the adsorption of the following four substances : 
bromoethylamine, dimethyleneimine, and the hydrobromide of 
each. Fig. 4 shows, first, that the well-known adsorption isotherm 
agrees well with the measurements, for straight lines are obtained 
in a logarithmic plot. We see further that the bromoethylamine is 
adsorbed much more strongly than dimethyleneimine, and its 


Fig. 4. 



Log c. 

hydrobromide more strongly than that of dimethyleneimine. [Here 
we have a good example of salts being adsorbed much less than their 
bases.] According to the rule governing the displacement of 
chemical equilibrium at interfaces, we may expect that bromoethyl- 
amine, which has a stronger capillary activity, is more stable on the 
surface of the charcoal than in homogeneous solutions. The trans- 
formation of bromoethylamine into dimethyleneimine in alkaline 
solution ought therefore to be retarded, and the formation of bromo- 
ethylamine in acid solution to be accelerated. This is, indeed, the 
case, and in a very marked degree, as Figs. 5 and 6 show. We have 
first (Fig. 5) the velocity of the reaction in alkaline solution, the 
abscissae indicating the time (in minutes), and the ordinates the 
percentage of bromoethylamine transformed ; the reaction on the 
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of the reacting substances so low (generally N j 20 to A/50), that the 
bromoethylamine was adsorbed to about 100%. We are really 
dealing with a reaction where the reacting substance is entirely in 
the adsorption layer. The conditions are therefore quite different 
from those prevailing in most catalytic gas reactions, in which only 
a small and generally unknown amount is adsorbed and reacts on 
the surface. In the reverse reaction the degree of adsorption is 
much lower ; the hydrobromide of the dimethyleneimine is adsorbed 
at the commencement to about 15%. 

It might have been objected to these experiments that we were 
not sure whether the reactions going on in the heterogeneous system 
are identical with those in the homogeneous system, but we were 
able to show that this is indeed the case. In alkaline solution the 
concentration of the bromine ion is doubled under both conditions, 
and in presence of charcoal the dimethyleneimine formed could be 
distilled off at temperatures below 60° (its boiling point is 55°), and it 
formed its characteristic red crystalline salt with potassium bismuth 
iodide. It is not so easy to show that the reverse reaction is the 
same as in homogeneous solution, for we have no similar character- 
istic reagent for bromoethylamine. This, however, could also be 
shown in the following way : after the reaction had proceeded in 
acid solution in presence of charcoal, the solution was made alkaline, 
and the velocity measured with which dimethyleneimine was 
re-formed from the bromoethylamine originally produced in the 
acid solution. The reaction velocity coefficient thus measured was 
identical with that which had been found when bromoethylamine 
hydrobromide was used at the outset. 

The mechanism of the two reactions in presence of charcoal is 
distinctly different, especially in one point, from that in homogeneous 
solutions. The reaction of the dimethyleneimine in acid solution 
is of the second order as in homogeneous solutions, the coefficient 
being much larger, however. On the other hand, the reaction of 
the bromoethylamine in alkaline solution does not follow the first 
order as it does in homogeneous solution. Since the reacting 
substance is, so to speak, totally in the adsorption layer, it is neces- 
sary to use as variable a surface concentration, viz., the amount of 
amine divided by the amount of charcoal, and with this variable the 
velocity of the reaction is proportional to the § power of the surface 
concentration. We have not yet found an explanation for this 
empirical formula, but its discovery would probably provide the 
clue to a kinetic interpretation of this change of reaction velocity in 
presence of charcoal. 

The behaviour in neutral solution presents some features of 
interest. As I said before, the equilibrium to be expected cannot be 
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measured exactly because of a secondary reaction which also disturbs 
the reaction in presence of charcoal ; but it is quite clear that the 
formation of bromoethylamine is favoured strongly. For, starting 
with a neutral solution of bromoethylamine, about 90% is trans- 
formed in the course of a long time in homogeneous solution, whereas 
in presence of charcoal the reaction stops almost entirely when about 
63% is transformed. If, on the other hand, we start with a neutral 
solution of the hydrobromide of dimethyleneimine, only about 10% 
is transformed in homogeneous solution, but more than 36% in 
presence of charcoal. 

These experiments agree well with what we might expect from 
the theory : the equilibrium is displaced in the sense required by 
Thomson’s relation, the formation of capillary active substances 
being favoured. The experiments show further that a substance, 
in this case the bromoethylamine, may be more stable at an inter- 
face than in homogeneous solution under similar conditions. 

May I return once more to the question as to how far surface 
reactions are of biological importance ? I need not emphasise the 
importance of microstructure and interfaces for protoplasma and 
life in general, since Professor Donnan did so most convincingly 
in his Liversidge lecture last year (J., 1929, 1387). Although life 
never means an equilibrium, but at most a stationary state like a 
flame or a water jet, a displacement of a chemical equilibrium may 
make itself felt in the change of reaction velocities, as in our case of 
the transformation of bromoethylamine into dimethyleneimine. 
We may therefore assume that the formation of capillary active and 
strongly adsorbable substances is favoured generally if the aqueous 
phase which certainly constitutes some part of a protoplasmic 
entity comes into contact with a solid or a liquid organic substance 
of small dielectric constant. Many substances of biological im- 
portance, indeed, exhibit capillary activity, e.g. } the alkaloids and 
fats. 

The fact that at interfaces substances may be formed, and even 
possess considerable stability, whereas at the same concentrations 
without the interfaces their existence is transitory, may account for 
the extraordinary structure of many substances playing important 
biological roles. I have always been astonished at the great difference 
between the organic chemistry of our laboratories and that under 
biological conditions. Not only is the difference in the methods 
used remarkable — in laboratories we use alargerangeof temperatures 
and a great variety of solvents, whereas Nature utilises a small range 
of temperatures and a great variety of interfaces — but the sub- 
stances formed also seem to me to be very different. I doubt 
whether an organic chemist, knowing nothing about natural products 
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but, on the other hand, well trained in all methods of work and 
master of all our knowledge of the possibilities of chemical valency 
and even more, I doubt whether he could have conceived the exis- 
tence of substances like most alkaloids or cholesterol, lecithin, 
adrenaline, thyroxine, and many others. This may be caused partly 
by the fact that we know a good deal of what happens in the bulk of 
solutions, but very little about what takes place at interfaces. And 
I mean not only comparatively inert interfaces, such as air or 
charcoal, but also those which are very reactive. We must realise 
that we have to deal, not only with the relatively simple displace- 
ments discussed in this lecture, but also with a great number of 
further reactions which may take place if the unstable substances 
stabilised at an interface react with other substances at the interface 
or with the molecules of the adsorbent itself. I should not be 
surprised if the great difficulty which we meet in trying to explain 
the nature of enzymes is partly due to similar causes. They may 
be very unstable and active organic substances, perhaps even 
organic radicals which are stabilised because they are adsorbed at a 
suitable interface, but they are able to react very energetically in 
intermediate reactions with other substances also adsorbed on these 
interfaces. 


NOTES. 

An Apparatus for the Determination of Solubility . By 
Alan N. Campbell. 

In some very accurate work on the physical properties of optical 
antipodes ( Nature , 1929, 124, 792), it became necessary to determine 
solubilities with great accuracy, and any such method as the removal 
of samples from a bottle in the thermostat by means of a warmed 
pipette was obviously out of the question. Previous work with 
Goldschmidts apparatus (Z. physikal . Chem.> 1895, 17, 153) had 
shown that, although this embodies the important principle of 
filtering in the thermostat, it had certain objections : (1) it is too 
cumbrous ; (2) suction is employed, whereby, if the solid is fine or 
slimy, it becomes clogged in the filter-plug and the apparatus has 
to be cleaned out. Accordingly the apparatus shown in the diagram 
was designed. It possesses the advantages of compactness and 
simplicity, for when it is inverted in the thermostat, filtration takes 
place. 

The bottles are of the ordinary wide-mouthed 1-oz. type, except 
that the mouth of the top one is ground. Glass tubes pass through 
the bungs as shown. The wider tube (of 3 mm. internal diameter) 
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is constricted at the top and packed with glass wool. The other 
(quill) tube is drawn out to a capillary and bent into an S. As the 
liquid entering this tube at the beginning is 
pure solvent, which would dilute the saturated 
solution when subsequently expelled by the air 
pressure from below, it is advisable to arrange 
that all the immersed tube is of capillary 
diameter. The very small amount of pure 
solvent then expelled (perhaps 0*1 c.c.) is 
negligible in comparison with the total volume, 
especially when it is remembered that the 
whole solution then passes slowly through a 
layer of the solid. 

The lower bottle is charged with solid and 
solvent and the apparatus fixed in a vertical 
position on the horizontal paddle of the ther- 
mostat stirrer. When dissolution is complete, 
the apparatus is inverted in the thermostat, 
and the solution filters through the plug, air 
being displaced into the upper chamber through 
the narrow tube. The double bend at the 
mouth of the latter prevents the entrance of 
solid matter into the lower bottle. The ap- 
paratus is then removed from the thermostat 
and the appropriate (weighed) bottle closed 
with a ground-glass plate. 

The apparatus works perfectly, and should 
be very suitable for phase-rule studies, involv- 
x One-half. ing analysis of the wet solid phase. The 
slight increase of gas pressure in the apparatus 
at the temperature of the thermostat prevents the leaking in of 
therm<*Btat water. At high temperatures the apparatus should be 
enclosed in a grip to prevent the increased pressure forcing out the 
bungs. — University oe Aberdeen. [Received, December 9th , 1929.] 

2'-Nitro- 2- and - 4 - aminodiphenyl Sulphides a?id 4t'-Nitro-2- and 
- ^-aminodiphenyl Sulphides. By Herbert Henry Hodgson 

and Wole Rosenberg. 

The requisite diaminodiphenyl sulphide (25 g.) was dissolved in 
alcohol (200 c.c.), and sodium wire (5 g.) added at a rate sufficient 
to maintain regular ebullition (under reflux) ; after boiling for one 
hour, the mixture was treated with o- or p-chloronitrobenzene in 
slight excess of the amount required for the condensation 
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NH 2 -C 6 H 4 -SNa + C 6 H 4 C1-N0 2 — > NH 2 -C 6 H^S-C,H 4 -N0 2 + NaCl, 
then boiled 2 hours longer and filtered hot. Only 4'-nitro-4-amino- 
diphenyl sulphide crystallised from solution on cooling ; in the other 
cases alcohol, unchanged chloronitrobenzene, and any chloroaniline 
formed as by-product were removed by steam distillations and the 
tarry residue was crystallised three times from alcohol (charcoal). 
Constitutions were confirmed by reduction to the known diamino- 
diphenyl sulphides. 


Diphenyl sulphide. 
2'-Nitro-2-amino~ 
(bright yellow plates) 


2'-Niiro-4 : ~amino- 
(golden-brown plates) 


4'-JV itro-2-amino- 
(brown-yellow prisms) 


4'-Nitro-4-amino- 
(bright orange-yellow 
leaflets) 

2 : 4'-Diamino- 
(colourless prisms from 
dilute alcohol) 


M. p. and % S 
(C^HtoOaN.S 
requires S, 
13%). 
81-5°; 13-2 


102°; 13*2 


Colour of 
alcoholic 

Colour change of 
alcoholic solution with 

Dry product 
with cone, 
sulphuric 

chlorine 

bleaching 

solution. 

water. 

powder. 

acid. 

Greenish- 

Brown with 

Pale 

Yellow 

yellow 

light sal- 

brown 

Brown- 

mon flocks 
Light hrown 

Pale 

Deep red 

yellow 

with 

brown 

changing to 

Greenish- 

brown 

flocks 

Pale brown 

Pale 

blue and 

violet on 
heating 

Orange 

yellow 

with sal- 

brown 

Greenish- 

mon-pink 

flocks 

Light brown 

Pale 

Bed-orange 

yellow 

with yel- 

brown 


iu¥Y nuvuktt 

(compare Kehrmann and Bauer, Ber. } 1896, 29, 2362) 


62*5°; 15*0 (Calc. 14*8) 

(compare Nietzki and Bothof, J9er,, 1894, 27, 3261; 1896, 29, 2774) 


The authors desire to thank the British Dyestuffs Corporation 
for gifts of chemicals.— Technical College, Huddersfield. 
[Received, November 13th, 1929.] 


The Solubility of Sodium Thiocyanate in Alcohol. By James 
Riddick Partington. 

In a recent communication (Hughes and Mead, J., 1929, 2282) the 
authors state that, for the solubility of sodium thiocyanate in alcohol, 
“ no data are at present available.” This statement is incorrect, 
since Dr. F. E. King and I published a series of experiments on this 
subject some little time ago [Trans, Faraday Soc., 1927, 23, 622). 
The method of preparation of the salt was the same as that described 
by Hughes and Mead ; their value for the solubility at 26° is, how- 
ever, somewhat lower than ours, which may be due to the fact that 
the salt used by them was somewhat purer than ours, or, equally 
possibly, to some other cause. It may be mentioned that several 
experiments on the solubilities of salts, in non-aqueous solvents have 
been published from this laboratory, and that several more are in 
progress.— East London College, University oe London. 
[Received, November 29$, 1929.] 
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An Improved Receiver for Vacuum Distillation . By George 
Armand Robert Kon. 

The accompanying figure illustrates a form of receiver for vacuum 
distillation which has been in use in these laboratories for some time. 
It is simpler and cheaper than the ordinary “ Perkin triangle/’ as it 
has only two taps instead of three ; another advantage is that when 
air is admitted through the tap A to the lower portion of the appar- 



atus in order that the receiving flask may be changed, the last few 
drops of distillate remaining in the tube B are blown into the re- 
ceiving vessel, thus minimising waste. The three-way tap C enables 
connexion to be made between the pump and either or both halves 
of the apparatus. It is, of course, possible to construct the apparatus 
with two rubber joints at D and E to allow receivers of different sizes 
to be used, but the all-glass apparatus illustrated is preferable, and 
as it is very compact, breakages are rare * — Imperial College of 

* The apparatus described can be obtained from Messrs. Howard Kawson 
& Co,, Pond Place, Fulham Road, London, S.W. 3. 
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Science and Technology, Sotjth Kensington, S.W. 7. [.Re- 
ceded, December lift, 1929.] 


Preparation of 4- and 6 - H ydroxy - 3 - nitrophenylarsinic Acids, 

By Isidore Elkanah Balaban. 

Claus and Stiebel (Ber. y 1887, 20, 1379) reduced 2 : 4-dinitro- 
chlorobenzene and obtained a mixture of 4- and 6-chloro-3-nitro- 
anilin e consisting almost wholly of the 6-chloro-compound : no 
yields are stated. These bases can be readily obtained by West’s 
method (J., 1925, 127, 494), the yields being 23*0% and 45*0% of 
4- and 6-chloro-3-nitroaniline respectively. 

When the bases are submitted to the Bart-Schmidt reaction, 
4-chloro-3-nitrophenylarsinic acid (yield, 32*4%) and 6-chloro- 
3-nitrophenylarsinic acid (yield, 32*9%) are obtained (compare 
Balaban, J., 1928, 809); and when these acids are boiled under 
reflux with 25% aqueous sodium hydroxide (10 c.c. for each gram) 
for 3 hours, they are converted into 4-hydroxy- 3 -nitrophenylarsinic 
acid (yield, 45*6%) and 6-hydroxy-3-nitrophenylarsinic acid (yield, 
73*0%) Research Laboratory, Messrs. May & Baker Ltd,, 
Wandsworth, S.W. 18. [Received, December Ith, 1929.] 


Anserine . By Prank Lee Pyman. 

Linneweh, Keil, and Hoppe-Seyler (Z. physiol. Chem.> 1929, 183, 
11) have recently shown that anserine yields on hydrolysis (3-amino- 
propionic acid and an iV"- methyl derivative of dZ-histidine. On 
distillation with soda-lime, anserine gave a dimethylglyoxaline 
which they identified with the dimethylglyoxaline obtained by 
Jowett (J., 1903, 83, 438) by distilling isop ilocarpine with soda- 
lime, since it gave a chloroaurate, m. p, 220 — 225°, Jowett giving 
m. p. 214 — 215°. They have overlooked the fact that the constitu- 
tions of the 1 : 4- and 1 : 5-dimethylglyoxalines have since been 
determined (Pyman, J., 1910, 97, 1814; 1922, 121, 2616; Rurtles, 
Pyman, and Roylance, J., 1925, 127, 581), and that it has been 
shown that the chloroaurates melt at 137 — 138° and 218 — 219° 
respectively. Their dimethylglyoxaline is thus 1 : 5-dimethyl- 
glyoxaline and consequently their methylhistidine is dZ-p-(l-methyl- 
glyoxalinyl-5-)-a-aminopropionic acid, 

H0 2 C-CH(NH 2 )*CH 2 -0-NMe^ rH 
OH-IvT ’ 

and not the 1 : 4-isomeride formulated in their paper. The relative 
positions of the side chains and the ^-methyl groups are thus the 
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same in anserine and pilocarpine. — Research Laboratories, 
Messrs. Boots Pure Drug Co. Ltd., Nottingham. [Received, 
December 18th, 1929.] 


The Mechanism of Cyanoacetamide and Cyanoacetic Ester 
Condensations. By Christopher Kelk Ingold. 

Bardhan’s account (J., 1929, 2233) of the author’s views on the 
condensation of ethyl cyanoacetate and similar substances with 
keto-enolic compounds requires adjustment. The only reference 
given by Bardhan in this connexion is to a paper (1921) by the 
author in which the conclusion was drawn that, since tendency to 
enolisation bears a close relation to tendency to condensation, the 
latter reaction involves the enol. Kohler and Corson’s later demon- 
stration (1923) that, notwithstanding the experience of previous 
observers (Thorpe, 1905; Haworth, 1908), condensation is possible 
with a ketone incapable of enolisation was naturally accepted by 
the author as proving that his former view was inadequate as a 
general conception, and in 1926, with Cooper and E. H. Ingold, he 
again discussed the Michael and aldol reactions in terms the applica- 
tion of which to cases of the type considered by Bardhan is that the 
cyanoacetamide or ethyl cyanoacetate anion may unite with the 
acetylacetone analogue either at C a (electron-displacements a ; 
aldol reaction) or at C y (displacements M ; Michael reaction), 

M a 

_rv _rv 

HOC — C“C — 0, and that a similar statement should apply to 
(y) (a) 

ketones generally, unless the second alternative disappears because 
the unsaturated system is insufficiently extended to admit of dis- 
placements M. It is also part of the theory that tendency to con- 
densation (aldol reaction; or Michael reaction, if constitutionally 


possible) and tendency to enolisation, H — CF-C—O (if constitu- 
tionally possible), are different manifestations of the same electron- 
attraction of carbonyl oxygen — which is why the two phenomena 
are related. The omission by Bardhan of any reference to this and 
subsequent cognate papers, together with his consistent use of the 
present tense in ascription to the author of the older views which 
these papers modify and supersede, are misleading features in his 
account. 

With regard to the decision between C a - and C y -carbon-coupling 
(where both possibilities are open, as in enolising 1 : 3-dicarbonyl 
compounds), a method of envisaging such problems has been ad- 
vanced by Burton and the author (1928), and a mass of consistent 
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empirical observation is available. It is therefore surprising that 
Bardhan, whose own observations on the reaction between cyano- 
acetamide and enolising 1 : 3-dicarbonyl compounds are indecisive 
in the absence of knowledge of the direction of enolisation, never- 
theless contends that carbon coupling at C a (carbonyl carbon) is the 
general mode of reaction in this and allied condensations. No 
reference is made to the large body of significant contrary indica- 
tions — even to such as directly relate to the particular reaction 
studied, as, for instance, the observations of Errera (1900), Simonsen 
(1908), and Sen-Gupta (1915) that in the condensation of cyano- 
acetamide with hydroxymethylene-ketones, in which the direction 
of enolisation is beyond doubt, and with ethoxymethylene-ketones, 
in which, furthermore, it is fixed, carbon coupling consistently 

) C*o 
C'CH-OR 

y 

The University, Leeds. [Received, November 6 th, 1929.] 
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XXV . — The Influence of Hydrogen and of Water Vapour 
on the Ignition of Carbon Monoxide. 

By Arthur Smithells, Henry Whitaker, and Theodora 
_ -Holmes. 

Introduction . 

The experimental work now recorded was commenced some years 
ago at the University of Leeds by Mr. H. Whitaker, and the point 
at issue seemed to be determined satisfactorily by 1923. Sub- 
sequently, however, further verification was deemed desirable before 
publication. Professor H. B. Baker advised the continuation of 
the work and, thanks to his kindness and to the generosity of the 
Worshipful Company of Salters in providing assistance, the experi- 
ments were resumed after a long interval by Miss Holmes. The 
greater part of the designing of the apparatus and the whole of the 
actual execution of the work fell to Mr. Whitaker and Miss Holmes, 
and in the second stage we have had the great advantage of being 
able always to count upon Professor Baker for advice. 

The experiments arose from some rather speculative deductions 
(which I no longer entertain) from the Lewis-Langmuir cubical 
atom conceptions soon after they appeared. In attempting to 
apply them to the standing problem of the combustion of carbon 
monoxide, I found they appeared to give a plausible explanation 
of a striking observation made shortly before by Bone and Haward 

H 
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(Proc. Roy . Soc., 1921, A, 100, 67). In their experimental study 
of gaseous combustion at high pressures, they had obtained results 
which showed a e< peculiar influence of hydrogen in accelerating 
the rise of pressure in the explosion of hydrogen— carbon monoxide 
mixtures at high pressures, an effect which can be shown to be 
altogether disproportionate to the volumetric amount of it present.” 
They add : “ Our experiments seem to point to hydrogen being 
even more potent than its equivalent of steam as a promoter of 
the combustion of carbonic oxide (though this is a matter needing 
further investigation).” It appeared desirable to try to measure 
the relative catalytic influence of hydrogen and water vapour on 
the initial ignitability of a carbon monoxide-oxygen mixture in a 
eudiometer at or near atmospheric pressure. 

Since 1921, the relative catalytic influence of water and steam on 
the combustion of carbon monoxide has acquired greater interest 
and has been the subject of much investigation. Professor Bone 
and his collaborators have followed up the original experiments 
and made many new ones of an exact quantitative character bearing 
on the subject during their researches on the combustion of gases 
at high pressure. Bone, Newitt, and Townend (J., 1923, 123, 
2008) obtained definite evidence that the substitution of hydrogen 
for a. small part of the carbon monoxide had a specific accelerating 
effect on the xidbng t pressure curve much greater than that produced 
by an addition of water vapour. Later, the same authors (Proc. 
Roy. Soc., 1928, A , 120, 546) and Bone, Townend, and Smith 
(ibid., p. 563) recorded further experiments on the relative influence 
of hydrogen and steam on the carbon monoxide combustion. These 
cannot be summarised without quoting numerical values, but they 
confirm and amplify Bone's earlier conclusions in reference to the 
relative influence of hydrogen and water vapour as catalysts. An 
important matter in the last-named paper is the reference to “ the 
sensitiveness as regards explosion time of theoretical carbon mon- 
oxide-air explosions to slight changes in hygroscopic conditions at 
high initial pressures, even though the moisture actually present 
in the* system be less than 0*04 per cent.” 

Other relevant observations are those of Dixon and Walls (J,, 
1923, 123, 1025), who found that the carbon monoxide— oxygen 
mixture with 5*5% of water vapour had a maximum rate of explosion 
of 1738 m./sec., whereas with 5*5% of hydrogen the rate was 1782 
m./seo. 

Payman and Wheeler (ibid., p. 1251) concluded that “ whereas 
a trace of water vapour is more effective in enabling propagation 
of flame to take place in dried mixtures of carbon monoxide and air, 
tmce as much of it is required to give to that propagation its com- 
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plete freedom.” They found that the amounts necessary for this 
were 6% of water and 3% of hydrogen. 

Fenning (Phil. Trans., 1926, A, 225, 331), in a study of carbon 
monoxide-air explosions in a closed vessel, found that with hydrogen 
less time was taken to reach maximum pressure than with water 
vapour.* 

An excellent account of investigations relating to the combustion 
of carbon monoxide, beginning with Dixon’s primary discovery of 
the influence of water, is given by Bone and Townend ( <e Flame 
and Combustion in Gases,” Longmans, 1927). 

(A. S.) 

The present experiments aimed at a direct comparison of the 
efficiency of hydrogen and water vapour in facilitating the ignition 
of a mixture of carbon monoxide and oxygen by passing a spark 
through two eudiometers in series, one containing, beside the carbon 
monoxide and requisite oxygen, a known amount of hydrogen, and 
the other an equimolecular amount of water vapour. 

Preparation and Purification of Gases . — The carbon monoxide 
was prepared in an apparatus similar to that used by Waran (Phil. 
Mag., 1921, 42, 246) by adding redistilled formic acid to pure 
sulphuric acid. The gas was passed through (1 ) potassium hydroxide 
solution to remove any carbon dioxide, (2) sulphuric acid to catch 
any alkaline spray and act as a preliminary drying agent, (3) phos- 
phoric oxide tubes for final drying, and (4) a tube cooled by liquid 
air. 

The oxygen, prepared by heating potassium permanganate, passed 
through (1) a tube containing solid potassium hydroxide and glass 
wool, (2) phosphoric oxide tubes, and (3) a liquid-air tube. 

The hydrogen was prepared by electrolysis (see Baker, J., 1902, 
81, 7, 400) between platinum electrodes, of baryta, recrystallised 
three or four times, dissolved in conductivity water. It was passed 
through (1) an electrically heated tube containing copper gauze, 
which had previously been heated to redness first in a current of 
dry air and finally in a current of dry hydrogen, to remove any 
oxygen which might have diffused into the hydrogen during electro- 
lysis; (2) a liquid-air tube; (3) a calcium chloride tube for pre- 
liminary drying ; and (4) phosphoric oxide for final drying. 

Water Vapour . — To obtain an admixture of water vapour in 
desired proportion with the combustible gases, dilute sulphuric 

* The paper just published by Gamer and Eaffey (J,, 1929, 1123) on 
“ The Effect of the Addition of Hydrogen and Water on the Budxation 
emitted from the Carbon Monoxide Flame ” is of great interest in relation 
to bur own experiments. 
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acid was used, 1 c.c. of the liquid being passed into the eudiometer 
by means of a bent pipette, and the temperature at which the 
tube must be kept to maintain the required vapour pressure was 
calculated. The vapour-pressure values used were taken from 
Eegnault’s tables; although doubt has been thrown upon his 
values at such high concentrations, it is believed that they are not 
so inaccurate as to invalidate the conclusions drawn from these 

experiments. Careful tests showed 
no measurable evolution of gas 
from the contact of the diluted 
acid with mercury under all the 
conditions of the experiments. 

Phosphoric Oxide. — The phos- 
phoric oxide used was prepared 
by redistillation in a current of 
oxygen, and was shown to be of 
a high degree of purity. For some 
of the earlier experiments, highly 
purified material kindly supplied 
by Sir Richard Threlfall, F.R.S., 
was used. 

Ignition Arrangements. — The 
gas mixture was subjected to a 
spark from the secondary of an 
induction coil run at a constant 
voltage. 

Gas Storage and Dilution 
Apparatus . — The gases were col- 
lected and mixed in the propor- 
tion of 2 vols. of carbon monoxide 
to 1 vol. of oxygen in the 
apparatus shown in Fig. 1. This 
consisted of three graduated tubes 
of approximate capacities (A) 
150 c.c., (R) 2 c.c., (C) 12 c.c., and a fourth tube (H) of approximately 
100 c.c. capacity. The apparatus was cleaned with chromic acid 
mixture, washed with distilled water, steamed out for some hours, 
and dried by the passage of hot dry air, the apparatus itself being 
heated wherever possible. 

After calibration of the -graduated tubes, the apparatus was 
dried finally and filled with freshly distilled mercury. The carbon 
monoxide and oxygen were mixed in the required proportion in 
the large tube A by connecting the apparatus at X successively to 
the two generating apparatus. From this mixture the required 
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volume for an experiment was withdrawn into the graduated tube 
C, where it was exactly measured, before being passed through B 
and the delivery tube into the eudiometer. 

As accurately known, very small volumes of hydrogen were 
required in the experiments, this gas was first mixed in measured 
proportion with a large volume of carbon monoxide-oxygen mixture 
and then added in small quantities to the main bulk of the two 
gases used in an experiment. This was carried out by filling the 
narrow-bore tube B with pure hydrogen and passing any desired 
volume of it into the carbon monoxide-oxygen mixture in A. 
After allowing time for complete admixture, the diluted hydrogen 
was passed into H for storage. 

Explosion Tubes . — The experiments were carried out in glass 
eudiometers of approximately 1*5 cm, internal diameter with 
platinum wire electrodes. The gap between the electrodes was fixed 
and measured under a travelling microscope. 

The eudiometers were cleaned as previously described, and care- 
fully dried by the passage of purified, dry air while the ends were 
heated strongly. 

To remove occluded gas in the electrodes, sparks were passed 
across them for some hours while a current of pure, dry oxygen 
was passed through the eudiometers. They were then filled with 
freshly distilled mercury, which was immediately replaced by a 
known volume of the gas mixture from the storage apparatus. 

As the eudiometers had to be water- jacketed during an experi- 
ment, it was necessary to insulate the junctions of the electrodes 
with the leads. This was done in the earlier experiments by fitting 
vertical glass tubes with their ends bent suitably to cover the 
projecting loops of the electrodes, the junction being held and 
covered by a ring of rubber tube. These vertical tubes were filled 
with mercury and the leads dipped into their open ends. In the 
later experiments, the projecting ends of the electrodes were pro- 
tected with enamel beads to which rubber tubes were attached as 
shown in Fig. 2. By attachment of a second limb of tubing, as a 
levelling tube, to the mouth of the eudiometer, and adjustment of 
the mercury column in it, atmospheric pressure was secured in the 
gas mixture. The ends of the levelling tubes were closed with rubber 
caps during the sparking to prevent scattering of the mercury. 

Temperature Control . — The arrangements for temperature control 
are shown in Fig. 3, The eudiometers were fixed in inverted bell- 
jars which served as water-jackets, and water flowed into these 
continuously from a thermostat reservoir. 

Procedure . — In each experiment one eudiometer, containing only 
carbon monoxide and oxygen in combining proportion and phos- 
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phoric oxide, was used as a control. Immediately upon charging 
the first eudiometer a second was taken, and to it was added the 
gas mixture containing a known small quantity of hydrogen. A 
small stick of compressed phosphoric oxide was passed up this tube 
and floated on the mercury surface. (The volume of the stick was 
about 1 c.c., and the entangled air not more than 0*1% of the 
total volume of gas in the eudiometer.) In a third eudiometer 
containing the carbon monoxide-oxygen mixture, 1 c.c. of suitably 
diluted sulphuric acid was brought on to the mercury surface by 
means of a bent pipette. The eudiometers so arranged were 
allowed to stand for at least 10 days, and if a spark then failed to 
fire the mixture in the control eudiometer, the experiment was 


Fig. 2 . Fig. 3 . 



a. Water leveller. e, e, e. Thermometers . 

b. Water inlet . f, f. Eudiometers. 

c. Stirrer . g, g. Inverted bell-jars. 

d. Thermal regulator. h. Bell- jar water leveller. 

proceeded with. The water-jackets of the two other eudiometers 
were connected with the thermostat reservoir and kept at a tem- 
perature sufficient to give in the third eudiometer a concentration 
of water vapour molecularly equal to that of the hydrogen in the 
second eudiometer. After 3 days had been allowed for the attain- 
ment of liquid-vapour equilibrium, the electrodes of the two eudio- 
meters were connected in series to the coil and a single spark was 
passed. If this failed to produce ignition in either tube, sparking 
was continued for some seconds. 

Results. 

The results of the first two series of experiments are in Tables I 
and II, those in Table I, which were made at Leeds, being merely 
preliminary. It was, of course, sought in each experiment to have 
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equal volumes of the carbon monoxide-oxygen mixture for trial 
with equal hydrogen and water additions. The exact measurements 
of these volumes with hydrogen and water vapour respectively 
in each experiment show such a close approach to equality that, 
to avoid complicating the table, a mean figure is used. 

Table I. 

Cone, and temp, 
of H 2 S0 4 soltn. 

required to give Time Behaviour on sparking. 
Volume Hydro- volumes of water of 



of gas. 

gen, 

%* 

vapour equivalent drying, 

Water 

Hydrogen 


c.c. 

to hydrogen. 

days. 

mixture. 

mixture. 

1 . 

10*04 

3*4 

0*0%; 22*2° 

13 

Instant flash 

Instant flash 

o. 

10*09 

0*48 

60%; 20*2 

23 

Instant flash 

Instant flash 

3.’ 

9*26 

0*044 

84*5%; 34 *5 

16 

Flame 

travelled 

slowly 

ISTo ignition 

Blue flash 

4. 

9*89 

0*037 

84*5%; 30*7 
84*5%; 28*0 
84*5%; 29*4 

14 

Flash 

5. 

12*64 

0*037 

15 

No ignition 

Flash 

6 . 

9*96 

0*042 

18 

No ignition 

Blue flash 


Table II. 


1 . 

7*45 

0*049 

82*4% ; 

25*8° 

38 

No ignition 

Ignition 

s> 

2. 

8*70 

0*049 

81*7%; 

25*0 

24* 

r> 

3. 

6*65 

0*048 

81*7%; 

23*75 

20“ 

tr 

>t 

4. 

7*43 

0*047 

8.2*4%; 

24*9 

126 

»» 

tt 

5. 

S*10 

0*045 

80*5%; 

36*2 

126 

»» 

tt 

6. 

7*25 

0*045 

80-5%; 

26*0 

105 

tt 

»» 

7. 

4*80 

0*057 

80-5%; 

30*0 

15 



8. 

5*50 

0*058 

80-5%; 

30*2 

10 



9. 

7*45 

0*032 

81*7%; 

20*0 

23 


No ignition 


Table I indicates that below approximately 0*04% of catalyst 
there is a difference in the effects of hydrogen and water vapour. 
From Table II, it is seen that with proportions of both hydrogen 
and water vapour throughout the range of about 0*03 to 0*06% 
the hydrogen alone conferred ignitability, except in Expt. 9, where 
there was no ignition in either tube, This value is slightly 
higher than that found in the preliminary experiments. The 
difference may well be due to the different sparking conditions, 
for a different sparking coil was used. Also, in the earlier experi- 
ments (Table I) the pressure was only approximately atmospheric 
and varied slightly in the two tubes. 

Minimum Proportions of Hydrogen and Water Vapour required to 
permit Spark Ignition , — It will be seen in Expt. 9 of Table II 
that, when the concentration of hydrogen had been reduced to 
0*032%, the mixture no longer ignited. This observation was 
verified, and an attempt was made to ascertain the limit more 
closely by beginning with a mixture, containing approximately 
0*02% of hydrogen and adding further small quantities of hydrogen. 
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Table III gives the results, from which it appears that the 0*032% 
of Expt. 9 was in fact about the limiting concentration. 


Table III. 


Volume, 

c.c. 

Hydrogen, %. 

No ignition. Ignition. 

Temp. 

Press., 

mm. 

Time of 
drying. 

7*2 

0*023 

0*033 

18° 

760 

18 days 

7*2 

0*021 

0*041 

18 

760 

IS „ 

9*4 

0*032 

0*049 

25 

762 

23 „ 

7*3 

0*018 

0*032 

17 

760 

19 „ 

4-63 

0*018 

0*038 

19 

768 

3 months 


An attempt was also made to discover the limiting concentration 
of water vapour that determined ignitability. This was done by a 
step-wise elevation of the temperature of a submerged eudiometer 
containing the gas mixture and diluted sulphuric acid. The results 
given in Table IV show that the limiting concentration is approx- 
imately 0*12% of water vapour. 


Table IV. 


Volume 
of gas, 

Cone, of 

Time, 

Press., 

Temp, 
between 
which igni- 

Equivalent 
percentage 
of water 

c.c. 

h 2 so 4 , %. 

days. 

mm. 

tion occurred. 

vapour. 

6*3 

80*5 

no 

765 

34 — 39*6° 

0*12—0*14 

4*8 

S0*5 

103 

768 

32—36 

0.10—0*13 

4*9 

80*6 

100 

768 

32—36 

0.10—0*13 

7*45 

82*4 

143 

775 

36—42 

0*07—0*12 


In the experiments described in the foregoing pages, the drying 
of the gas mixtures used was not carried to an extreme degree. It 
has been shown by Baker (J., 1902, 81, 7, 400) that considerably 
more thorough drying is necessary to prevent the combination of 
hydrogen and oxygen than that of carbon monoxide and oxygen. 
It seemed desirable, therefore, to find whether the catalysing 
influence of hydrogen on the combination of carbon monoxide and 
oxygen would be affected by a more thorough drying of the gas 
mixture. Experiments were accordingly carried out in the same 
way as those already described, but with considerably more intense 
and prolonged drying of the apparatus, as rapid filling as possible, 
and more protracted exposure of the gases to phosphoric oxide. 
The results are in Table V. 


Table V. 



Volume of 

% Volume of 

Time of 

Result of 
first 

Sparking on 
addition of 


gas, c.c. 

hydrogen. 

drying. 

sparking. 

undried ah. 

1 . 

4*5 

0*043 

12 weeks 

No ignition 

Ignition 

2. 

4*2 

0*040 

19 „ 

No ignition 

Ignition 

3. 

4*2 

0*042 

20 „ 

No ignition 

Ignition 
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Since in all cases the admission of a small bubble of undried air 
to these mixtures made them ignitable by the spark, it appears 
from these experiments that the catalytic action of hydrogen is 
conditioned by the presence of a minimal quantity of water vapour. 

Variation of Electrodes . — With a view to find whether a change 
in the material of the electrodes would reveal anything of interest, 
eudiometers were made with electrodes of copper, nickel, silver, 
and gold. After the usual experimental procedure, it was found in 
all cases that the results were the same as those obtained by the 
use of the eudiometers with platinum electrodes. In these experi- 
ments, the difficulty of sealing metals directly into glass was over- 
come by the use of seals of “ red platinum 55 (copper deposited 
electrolytically on a nickel alloy). 

General Observations on the Results . — It is, of course, to be under- 
stood that the significance of the numerical results recorded in this 
paper may be considerably restricted by the particular conditions 
of the experiments. Slight variation in procedure and especially 
in the conditions of spark ignition may be suspected to have far- 
reaching effects. Experiments now in progress have shown that 
the effective proportion of the catalyst gases varies considerably 
with the length of the spark gap and the character of the discharge. 
But, working within the conditions described, precautions have 
been taken to interchange the eudiometers used respectively for 
the hydrogen and the water vapour additions, and to change the 
material of the electrodes. 


Summary. 

A comparison has been made of the relative influence of hydrogen 
and water vapour on the ignitability of a mixture of carbon monoxide 
and oxygen by the spark discharge. To the purified gases, mixed 
in combining proportions and contained in two eudiometers, hydro- 
gen and water vapour were added in equivalent proportion, and 
after time had been allowed for admixture a spark was passed 
simultaneously in series through each mixture. 

It appeared in the first instance, when the drying of the carbon 
monoxide-oxygen mixture had not been greatly prolonged, that 
hydrogen was more effective than water vapour in conferring 
ignitability. Through a range of concentrations varying from 
approximately 0-03 to 0-06%, hydrogen was effective, whilst water 
vapour was not. An estimation of the minimum quantities neces- 
sary gave 0*03% for hydrogen and 0*12% for water vapour. These 
figures are not to be taken as absolute values, for they are affected 
by the particular conditions of the experiments. 

In later experiments with more intensive drying of the com- 
h2 
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bustible mixture, it was found that the activity of the hydrogen 
was altogether inhibited. In other words, the superior catalytic 
effectiveness of hydrogen just described was in its turn conditioned 
by the presence of a minimal quantity of water vapour. It may 
equally well be said, alternatively, that in the presence of hydrogen 
a minimal quantity of water sufficed to confer ignitability. 

These results are in harmony with our earlier observations and 
with those of other workers. 

[Received, November 21th, 1929.] 


XXVI . — The Effect of Hydrogen-ion Concentration on 
the Electrode Potential of Iron . 

By A. L. MoAulay and Geoffrey L. White. 

Corrosion of iron in practical cases is almost entirely due to the 
electrolytic effect of currents flowing between points on its surface 
which are in different electrical conditions. A trace of moisture 
on the surface is sufficient to permit corrosion to take place in this 
manner. The existence of such differences in electrode potential 
is known to be caused to a great extent by differences in exposure 
to oxygen of adjoining regions in the corroding iron. It is also 
known that the electrode potential of iron varies greatly with other 
external conditions, and it is important to know what effect the 
variation of some of these conditions will produce. The two most 
powerful factors in determining the behaviour of a corroding iron 
surface are (i) exposure to oxygen, and (ii) the hydrogen-ion 
concentration of the electrolyte causing corrosion. 

It was thought that an investigation of the electrical behaviour 
of iron surfaces under varying conditions of p E would give inform- 
ation of fundamental importance, provided that the initial diffi- 
culties in the realisation of a standard reproducible state could be 
overcome. It was further hoped that, with rigorously simplified 
conditions, results of theoretical interest might be obtained which 
would throw light on the general mechanism of the production of 
electrode potentials. 

A previous investigation (McAulay and Bastow, J., 1929, 85) led 
to the recognition of a standard condition in neutral solutions, and 
gave the results of varying the degree of exposure to oxygen of a 
surface brought to this standard state. The present paper is 
mainly concerned with an investigation of the effect of varying 
hydrogen-ion concentration on electrode potential in an air-free 
solution. The results differed according to the anion present, but 
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were completely reproducible with the two anions (chloride and 
phosphate) investigated. Further experiments were carried out 
in solutions in a normal state of aeration ; here no attempt was 
made to obtain accurate quantitative reproducibility, but certain 
large-scale effects are described which were qualitatively repro- 
ducible. In particular, conditions were observed where, with an 
extremely small change in a very great change in electrode 
potential was brought about. 

Experimental. 

The apparatus and experimental technique for obtaining an 
iron electrode in an air-free solution and for measuring its potential 
were the same as in the previous paper {loo. cit .). M /5-Solutions 
of potassium chloride and potassium phosphate were used, and 
the p K was lowered by adding to each its appropriate acid, or raised 
by adding sodium hydroxide. The p Ll naturally altered when the 
unbuffered solutions in the neighbourhood of neutrality were 
boiled ; and it also changed, when on the acid side, owing to dis- 
solution of oxide from the electrode. The solution was tapped 
and the p a measured when equilibrium had been reached and the 
electrode was at a steady potential. The p E measurements were 
made by the use of appropriate indicators standardised by solutions 
of the B.D.H. Universal Buffer, which were in their turn standard- 
ised with a hydrogen electrode, as it was found that they changed 
considerably with time. Some difficulty was experienced in obtain- 
ing steady conditions when the electrolyte was alkaline, probably 
owing to a decreasing tendency for destruction of the oxide film 
formed on the electrode before immersion. Up to a p& of about 
10, this difficulty could be overcome by the passage of a quantity 
of electricity of the order of 100 millicoulombs to the electrode as 
cathode. The electrode would in these conditions polarise to a 
high negative potential (of the order of 1*0 volt on the saturated 
calomel scale) and, when this polarisation had disappeared, would 
be found to bo in a steady reproducible condition. The incon- 
sistency between this effect of current and that found in the case 
of neutral solutions described in the earlier paper is a real one, 
and it is intended to make this and certain other peculiarities the 
subject of further investigation. 

At higher alkalinity than p K 10, it was not possible to bring iron 
to an electrically reproducible state. The electrode then showed 
all the features associated with the presence of a film of oxide, 
gradually drifting to an indeterminate potential of the order of 
—0*4 on the standard calomel scale. 
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Results. 

(a) In air-free solutions. Fig. 1 shows the relation between pu 
and equilibrium electrode potential of pure iron* against the 
saturated calomel electrode. Fig. 1(a) represents points given by 
potassium chloride and Fig. 1(6) those given by potassium phos- 
phate. The solution was Mj 5 in anion concentration, with the 
exception of the most acid point on the chloride curve and of the 
two check points A and B in Fig. 1(a). 


Fig-. 1 (a). 



These final equilibrium potentials required very different times 
for their establishment. The rise in the extreme alk alin e region 
was very slow indeed, and the slightest trace of oxygen would 
prevent an equilibrium potential being reached, presumably owing 
to the formation of an oxide film which caused the potential to 
drift to a more positive value than the equilibrium potential. 
Difficulties of a different sort were encountered in the acid region, 
where the potential tended to become unsteady at a higher value 
than the equilibrium potential. In the neutral region with chloride 
solutions, difficulty was experienced in maintaining the p K con- 
stant and in measuring its true value in the cell. Occasionally, in 

The iron electrodes were supplied by Hilger and the following analysis 
given: Sn, 0*02; Pb, 0-001; As, 0-005; P, 0-010; Mn, 0*0315 Mo, 0-05; 
Cu, 0-04; Ni, 0-007; Cr, 0-016%; Si and Sb, traces ; Al, Mg, Ca, Ti, V, none ; 
t/O is not mentioned. 
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making check experiments, an indicator was introduced into the 
cell. 

It will be seen that in each case the relation between and 
equilibrium electrode potential is expressed fairly exactly by a 
pair of straight lines, the one of less slope in the alkaline region 
being the same for both anions, but that in the acid part being 
specific for each anion. A tentative explanation is attempted 
later. 


Fig. I (b). 



Equilibrium potentials {saturated calomel scale) in M /5 - phosphate solutions , 
[The broken lines are reproduced from Fig, 1 (a).] 

In order to test whether the concentration of the anion had any 
effect on the potential at a given £> n > experiments were made with 
concentrations of A/100- and of 4*2iV-potassium chloride [points A 
and B, respectively, Fig. 1(a)]. In both cases the equilibrium values 
are seen to be practically on the curve, although peculiarities were 
noticeable in their establishment. 

(b) In solutions not rendered air-free. The behaviour of electrodes 
in such solutions was so complicated that no standard quantitative 
work was attempted. Certain large-scale effects were observed, 
however, which seem to be of importance. In phosphate solutions, 
a definite critical exists (between 7*6 and 8*5) on the alkaline 
side of which the equilibrium potential of a freshly-ground electrode 
starts at about — 0*31 (saturated calomel scale) but falls in about 
10 mins, to about — 0*3, at which it remains constant ; on the acid 
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side, however, the potential rises rapidly to the neighbourhood of 
— 0*8 and then remains constant. In chloride solutions no such 
critical p E for equilibrium potentials exists : for solutions as alkaline 
as p R 9 the potential very slowly drifts to a value near — 0*7. 

Discussion of Eesults. 

(a) Air-free Experiments . — The following tentative theory is 
advanced to explain the results shown in Fig. L The steeper 
straight line on the acid side of the curve represents the deposition 
of hydrogen by direct replacement of iron, the electrode in this 
region behaving directly as a hydrogen electrode with high negative 
potential due to overvoltage. This theory views the deposition of 
hydrogen as similar to its electrolytic deposition. The stream of 
ferrous ions leaving the metal and balancing the positive current 
caused by the hydrogen is thought to have no effect on the over- 
potential. Experiments on the simultaneous deposition of metal 
and hydrogen ions suggest that this should be the case (McAulay 
and Bowden, Phil . Mag,, 1926, 1, 1282). 

This theory immediately accounts for the fact that the slope of 
the line is less than 0-057 volt per p R unit, for hydrogen evolution 
is more rapid the higher the concentration of the acid. It also 
accounts for the different lines obtained with chloride and phosphate. 
In the first case, deposition takes place at a clean iron surface, 
and in the second, at a surface of insoluble ferrous phosphate, and 
the overvoltage would be expected to have a different value. 

There seems considerable difficulty in explaining the less steep 
straight line representing the more alkaline part of the curve, 
where evolution of bubbles does not take place. It is thought 
that it is determined by hydrogen overpotential and that the iron 
is effectively a hydrogen electrode. If the potential were deter- 
mined by ferrous ions depositing on a clean iron surface, it would 
be at least 0-2 volt more negative than that observed; while ferric 
ions would be deposited till a concentration of less than KHW 
was left in solution before they could be in equilibrium with an 
iron surface at this potential. The electrode cannot be acting as 
an oxidation-reduction electrode for ferrous and ferric ions, for 
the concentration of ferric ions at such a potential would have to 
be of the order IQ*" 20 of that of the ferrous ions. It is impossible 
to conceive of such minute traces of an ion in the electrolyte deter- 
mining the potential of the electrode when there is nothing to 
prevent the solution of ferrous ions from the iron. It appears 
probable, therefore, that hydrogen determines the electrode potential. 

Another possibility is that the electrode surface throughout this 
part of the curve is in a different condition from that in which 
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there is direct replacement of iron by hydrogen, and that it has 
not the character of a clean iron surface. Possibly, the observed 
potential is characteristic of the equilibrium between ferrous ions 
in the solution and ferrous ions in some oxide lattice on the electrode 
surface. It is hoped that experiments with other metals will afford 
information as to the reason for this different slope. 

(b) Experiments in Solutions not rendered Air-free . — The explan- 
ation of the qualitative results observed with these solutions is 
believed to be as follows. In the case of the phosphate, the definite 
positive potential obtained at p a values greater than 8*5 is due to 
the formation of an oxide skin which the feeble disintegrating powers 
of the phosphate ion are unable to destroy. The negative potential 
obtained at smaller p& values is believed to be due to the formation 
of a film of insoluble ferrous phosphate. The chloride ions, on the 
other hand, have a powerful disintegrating effect on the oxide film, 
and the final potential observed in aerated solutions is the result of 
the opposing effects of destruction of the film by chloride ions and 
its repair by dissolved air. Experiments with potassium sulphate 
indicated a much less energetic disintegration of the film by sulphate 
ions than by chloride ions. 

Summary . 

Examination of the electrode potentials of pure iron in air-free 
solutions of various p& containing potassium chloride or phosphate 
has led to results of a standard and reproducible nature, which 
should provide a foundation for work of a more directly practical 
nature where conditions are necessarily more complicated. The 
curves showing the relation between p u and equilibrium potential 
split up into two straight lines of different slope, and a discussion 
of these is attempted. 

Experiments have also been made with solutions not rendered 
air-free, and a very marked discontinuity of the curves has been 
observed in the case of the phosphate solutions. 

In conclusion, our best thanks are due to the Commonwealth 
Council for Scientific and Industrial Research for the generous 
grant that we have received from them which has made it possible 
to carry out the work described in this paper. In addition, atten- 
tion is drawn to an oversight in a previous paper on this subject 
(J., 1929, 85), where it was intended to make a similar acknow- 
ledgment of an earlier grant made for the same purpose by the 
C.S.I.R. 

University of Tasmania, 

Hobart, Tasmania. [Received, September 30 $, 1029 *] 
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XXVII . — The Pyrophosphate Method for the Determin- 
ation of Magnesium . 

By Stanko Stankov Miholic. 

It is known that in the determination of magnesium as pyro- 
phosphate great care is necessary to obtain a precipitate of the 
composition MgNH 4 P0 4 (Epperson, J. Amer . Chem. Soc., 1928, 50 , 
321) and that it is necessary to ensure that ignition yields pure 
magnesium pyrophosphate free from organic matter. Various 
devices for obtaining the product white have been suggested 
(McNabb, ibid., p. 301; Hillebrand, Bull. Geol. Survey, U.S.A., 
1919, 700 , 151), but Epperson has shown that these expedients 
are of little value. Since platinum crucibles are expensive and 
may be damaged, it is desirable to utilise porcelain or sintered-glass 
crucibles. In this case, however, lower temperatures of ignition 
must be used. Theoretical considerations lead to the conclusion 
that the temperature necessary for a complete dissociation of 
MgKE 4 P0 4 cannot be so high as hitherto used, viz., 900 — 1200°. 
Most ammonium salts dissociate below 500°, and ortho- is trans- 
formed into pyro-phosphoric acid at or below 250°. Moreover, it 
is a common experience that the charring of organic material is 
the more complete, and the ash the whiter, the lower the temper- 
ature used. Further, McNabb (J. Amer. Chem. Soc., 1927, 49, 
1451) has shown that the analogous dissociation of magnesium 
ammonium arsenate is complete at 500 — 600°. An attempt was 
therefore made to ignite magnesium ammonium phosphate at as 
low a temperature as possible, and 480° was chosen as being probably 
the most suitable. 

Experimental. 

For filtration, the sintered Jena-glass crucibles used (No. 3, with 
an average pore diameter of 20 — 30 jx) were very satisfactory : one 
of them was used 50 times, and is still in use, showing only a slight 
corrosion and having lost only 0*021 g. owing to repeated cleaning 
with concentrated hydrochloric acid. 

The tests were made with iV/20- solutions of magnesium chloride 
or sulphate as standard. The magnesium content of the former 
was checked by evaporation with yellow mercuric oxide, ignition, 
and weighing as magnesium oxide, or by evaporation with sulphuric 
acid and weighing as magnesium sulphate ; for the latter standard, 
only the second method was used, the other method being imprac- 
ticable. As the magnesium sulphate solution was slightly too 
concentrated, corrected values for the calculated amount of pyro- 
phosphate were substituted in Tables II and III. 
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The details of the estimation were as follows. To a measured 
amount of the solution, diluted with 200 c.c. of water, were added 
3 drops of concentrated hydrochloric acid and then a filtered solution 
of 0*5 g. of ammonium chloride and 1 g. of ammonium phosphate 
in 20 c.c. of water containing 2 or 3 drops of a 1% alcoholic solution 
of phenolphthalein. The mixture was heated to boiling, and 
aqueous ammonia was added slowly drop by drop until the colour 
remained pink after prolonged stirring, followed « by 50 c.c. of 
ammonia solution ( d 0-96) while the mixture was still hot. After 
standing over-night, the liquid was filtered through a sintered-glass 
crucible, the precipitate washed with about 50 c.c. of 2|% ammonium 
hydroxide solution, heated in an electric oven at 480° for 2 hours, 
and weighed. Subsequent heatings at the same temperature and 
weighings showed that the precipitate had attained constant weight 
in the first heating : it was a light snow-white powder. The results 
are in Tables I, II, and III. 


Table I. 

Ay20-Solution of MgCl 2 ,6H 2 0 used. Single precipitation. 

Amount of solution taken, 


10 c.c. 

20 c.c. 

50 o. 

c. 

Mg 2 P 2 0 7 calc., 0*0557 g. 

Mg 2 P 2 0 7 calc. 

, 0*1114 g. 

Mg 2 P 2 0 7 calc, 

0*2785 g. 

Mg 2 P 2 0 7 

found, g. Diff., g. 

Mg a P 2 0 7 
found, g. 

Biff., g. 

Mg 2 P 2 0 7 
found, g. 

Biff., g. 

0*0545 

-0*0012 

0*1100 

-0*0014 

0*2770 

-0*0015 

0*0541 

-0*0016 

0*1098 

-0*0016 

0*2770 

-0*0015 

0*0551 

-0*0006 

0*1117 

+0*0003 

0*2775 

-0*0010 

0*0556 

-0*0001 

0*1107 

-0*0007 

0*2770 

-0*0015 

0*0556 

-0*0001 

0*1102 

-0*0012 

0*2778 

-0*0007 

0*0551 

-0*0006 

0*1105 

-0*0009 

0*2783 

-0*0002 

0*0550* 

-0*0007* 

0*1105* 

-0*0009* 

0*2774* 

-0*0011* 


Average error, -1-26%. Average error, —0-81%. Average error, —0-39%. 

* Mean. 


Table II. 

N /20-Solution of MgS0 4 ,7H 2 0 used. Single precipitation. 
Amount of solution taken, 


5 c.c. 

Mg 2 P 2 0 7 calc., 0-0284 g. 

Mg 2 P 2 0 7 

found, g. Diff., g. 

0*0293 +0*0009 

0*0297 +0*0013 

0*0286 +0*0002 

0*0284 +0*0000 

0*0283 -0*0001 

0*0281 -0*0003 

0*0287* +0*0003* 

Average error, +1*06%. 


25 c.c. 

Mg 2 P 2 0 7 calc., 0*1420 g. 


M ga P a 0 7 
found, g. 

Biff., g. 

0*1415 

-0*0005 

0*1404 

-0*0016 

0*1408 

-0*0012 

0*1409 

-0*0011 

0*1404 

-0*0016 

0*1406 

-0*0014 

0*1408* 

-0*0012* 


Average error, —0*85%. 
* Mean. 


50 c.c. 

Mg 9 P 8 0 7 (Mile., 0*2839 g. 


Mg 2 P 2 G 7 
found, g. 

Biff., g, 

0*2845 

+ 0*0006 

0*2852 

+ 0*0013 

0*2838 

-0*0001 

0*2848 

+ 0*0009 

0*2850 

+ 0*0011 

0*2848 

+ 0-0009 

0*2850* 

+ 0*0011* 

Average error, +0*39%, 
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Table III. 


JV/20-Solution of MgS0 4 ,7H 2 0 used. Double precipitation. 


Amount of solution taken, 50 o.e. Mg 2 P 2 0 7 calc., 0*2839 g. 


Mg 2 P 2 0 7 found, g. DiS., g. 

0*2841 +0*0002 

0*2843 +0*0004 

0*2843 +0*0004 


Mg 2 P 2 0 7 found, g. Diff., g. 

0*2848 +0*0009 

0*2848 +0*0009 

0*2847 +0*0008 

Mean 0*2845 +0*0000 


Average error, +0*21%. 


Tables II and III show that scarcely any alteration is effected by 
reprecipitation of the double phosphate. 

In order to ascertain whether the conversion into pyrophosphate 
was complete at 480°, 0*2 g. samples of the pyrophosphate obtained 
were heated for \ hour in a platinum crucible by a blast burner ; 
the powder sintered to a hard crumbly mass, but the losses in four 
cases were 1-7, 1*7, 1*3 and 1*4 mg., giving an average of 1*5 mg. 
or 0*75%. 

The method described above proved satisfactory in a long series 
of determinations of magnesium in mineral waters. 

Institute of Hygiene and School of Public Health, 

Zagbeb, Jugoslavia. [ Received , October 25 th, 1929.] 


XXVIII . — The Absorption Spectra of Diphenyl and 
Some Derivatives . 

By Thomas C. C. Adam and Alfred Bussell. 

In connexion with the relations between the constitution of organic 
compounds and their absorption spectra, it was shown (Baly, 
Edwards, and Stewart, J., 1908, 93, 1902) that the seven-banded 
absorption spectrum of benzene can be explained by Collie’s oscil- 
lation theory (J., 1897, 71, 1013) for the structure of the benzene 
molecule on the assumption that each band corresponds to a xnake- 
and-break of valency. The spectrum of naphthalene was discussed 
in a similar manner (Baly and Tuck, J., 1906, 89, 514) and found 
to be in agreement. 

In the course of the following work, the resemblance manifest 
between the spectra of diphenyl and of its derivatives has led to 
a corresponding theory for this hydrocarbon. Since one carbon 
atom of each nucleus is bound, no valency oscillation involving 
only two carbon atoms can take place, nor is an oscillation 
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involving all six carbon atoms possible. Three types of pulsation 


2400 2800 3200 3000 4000 4400 

Oscillation frequencies. 

Diphenyl 

4c~Nitrodiphenyl - * - 

4 -Aminodiphenyl 

4 -Aminodiphmyl hydrochloride 

If the appearance of a band in the spectrum is to indicate a make- 
and-break of valency, then only one of these is possible. The same 
band is shown by the 4-derivatives as by diphenyl itself, an indic- 
ation that the pulsation of the molecule does not include the carbon 
atom in the 4-position; that is, the oscillation of valency is taking 
place as in (II). The spectroscopic evidence thus points to the 
existence of a virtual para bond in the diphenyl molecule making the 
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4-carbon atom the stable member of the ring. The spectra obtained 
for the 2-derivatives bear out the theory in the following respects : 

(1) The 4-carbon atom being partially bound by a virtual bond, 
any electronic disturbance which includes this atom will be small 
compared with the typical disturbance, and the resulting band will 

be absorbed in the typical 
band. 

(2) If the main pulsation is 
suppressed by a 2-substituent, 
then selective absorption will 
be eliminated, except in so far 
as the 4-carbon atom is free to 
oscillate. In practice, 2-nitro- 
diphenyl shows one shallow 
band, and the heavily substi- 
tuted 2 -2 " - dipheny ly ldipheny 1 
shows a band still shallower. 



Experimental. 

The solvent employed was, 
in most cases, spectroscopically 
pure ethyl alcohol. For 4-di- 
phenylyldiphenyl and 4'-nitro- 
4-diphenylyldiphenyl, it was 
necessary to employ redistilled 
A. R. chloroform owing to the 
low solubility in alcohol. 

The spectra were photo- 
graphed with a Hilger Model 
3 all-quartz ultra-violet spectro- 
graph with rotating sector 
attachment. The persistence of 
the band is taken as being the 
difference between the extinc- 
tion coefficients of the head of 
the band and of that frequency, towards the violet end, where 
complete transmission is obtained. 

Diphenyl , m. p. 70-5°. The spectrum shows a deep well-defined 
band with its head at v 4063 (see Fig. 1), in good agreement with 
the measurement of Baly and Tryhorn (J., 1915, 107, 1058), who 
examined the spectrum of a thin film of diphenyl. 

4c-Nitrodiphenyl , m. p. 113°. Substitution of a nitro-group for 
hydrogen has moved the head of the band towards the red to 
v 3259. 


3200 3600 4000 4400 

Oscillation frequencies. 

4k-Fluorodiphenyl 

4-Chlorodiphenyl 

4-Bromodiphenyl 


4800 
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4 -Aminodiphenyl, m. p. 53°. The amino-substituent has the 
effect of broadening the band. The size and mass of the group 
being less than in the previous instance, the band head has not 
been shifted to the same extent, maximum absorption occurring at 
v 3590. 

k-Aminodiphenyl hydrochloride. The reduction of reactivity 
consequent on the formation of the hydrochloride brings about a 
considerable decrease in 

the persistence of the Fm. 3. 


absorption, in this case 
from 224 to 64 units. 
The head of the band 
has also moved back 
towards the ultra-violet 
to v 3720. 

4-j Fluorodiphenyl, m.p. 
74-5°. As might be ex- 
pected, the entry into the 
diphenyl molecule of a 
small light atom such as 
fluorine has no appreci- 
able effect on the absorp- 
tion (see Fig. 2). 

4:-Chlorodiphenyl, m. p. 
75*5°. In this case, the 
greater size and mass of 
the chlorine atom has 
shifted the position of 



maximum absorption to 
v 3979. The band is also 
more persistent, although 
the configuration of the 


Oscillation frequencies. 

4:-Diphenylyldiphenyl 

4:'~Nitro - ^diphenylyldiphenyl 

2-Nitrodiphenyl 

2*2"~Diphenylyldiphenyl 


curve is unaltered. 


4,-Bromodiphenyl , m. p. 89°. Replacement of chlorine by bromine 
has the effect of moving the head of the band to v 3892. 

4-Diphenylyldiphenyl , m. p. 260°. Spectroscopically, at least, 
this compound acts as a heavily substituted diphenyl. The band, 
while retaining the characteristics of the diphenyl band, is shallower 
with a persistence of 172. The head has moved well up towards 
the red, occurring at v 2965. 

4' -NitroA-diphenylyldiphmyl, m. p. 274°. Although no definite 
band is shown, there is evidence of a very shallow band about 
v 3050. 


2-Nitrodiphenyl , m. p. 36°. The feeble valency oscillation per- 




206 


QUDBAT-I-KHUDA : 


toissible in a 2-substituted diphenyl is demonstrated in this case by 
the appearance of a very shallow band at v 3350. 

2-2 " -Diphenylyldiphenyl, m. p. 185°. In conformity with the 
theory, the selective absorption shown by this compound is small, 
a very shallow band with its head at v 3550 being obtained. 

We are grateful to Messrs. Imperial Chemical Industries for a 
grant defraying the cost of the work. 

The Sib Dqnat.d Currie Laboratories, 

The Queen’s University, 

Beltast. {Received, November 18th, 1929.] 


XXIX . — Studies in Keto-lactol Tautomer ism. Part 

IV. Chemistry of 5-Acetyl-l : 1 : 2-trimethylcyclo- 
pentane-2-carboxylic Acid. Observations on the 
Constitutions of the Acid Esters of Camphoric Acid, 
and a Synthesis of Homoepicamphor. 

By Muhammad Qudbat-i-Khuda. 

In extending the study of ring-chain tautomerism of the keto-lactol 
type (I and II) to keto-monoearboxylic acids, it was suggested 
(J., 1929, 205) that the evidence of the existence of the hydroxy- 
phase of such acids would be obtained more readily by an investiga- 
tion of 8-keto-monoearboxylic acids having substituents at the (3- 
and the y-carbon atom. The S-keto-acids derived from the acid 
esters of camphoric acid fulfil this condition and their behaviour 
has been examined. 


RR' 


,CH a -COMe 

-CH(C0 2 H) 2 



RR 


X CH 2 C(OH)Mc 

>0 

CH(C0 2 H)-CO 


(I.) (II.) 

ort/jo-Methyl hydrogen eamphorate (III) and aKo-methyl hydrogen 
camphorate (IV), m. p. 77° and 86° respectively, when converted 


CH 2 -9H-CG 2 Me 
(HI.) OMe 2 

CH 2 -CMe'C0 2 H 
CH 2 -CH-C0 2 Me 
(V.) <W 

CH 2 -CMe-COMe 


ch 2 -9h-co 2 h 

CMe 2 (IV.) 

CH a -CMe-C0 2 Me 
CH 2 -OH-COMe 

CMe a (VI.) 

CH a 'CMe-CO a Me 


into their acid chlorides and acted on by zinc methyl iodide under 
parallel conditions, gave, not methyl 2-acetyl-l : 1 : 2-trimethyl- 
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c?/cZopentane-5-carboxylate (V, from III) and methyl 5-acetyl- 
1:1: 2 -trimethylcg/cZopentane -2 - carboxylate (VI, from IV), but 
only one keto-ester; the semicarbazones obtained from specimens 
prepared from both sources melted, separately or mixed, at the same 
temperature. 

The fact that only one keto-ester was obtained from the isomeric 
acid esters suggested that these were structurally identical and 
differed only in the spatial arrangement of the groups : this view 
was supported by the results obtained on brominating the acid 
chlorides produced from the two acid esters. Both chlorides 
absorbed bromine with almost equal ease and the products isolated 
after the reaction mixture had been poured into methyl alcohol 
were methyl camphanate (IX), co -bromocamphoric anhydride (X), 
and small quantities of the bromo-ester (VIII) and camphanic acid. 
These facts, particularly the production of the bromo-ester (VIII), 
suggest that the alio- and the ortho - acid ester both have the carboxyl 
group attached to a tertiary carbon atom and that the bromination 
proceeds in the normal way ; the intermediate product ultimately 
loses methyl bromide and methyl chloride, giving the ester of 
camphanic acid and bromo- camphoric anhydride : 


9H 2 -CH-C0C1 Bra CH 2 -9Br-COCl M#0H 9H 2 -9Br-C0 2 Me 
hma . L Ama' v 


jJMe. 

CH 2 -CMe-C0 2 Me 
(VH.) 




cm 

H 2 -CMe*C0 2 Me 


CMe_ 
!Ho*CMe-C0 2 Me 


2 X1 

(VIII.) 


?H a -9(C0Cl)-0 Me0H 9H 2 -9(C0 2 Me)-0 9H 2 -CBr-CO, 


yMe 2 


CBL-CMe CO 


OH, 


!Me a 
!Me — 
(IX.) 


-co 


r>r> 

CH 9 *0Me*C0^ 


(xo 


The structural identity of the two acid esters is rendered very 
probable by the fact that, when the orZfo-acid ester (m. p, 77°) is 
converted into the acid chloride by heating with thionyl chloride 
and then treated with water, the product obtained melts at the 
same temperature as aZZo-methyl hydrogen camphorate ; its crystal- 
line structure is identical with that of the latter and there is no 
depression of the melting point of a mixture of the two compounds. 

In view of these facts the work of Walker and his collaborators 
(Walker, J., 1893, 63, 495 ; Walker and Henderson, J., 1895, 67, 
337 ; Walker and Cormack, J., 1900, 77, 374), Noyes and Blanchard 
(Amer. Chem. J., 1901, 26, 285), and Haller and Blanc ( Compt . 
rend.) 1905, 141, 697) requires revision, which is being undertaken. 

Camphoraldehydic acid (XI) (Bredt, J. pr. Chem., 1917, 95, 63), 
when heated with acetic anhydride, gives an acetoxy-derivative 
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(XIII), the reaction taking place with the isomeric hydroxy-lactonic 
form (XII) of the aldehydic acid. 


ch 2 -9h-co 2 h 

j (pMe 2 
CH 2 -CMe-CHO 

(XI.) 


ih 2 -ch-co 

yMe 2 )>0 
!H 2 -CMe*CH-OH 
“(XII.) 


OHa-OH-CO 
“9Me 2 )>0 
CH 2 *CMe*CB> 0 Ac 
(XIII.) 


The keto-acid (XIV) shows similar properties. 

The ester (VI) on treatment with alcoholic potassium hydroxide 
gave a mixture of two solids, viz., the keto-acid (XIV) and a diketo- 
compound (XVII), and a liquid substance, which was apparently 
the hydroxy-lactonic form (XVIII) of the keto-acid (XIV). The 
same keto-acid appears to have been obtained by Winzer (Annalen, 
1890, 257, 298) from the product of hydrolysis of camphorylmalonic 
ester (XV). On treatment with semicarbazide acetate, the acid 
(XIV) gave a crystalline semicarbazone having the properties of the 
normal compound (XVI), whereas the liquid acid (XVIII) gave an 


9H 2 -CH-COMe 
(XIV.) 9Me 2 

CH 2 -CMe*C0 2 H 


9H 2 -9H— c:c(co 2 Et) 2 

I 9Me 2 )>0 (XV.) 

CH 2 -CMe-CO 


(XVI.) 


QH 2 ‘9H— £Me 

N-NH-C0-NH 2 

! Me 2 

C)H a *6Me-C0 2 H 


pH 2 -9H“90 


,-CMe- 


?H 2 (XVII.) 


isomeric substance , of indefinite crystalline, structure and very 
soluble in alcohol (compare the addition compound of Balbiano’s 
acid and phenylhydrazine ; Mahla and Tiemann, JBer., 1895, 28, 
2151), probably to be represented by the formula (XIX) : 


)H 2 «9H CMe-OH 

9Me 2 >0 
5H 2 -CMe — CO 
(XVIII.) 


0H 2 -CH — CMe-NH-NH-CO-NH 2 

I K >o 

CH 2 -CMe — CO 

(XIX.) 


When the keto-acid (XIV) or the hydroxy-lactone (XVIII) was 
treated with acetyl chloride, very little neutral product was obtained ; 
the material was recovered in a hydrated form (XX), which was 
converted into the keto-acid (XIV) on drying. Both the keto- 
acid and the hydroxy-lactone, however, when treated with acetic 
anhydride, were converted into the same unsaturated lactone (XXI), 
which still exhibited optical activity although one of the two asym- 
metric carbon atoms had lost its asymmetry. 

9H 2 -9H*C(OH) 2 Me 9H 2 *9=:CMe 

(XX.) 9Me 2 9Me 2 )>0 (XXI,) 

CH 2 *CMe*C0 2 H CTf 2 -(W~CO 
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The keto-acid (XIX), on reduction with sodium and alcohol, 
(XXII) : the introduction of the third asym- 
the direction of rotation from dextro 


gave methylcampholide 
metric carbon atom changed 
to lsevo. 

9H 2 «9H CHMe 

(XXII.) | 9Me 2 )>0 
CH 2 *CMe — CO 


CH 2 -OH — CO 

GMe 2 9H 2 (XXIII.) 
CHo-CMe — CH 2 


The keto-ester (VI), when heated with alcoholic sodium ethoxide, 
was converted into the diketo-compound (XVII), which, as already 
mentioned, was also obtained in small quantity by hydrolysis of the 
ester. The reduction of the diketo-compound by Clemmensen’s 
method gave a waxy mass, with a strong camphoraceous odour, 
consisting of a ketone and a second substance. The ketone, pro- 
duced in very small quantity, forms a semicarbazone> m. p. 220°, 
isomeric with the semicarbazone of homocamphor (XXIV), m. p, 
250° (Lapworth and Royle, J., 1920, 117, 743), and is provisionally 
regarded as homoepicamphor (XXIII). The second substance is 
probably the keto-alcohol (XXV) ; it could not be obtained suffi- 
ciently pure for analysis. 

9H 2 *9H 9H 2 

(XXIV.) 9Me 2 9H 2 

CH 2 *CMe — CO 


9 h 2 -9 h — 90 

QM.e 2 9H 2 (XXV.) 
OH 2 -CMe — CH-OH 


Experiments are now in progress on the action of potassium 
cyanide on the lactone (XXII) ; it is also hoped to prepare the 
ketone (XXIII) and the keto-alcohol (XXV) in quantity in order to 
settle their constitutions. 


Experimental. 

orZ/jo-Methyl hydrogen camphorate was prepared by Walker’s 
method (foe. cit.). After crystallising twice from light petroleum 
(b. p. 40—60°), it melted at 77° and had [ajg* + 63-94° in 2-95% 
alcoholic solution. * 

alio- Methyl hydrogen camphorate was obtained by Walker’s 
method (foe. cit.) by the partial hydrolysis of methyl camphorate, 
prepared by a method based on the one used by Erankland and 
Aston (J., 1901, 79, 517) for the esterification of tartaric acid and 
also by the method recommended by Haller and Blanc (foe. cit.). 
After crystallising twice from petroleum (b. p. 60 — 80°), the aZfo-ester 
melted at 86° and had [oc]$ # + 45-1° in 4*3% alcoholic solution. 

Bromination of the Chloride of the all o-Ester. — The acid ester 
(42 g.) was mixed with phosphorus pentachloride (41 g.). When 
the vigour of the reaction had abated, the mixture was heated at 
75 — 80° for an hour, 12 c.c. of dry bromine were gradually added, and 
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the heating was continued for 4 — 5 hours. The excess of bromine 
was then evaporated and the reaction mixture was poured into 
methyl alcohol (150 c.c.) and heated on the steam-bath for some 
time. After most of the alcohol had evaporated, the residue was 
poured into water and shaken with ether. The extract was washed 
with sodium carbonate solution and dried, and the solvent removed. 
The residue, consisting of crystalline material mixed with a little 
oil (A), was triturated with petroleum. The solid then remaining 
was partly soluble in hot petroleum (b. p. 60 — 80°); on cooling, 
the solution deposited methyl camphanate, m. p. 110° after re- 
crystallisation (Pound : C, 62-1 ; H, 7*5. Calc, for C 13L H 16 0 4 : 
C, 62*3; H, 7*5%), hydrolysis of which gave camphanic acid, 
in. p. 201° (compare Bredt, Annalen , 1913, 395, 39). The portion 
of the solid insoluble in hot petroleum crystallised well from chloro- 
form, melted at 215° (Pound : Br, 30-8. Calc, for C-^H-^OgBr : 
Br, 30*7%), and had all the properties of Wreden’s bromocamphoric 
anhydride {Annalen, 1872, 163 , 332). 

The oil (A) was recovered from the petroleum solution and distilled 
in a vacuum : a little methyl camphorate came over and then 
methyl bromocamphorate distilled at 162 — 164°/12 mm. with slight 
decomposition. The yield was very small and the bromo-ester 
was not pure (Pound : Br, 25*0. C M H 19 0 4 Br requires Br, 26-0%). 

The above sodium carbonate extract on acidification gave an oil 
which, when hydrolysed with caustic soda, yielded camphoric acid 
and a small quantity of camphanic acid. 

The products obtained in a similar way from ortho-methyl 
hydrogen camphorate were essentially of the same nature as the 
above. 

Conversion of ortho- into alio -Methyl Hydrogen Camphorate . — The 
orZAo-ester (7 g.) was treated with thionyl chloride (4 c.c.) at 70 — 75° 
for an hour, the excess of thionyl chloride then removed under re- 
duced pressure, and the residue diluted with dry benzene (50 c.c.) 
and* decomposed with water. The acid was extracted with dilute 
sodium carbonate solution, precipitated by acidification with hydro- 
chloric acid, and extracted with ether. After drying and removal 
of the ether, the oily residue obtained partly solidified on cooling. 
The solid was separated from the oily impurities by trituration 
with petroleum and crystallised from the same solvent; it then 
melted at 86° (Pound: C, 61-5; H, 8-6. Calc, for C n H 18 0 4 : 
0,61-7; H, 8*4%). 

The uZZo-ester, when similarly treated, was recovered unchanged. 

Methyl 5- Acetyl- 1 : 1 : 24rimethyhjQlopentane-2-carboxylate (VI) . — 
or^o-Methyl hydrogen camphorate was mixed with thionyl chloride 
(15 c.c,) and the acid chloride obtained after the removal of the 
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excess of tliionyl chloride as stated above was cooled, diluted with 
an equal volume of dry benzene, and added to a cold solution of 
zinc methyl iodide prepared from methyl iodide (35 c.c.), ethyl 
acetate (18 c.c.), and zinc-copper couple (35 g.) in benzene solution 
in the usual way. The keto-ester was isolated by treatment of the 
solution with water and dilute sulphuric acid and subsequent re- 
moval of the solvent and treated with a slight excess of semicarbazide 
acetate in aqueous-alcoholic solution. The semicarbazone , after 
crystallising several times from alcohol, melted at 198° (Found: 
C, 58*0; H, 8*8, CigH^OgNg requires 0, 58*0 ; H, 8*6%). When 
it (36 g.) was heated with 50 c.c. of concentrated hydrochloric acid 
and 150 c.c. of water on the steam-bath for 2\ hours, the ester 
separated as an oil. After cooling, this was taken up in ether, 
washed with dilute caustic soda solution, dried, and distilled in a 
vacuum, the keto-ester being obtained as a mobile colourless liquid 
with a characteristic odour, b. p. 135°/11 mm., 6$** 1*04555, rift' 7 ' 
1*4733 (whence [M L ]v = 56*91. Calc., 57*08), [«]if + 21-3° in 
2*2% alcoholic solution (Found : 67*9 *, H, 9*6. C^HgoOg requires 
C, 67*9; H, 9*4%). 

The same semicarbazone was obtained from the keto-ester pro- 
duced from allo-me thyl hydrogen camphorate by a similar series of 
reactions. 

Hydrolysis of the Keto-ester (VI). Preparation of the Keto-acid 
(XIV) and the Hydroxy -lactone (XVIII). — The keto-ester (14 g., 
purified through the semicarbazone) was heated with aqueous- 
alcoholic potassium hydroxide (16 g.) on the steam-bath for 18 — 
20 hours, the alcohol evaporated, the residue diluted with water 
and extracted with ether to remove any unchanged ester, and the 
alkaline solution acidified with hydrochloric acid. After a day or 
two, the oil that had separated partly solidified. The solid was 
drained on porous plate and crystallised from petroleum (b. p. 
60 — 80°). Feathery needles of the diketo-compound (XVII) de- 
scribed below separated first, and then the keto-acid (XIV) in well- 
formed rhombic plates, m. p. 96° after two recrystallisations (Found : 
C, 66*7; H, 9*3; M , by titration, 197. C 11 H 18 0 3 requires C, 
.66*7; H, 9*1%; M, 198). 

6- Acetyl- 1 : 1 : 2-trimethylcyGlopentane-2-carboxylic acid is very 
soluble in the ordinary organic solvents except light petroleum. 
It has (a]f ^ + 99*1° in about 2*3% solution in chloroform. 
The semicarbazone (XVI), crystallised from methyl alcohol, melts 
at 225° (Found : C, 56*8; H, 8*5. C 12 H 21 O s N 3 requires C, 56>5 ; 
H, 8*2%). 

The oil absorbed in the porous plate (above) was extracted with 
ether, dried, and distilled in a vacuum ; the somewhat viscous mass 
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obtained, b. p. 186 — 187°/14 mm., showed no tendency to solidify 
(Found: C, 66*8; H, 9-1%). The oil was slowly attacked by 
dilute sodium bicarbonate solution. After treatment with semi- 
carbazide acetate in dilute methyl alcohol, it gave on dilution a 
gummy mass which gradually solidified : by slow evaporation of 
a solution of the solid in hot dilute methyl alcohol, a substance of 
indefinite crystalline structure was obtained. This was dried in 
the air, washed with benzene to remove a small quantity of colouring 
matter, and dried over sulphuric acid in a vacuum desiccator; if- 
then melted at 172° and decomposed at a higher temperature. The 
substance ( ? XIX) is isomeric with the semicarbazone (XVI) 
(Found : 0, 56*8 ; H, 8*3%). It dissolves slowly in dilute sodium 
hydroxide solution and is recovered on acidification. 

Behaviour of the Keto-acid (XIV) and the Hydroxy -lactone (XV.III) 
towards Acetyl Chloride. — Either of the acids (3 g.) w r as heated with 
excess of acetyl chloride (8 c.c.) on the steam-bath for a few hours, 
the acetyl chloride then evaporated, and the residue treated 'with 
water; the oil produced was dissolved in ether and shaken with 
dilute sodium carbonate solution. The neutral product gave only 
a trace of the unsaturated lactone described below. The alkaline 
extract on acidification gave an acid, which crystallised from hot 
water in shimmering plates, m. p. 73° ; after being dried in the air 
for a day, it was analysed (Found: C, 60*9; H, 9*5; M , by 
titration, 215*5. C n H 20 O 4 requires C, 61*1; H, 9*3%; M, 216). 
The acid is the hydrated form (XX) of the keto-acid (XIV) and is 
converted into this acid on being dried in a desiccator. 

Action of Acetic Anhydride on the Keto-acid (XIV) and the Hydroxy - 
lactone (XVIII). — Either compound (5 g.) was refluxed with acetic 
anhydride (5 c.c.) for 2 hours, and the product distilled; the un- 
saturated lactone (XXI) passed over at 136°/22 mm. and solidified 
in the receiver. The lactone, m. p. 62°, + 77*7° in a 3*3% 

solution in chloroform (Found : C, 73*1 ; H, 8*9. C 11 H 1(} 0 2 
requires C, 73*3; H, 8*8%), is extremely soluble in almost all 
organic solvents. It absorbs bromine very readily in chloroform 
solution, 

Methylcampholide (XXII). — To a boiling solution of the keto- 
acid (XIV) (4*5 g.) in absolute alcohol (20 c.c.), sodium (5 g.) was 
added, followed by 75 c.c, of alcohol in three instalments during 
2 hours 5 additional heating. The alcohol was evaporated on the 
steam-bath, and the residue diluted with water and acidified with 
concentrated hydrochloric acid. The oil obtained crystallised after 
the usual treatment with ether and dilute sodium carbonate solution, 
Methylcampholide, recrystallised from petroleum (b. p. 60 — 80°), 
melted at 100—101° (Found: C, 72*3; H, 9*9. C n H 18 0 2 re- 
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quires C, 72-5; H, 9*8%) and had [oc]g° — 44*8° in about 2*02% 
solution in chloroform. 

1:8: 8 - Trimethylbicyclo[I : 2 : 3]octane-2 : 4--dione (XVII). — The 
keto-ester (VI) (21 g.) was heated with alcoholic sodium ethoxide 
(sodium, 2*5 g. ; alcohol, 55 c.c.) for 48 hours, the alcohol evaporated, 
and the residue diluted, extracted with ether, and acidified with 
concentrated hydrochloric acid. The oil obtained, which solidified, 
was dried and crystallised from petroleum, separating in slender 
short needles, m. p. 220° to a red liquid (Found : C, 73*2 ; H, 9*1. 
CiiH 16 0 2 requires C, 73*3; H, 8*8%). The di&efo-compound was 
optically inactive, dissolved in dilute alkali solutions, gave a brown 
coloration with alcoholic ferric chloride, and absorbed bromine in 
chloroform with evolution of hydrogen bromide. 

Homoepicamphor (XXIII) and the Keto-alcohol (XXV). — The 
compound (XVII) (5 g.) k was heated under reflux with amalgamated 
zinc (25 g.), concentrated hydrochloric acid (100 c.c.), and water 
(50 c.c.) ; the reduction product partly distilled into the condenser. 
After cooling, the product was extracted with ether, the unchanged 
diketo-compound removed by dilute alkali solution, the ethereal 
solution dried, and the solvent removed. The residue was treated 
with semicarbazide acetate in methyl-alcoholic solution, and the 
mixture diluted with water and shaken with light petroleum. The 
residual semicarbazone , after crystallising from dilute methyl alcohol, 
melted at 220° (Found: C, 64*5; H, 9*8. C 12 H 21 ON 3 requires 
C, 64*5; H, 9*4%). The quantity of it was very small and the 
ketone could not be regenerated. The petroleum solution gave a 
small quantity of a semi-solid substance which was probably the 
keto-alcohol (XXV), 

The author wishes to express his grateful thanks to Professor 
J. F. Thorpe, C.B.E., F.R.S., for his interest in this work and for 
his many valuable suggestions, and to the Government of Bengal, 
India, for a foreign scholarship and a grant towards the purchase 
of chemicals. 

Imperial College op Science and Technology, 

London, S.W.7. [J Received, May 30 th f 1929,] 


XXX , — The cis-trans Ethenoid Transformation . 

By George Roger Clemo and Stanley Brown Graham, 

The mechanism of the stereoisomeric transformation of ethylenic 
compounds has received considerable attention but remains far 
from clear. Several early workers noted that maleic acid and its 
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esters were converted into the fumaric form by minerals acids, and 
Tanatar (J. Russ . PTiys. Chem. Soc ., 1911, 43, 1742) and Pfeiffer 
(jBer., 1914, 47, 1592) describe the change of maleic to fumaric acid 
by means of ammonia and pyridine respectively. Recently, Meer- 
wein and Weber (Ber., 1925, 58, 1266) have stated that potassium 
in ether converts methyl maleate into methyl fumarate. 

As methyl fumarate is a highly crystalline solid with a solubility 
of about 1% in methyl maleate at the ordinary temperature, the 
conversion of the latter into the former furnishes a convenient 
method for studying this reaction. 

Apparently, the catalytic action of ammonia and organic bases has 
not been investigated in this connexion, but it has now been found 
that the former, and primary and secondary amines, effect the 
change. For instance, a trace of piperidine transforms methyl 
maleate in a few seconds into a crystalline mass of the fumarate, and 
since the former has much the greater energy content, the temper- 
ature rises very considerably. Dimethylamine, diethylamine, 
piperazine, methylamine, allylamine, benzylamine, d- andZ-a-phenyl- 
ethylamine, (3-phenylethylamine, coniine, and aniline also effect the 
change, although some of them do not bring about a complete trans- 
formation. Tertiary amines such as triethylamine, dimethylaniline, 
diethylaniline, and pyridine, however, do not catalyse the inversion, 
although triethylamine is a much stronger base than many of the 
above primary and secondary ones. At first it seemed that triethyl- 
amine was an exception to the rule, as the base supplied by Kahl- 
baum effected some change ; but after it had been freed from primary 
and secondary impurities by treatment with toluene -p- sulphonyl 
chloride (Clemo and Perkin, J., 1921, 119, 648), it caused no con- 
version after a year at the ordinary temperature. 

The mechanism usually favoured for the ethenoid inversion is that 
the catalyst adds itself in some way to the double bond, thus allowing 
free rotation with formation of the trans-form and regeneration of 
the catalyst. Even if it is assumed that a newly formed moleculo 
may have enhanced activity, there still appears to be no adequate 
reason why some of the additive complexes should not reach a 
stable maturity. 

Our experiments have shown that organic bases are only effective 
as catalysts when they contain amino- or imino-hydrogen, and this 
suggested the following mechanism for the inversion, in which the 
first stage is the formation of a co-ordinate link between the hydrogen 
atom of the base and the carbonyl oxygens of the ester. This w r ould 
produce a mobility in the, at present, uncertain electronic system 
constituting the double bond, and lead to a very unstable complex 
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in which both the ethylenic carbon atoms would become positive and 
surrounded by only seven electrons. 



The well-known catalytic action of primary and secondary bases 
in the Knoevenagel reaction ( Annalen , 1894, 281, 25) may be ex- 
plained as being due to the formation of two ionised systems such as 

+ H H+ 

vfVS 

BtRoCG— *HX and CHyC 0 C*OEt which would condense to 

^ IK HI 

XH— 0* VO— HX 

give the reaction products, 

Walden ( Z . physical Chem 1896, 20, 379) states that methyl 
maleate can be made from either maleic acid or anhydride, but no 
details are given, and recent workers have used the silver salt-methyl 
iodide method of preparation. It has now been found that methyl 
maleate can be easily prepared in good yield from maleic anhydride, 
methyl alcohol, and sulphuric acid. 


Experimental. 

Methyl Maleate , — Maleic anhydride (60 g.) was added to methyl 
alcohol (100 c.c.) and concentrated sulphuric acid (4 c.c.), and the 
mixture refluxed for 3£ hours on the water-bath. The bulk of tho 
excess of alcohol was then distilled off and water added, followed by 
solid sodium carbonate to neutralise tho sulphuric acid. Tho ester, 
when extracted with ether, dried over sodium sulphate, and 
fractionated, gave (a) 6 g., b. p. 200 — 204°, (b) 65 g., b. p. 204 — 206°, 
and (c) 1 — 2 g., b. p. above 206°, Fraction (a) alone contained traces 
of methyl fumarate, as shown by the silver nitrate test after 
hydrolysis with baryta [Found for (b) : 0, 49*7 ; H, 5*4. Calc, for 
C 6 H 8 0 4 : C, 50*0; H, 5*55%]. 

The methyl fumarate formed by the inversion of the above was 
identified by the method of mixed m. p. with an authentic specimen. 

University of Durham, Armstrong College, 

Newcastle-upon-Tyne. [deceived; November 2nd, 1929.] 
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XXXI . — The Methylation of the Oximes of Benzil. 
Part II. The Monomethyl Ethers of the Benzildi- 
oximes* 

By Oscar L. Brady and Morris Marcus Muers. 

The preparation of the monomethyl ethers of the benzildioxim.es 
was undertaken with a view to the study of their metallic complexes, 
which will be described in a subsequent paper. In addition it was 
hoped that it might be possible to prepare, through these compounds, 
the hitherto unknown dimethyl ethers of y - b enzildioxime and the 
^^-dimethyl-p-benzildioxime (Brady and Perry, J., 1925, 127 , 2871). 

O-Methyl- a- benzilmonoxime (I) on oximation gives a mixture of 
0 -monomethyl- <x-benzildioxime (II) and a'-0 -monomethyl-y-benzil- 
dioxime (III). (The symbols a' and p' are used to indicate the 
oximino-group methylated in the y- dioxime, a' being applied when 
the methylated hydroxyl group is vicinal and p' when it is remote 
from the phenyl group.) 

a-Benzildioxime (IV) on monomethylation gives a mixture of the 
former compound (II) and -monomethyl- ct-benzildioxime (V). 
O-Monomethyl- a-benzildioxime (II) on further methylation yields 
OO-dimethyl-q-benzildioxime (VI) and 01V dimethyl- a-benzil- 
dioxime (VII). a'-Monomethyl-y-benzildioxime (III) on further 
methylation gives OO-dimethyl- a-benzildioxime (VI) and OO-di- 
methyl-y-benzildioxime (VIII), and V-monomethyl- a-benzildioxime 
(V) yields OiVdimethyl- a-benzildioxime (VII) and W-dimethyl- 
q-benzildioxime (IX). 

The dimethyl ethers of a-benzildioxime, described in Part I 
(Brady and Perry, loo. tit.), establish the configuration of the mono- 
methyl ethers from which they can be prepared. 0- and V- Ethers 
were distinguished by heating with hydriodic acid, methyl iodide 
and methylamine, respectively, being obtained. The configuration 
of a'-O-monomethyl-y-benzildioxime will be discussed later. 

O-Monomethyl-a-benzildioxime (II) was converted by boiling 
with aniline for 30 seconds into a'-O-monomethyl-y-benzildioxime 
(III), the change being analogous to that of a-benzildioxime to 
fi-benzildioxime under similar conditions (J., 1925, 127 , 2880); in 
the present case, however, brief treatment caused isomerisation of 
the unmethylated group only; more prolonged boiling with aniline 
or with hydrogen chloride in glacial acetic acid resulted in iso- 
merisation of the methylated group also, giving O-monomethyl- 
(3-benzildioxime (XII). 

* The new configurations of Meisenheimer ( Ber ., 1921, 54, 3206) are used 
throughout this paper. 
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0-Methyl- p-benzilmonoxime (XI) does not react readily with 
hydroxylamine, it being necessary to heat it to 175 — 185° with 
hydroxylamine hydrochloride in alcohol; O-monomethyl- fi-benzil- 
dioxime (XII) is then formed exclusively. If any of the p'-O-mono- 
methyl-y-benzildioxime (XVI) were formed, it would certainly 
undergo isomeric change under these conditions. The dichloride 
PhC(:NOMe)-CCl 2 Ph, which might react more readily, could not 
be prepared, since phosphorus pentachloride was without action on 
O-methyl- p-benzibnonoxime. 

The monomethylation of p-benzildioxime (X) leads to the form- 
ation of O-monomethyl- p-benzildioxime (XII) and ‘N-monomethyl- 
fi-benzildioxime (XIII). O-Monomethyl- p-benzildioxime on further 
methylation gave ON- and OO-dimethyl-p-benzildioxime (XIV and 
XV), and W-monomethyl- p-benzildioxime gave O-methyl- p-benzil- 
monoxime (XI), formed probably by the hydrolysis of OA-dimethyl- 
P-benzildioxime. 

From the monomethylation of y-benzildioxime (XXII), only 
N -monomethyl- p-benzildioxime (XIII) could be isolated, isomeric 
change occurring. From the other liquid products of the reaction, 
no O- or V-monomethyl-y-benzildioximes could be isolated. 

When jV-monomethyl-a-benzildioxime was boiled with aniline, 
the V-methyloximino-group was eliminated and replaced by the 
anil group, but if dimethylaniline was used, isomerisation occurred 
and N -monomethyl- p-benzildioxime was formed : this is the first 
example of such isomerisation of an iV- ether. 

The results so far described are summarised in the diagram. 

Unlike the OO-dimethyl ethers, the O-monomethyl ethers under- 
go the Beckmann rearrangement. O-Monomethyl-a-benzildioxime 
gives "N-benzoyl-O-methylbenzamidoxime (XVII) at 0° and 3 : 5-di- 
phenyl-1 : 2 : 4-oxadiazole (XVIII) at room temperature, methyl 
alcohol being eliminated in the latter case. 


ph fi - 

MeON 


-fiEh. MeON HO-fJPh 

NOH PhC N 


MeON 

1 PhONH-COPh (XVII.) 


4 . 

CPIi-N 


(xvm.) 


At room temperature, either the phosphorus pentachloride causes 
the isomerisation of the methylated oximino-group or trans - ring 
formation must take place ; in the latter case, the usual explanation 
of salt formation between the two groups seems inadmissible, 
MeO’NH-O-fjPh 
PhC— N 9 
properties. 


since O-methyl ethers are destitute of basic 
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0-Monomethyl- p-benzildioxime in the Beckmann rearrangement 
gives $-0-methylphenylglyoxylanilideoxime (XIX), which has been 
synthesised by the methylation of phenylglyoxylanilideoxime 
(XX), whose orientation is known by its conversion into oxanilide 
in the Beckmann rearrangement. 


PhC flPh P01 PhfJ CONHPh 

NOMe HON — > NOMe 


(XIX.) 


OC—90 < Php CO-NHPh 

PhHN NHPh P0I « NOH 


(XX.) 


a' - 0-Monomethyl- y- benzildioxime undergoes the Beckmann re- 
arrangement with the formation of a-O-methylphenylglyoxylanilide- 
oxime (XXI), 


PhC CPh 

11 n 

MeON HON 


Phq— 90 
MeON NHPh 


(XXI.) 


It has not been possible to synthesise this compound, but the pro- 
duction of aniline by hydrolysis fixes the relative positions of 
hydroxyl and phenyl in the oximino-group and the formation of 
(3-0-methylphenylglyoxylaniMeoxime (XIX) from 0-monomethyI- 
P-benzildioxime eliminates the possibility of the methoxyl group 
being on the opposite side of the nitrogen atom in a'-O-monomethyl- 
y-benzildioxime. Moreover, (3-0-methylphenylglyoxylanilideoxime 
(XIX) is readily converted by boiling concentrated hydrochloric 
acid (a reagent which commonly causes isomerisation of an NOMe 
group) into the a-isomeride (XXI). 


Experimental. 

0-Methyl-K-benzilmonoxime. — a-Benzilmonoxime was prepared 
by a modification of the method of Auwers and Meyer (Ber., 1889, 
22, 540). A suspension of benzil (200 g.) in alcohol (700 c.c.), 
obtained by rapid cooling of the boiling solution, was cooled to 10° 
and treated below 15° with alternate small quantities of sodium 
hydroxide (100 g. in 100 c.c. of water) and hydroxylamine hydro- 
chloride (66 g. in 100 c.c. of water). After being kept for 24 hours 
at room temperature, the mixture was diluted to 4 litres, a small 
quantity of benzil removed, and the oxime precipitated with con- 
centrated hydrochloric acid or saturated ammonium chloride 
solution. The washed and dried precipitate was crystallised from 
benzene, which gave a much better separation of the a- and p-benzil- 
monoximes than the 30% alcohol used by Auwers and Meyer. 
Yield, 70%. The oxime was converted into 0-methyl- a-benzil- 
monoxime by the method of Brady and Perry {loo. tit.). 
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Qximation of O-Methyl- x-benzilmonoxime. — Finely divided 
O-methyl- a-ben^ilmonoxime (20 g.) was suspended in alcohol 
(60 c.c.) and sodium hydroxide (8 g.) and hydroxylamine hydro- 
chloride (7 g.), each dissolved in 8 c.c. of water, were added in small 
portions. The mixture became hot and the O-methyl- a-benzil- 
monoxime dissolved to give a dark yellow solution. After 2 hours, 
small crystals filled the liquid, and on the next day these were 
collected and washed with a little alcohol (A). The filtrate when 
diluted to 200 c.c. gave a crystalline precipitate (B) and saturation 
of the mother-liquor with carbon dioxide gave a further precipitate 

(C). 

The precipitate A, consisting of a sparingly soluble sodium salt, 
was dissolved in hot 22V'-sodium hydroxide, some unchanged 
O-methyl-a-benzilmonoxime removed, and the solution cooled and 
saturated with carbon dioxide; the precipitate, after crystallising 
three times from acetone, gave O -monomethyl-K-benzildioxime (II) 
in flat needles, m. p. 181 — 182° (Found: N, 114; OMe, 9*2. 
Ci 5 H I4 0 2 N 2 requires N, 11*0 ; OMe, 12*2%). Bow methoxyl 
values are usual with compounds of this type (compare Brady and 
Perry, loo . tit.). 

When the above compound was boiled for 15 minutes with acetic 
anhydride, the mixture treated with water, and the product crystal- 
lised from alcohol, aceiyl-O-monomethyl-oL-benzildioxime was obtained 
in small plates, m. p. 107 — 108° (Found: 1ST, 9*5. C 17 B 16 03 N 2 
requires N, 94%). Benzoyl-O-monomethyl-u-benzildioxime, pre- 
pared by the Schotten-Baumann reaction, crystallised from glacial 
acetic acid in needles, m. p. 167° (Found : N, 7-8. C 22 H 18 0 3 N 2 
requires N, 7-7%). 

Fractions B and C when crystallised from various solvents gave a 
product, m. p. 157 — 160°, which was seen under the microscope to 
consist of approximately equal quantities of flat needles and small 
octahedra. When the mixture was dissolved in hot 2^- sodium 
hydroxide, and the solution cooled* the sodium salt of most of the 
O-monomethyl- a-benzildioxime separated; the mother-liquor, on 
saturation with carbon dioxide, gave a pasty solid which soon set 
to a brittle mass. Two crystallisations of this from glacial acetic 
acid gave a product, m. p. 165 — 167° : in later preparations, the 
separation was greatly assisted by seeding the acetic acid solution 
with these crystals and filtering the liquid before crystallisation 
was complete, whereby the bulk of the new compound was removed 
before the O-monomethyl-a-benzildioxime separated. Further 
crystallisation from acetic acid did not increase the purity of the 
product^ as this treatment brought about partial conversion into a 
third isomeride, but crystallisation from chloroform and light 
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petroleum gave a'-O-monomethyl-y-benzildioxime (HI) in small 
octahedra, m. p. 172° (Found : HT, 10*9 ; OMe, 9*6%). 

Aceiyl-oL-O-moncmeiliyl-y-benzildioxime crystallised from alcohol 
in needles, m. p. 80° (Found : N, 9*6%), and benzoyl*^ -Q^nono- 
methyl-y-benzildioxime from glacial acetic acid in prisms, m. p. 79° 
(Found : N, 7-9%). Both compounds were prepared by the 
methods described above. 

In the above oximation the final yields averaged 40 — 50% of the 
a- and 7 — 10% of the y-benzildioxime derivative with about 25% 
of inseparable mixture. Many unsuccessful attempts were made to 
obtain larger yields of a'-O-monomethyl-y-benzildioxime: oximation 
in hot solution with free hydroxylamine gave but a small yield of 
the mixture ; in hot acid solution, or with hydroxylamine hydro- 
chloride alone in alcohol, much of the product was converted into 
O-monomethyl- (3-benzildioxime ; in alkaline solution as above but 
at a higher temperature, much hydroxylamine was destroyed and a 
poor yield of the mixture obtained. 

Oxiynation of O-Methyl-fi-benzilmonoxime. — O-Methyl- p-benzil- 
monoxime, prepared by boiling O-methyl-a-benzilmonoxime with 
concentrated hydrochloric acid (Brady and Perry, loo. cit .), is un- 
affected by treatment with hydroxylamine in acid, alkaline, or 
neutral solution even at 100°. When, however, the compound 
(5 g.) was heated under pressure with hydroxylamine hydrochloride 
(1-8 g.) in alcohol (25 c.c.) at 175 — 185° for 10 hours, and the solution 
cooled, a solid separated on scratching which, after crystallising 
three times from glacial acetic acid, gave Q-monomethyl-$~benzil- 
dioxime (XII) in stout prisms, m. p. 177° (Found : N, 11-1 ; OMe, 
10*9%). 

Mixtures of any two of the isomeric monomethylbenzildioximes 
obtained melted between 130° and 150°. 

Acetyl-O-monomethyl-fi-benzildioxime crystallised from alcohol in 
prisms, m. p. 81° (Found : N, 9*5%), and bcnzoyl-O-monomethyl - 
^benzildioxime from glacial ac otic acid in prisms, m. p. 162° (Found : 
N, 7*8%). 

In this oximation no indication of p'-O-monomethyl-y-benzil- 
dioxime was obtained. This result was, however, to be expected 
owing to the instability of tho derivatives of y-benzildioxime, which 
at high temperatures* change to the p-isomerides. 

M onomethylation of a- Benzildioxime . — A solution of a-benzil- 
dioxime (10 g.) in 42V-sodium hydroxide (200 c.c.) and methyl 
alcohol (5 c.c.) was cooled in ice, and methyl sulphate (15 g.) added 
slowly. The precipitate which formed was collected, washed with 
cold 2W-sodium hydroxide, and extracted with hot 
hydroxide; a small quantity of oil remained consisting of dimethyl 
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ethers. The alkaline extract on saturation with carbon dioxide 
gave 0-monomethyl-a-benzildioxime. The mother-liquor from the 
methylation was saturated with carbon dioxide, the precipitate 
obtained was extracted with hot alcohol, some undissolved a-benzil- 
dioxime removed, and the solid which separated on cooling was 
crystallised from alcohol, T$~mmomeihyl-a-benzildioxime (V) being 
obtained in prisms, m. p. 168° (Found : N, 114. c 15 h w o 2 n 2 
requires 1ST, 11-0%). This compound gave no methyl iodide on 
treatment with hydriodic acid, but methylamine was detected in 
the solution by Valton’s method (J., 1925, 127, 40). 

Monomebhylation of fi-Benzildioxime . — This was carried out in 
the same way as that of a-benzildioxime. The pasty precipitate of 
dimethyl ethers was removed and the filtrate diluted and saturated 
with carbon dioxide; the semi-solid precipitate obtained slowly 
hardened and after three crystallisations from alcohol gave a small 
yield of 0-monomethyl- (3-benzildioxime. The mother-liquors from 
the crystallisation were evaporated to dryness at room temperature 
and the residue was extracted several times with boiling light 
petroleum and once with hot benzene, a further quantity of the 
0-methyl ether thus being removed; the undissolved part, crystal- 
lised from alcohol, gave T8-monomethyl-$-benzildioxime (XIII) in 
hexagonal prisms, m. p. 205° (decomp.) (Found : N, 11*2%). 
Hydnodic acid produced no methyl iodide from t his compound, 
but methylamine was detected. 

M onomethylaiion of y-Benzildioxime. — The dioxime (5 g.) was 
dissolved in 22V r -sodium hydroxide (100 c.c.), and a concentrated 
solution of sodium hydroxide (7 g.) added with cooling, followed by 
a little methyl alcohol (2*5 c.c.); the suspension of sodium salt 
obtained was cooled in ice, and methyl sulphate (4 g.) added. After 
30 minutes, the mixture was diluted until solution was attained and 
an excess of a saturated solution of ammonium chloride was then 
added. The precipitate obtained, on crystallising twice from 
alcohol, gave A-monomethyl- [B-benzildioxime (2 g.). The mother- 
liquors from the crystallisation were evaporated at room temperature 
and the residue was extracted with hot benzene; some A- ether 
remained undissolved. The benzene solution on evaporation 
yielded a considerable quantity of oil, but no pure compound could 
be obtained therefrom, 

Methylation of Q-Monomeihyl-oL-benzildioxime. — A solution of the 
compound (5 g.) in hot 2 A- sodium hydroxide (120 c.c.) was quickly 
cooled and methyl alcohol (5 c.c.) added, followed by methyl 
sulphate (10 g.) in small portions with cooling in ice. After some 
hours, the pasty solid was collected and crystallised first from glacial 
acetic acid and then from acetone ; the 00-dimethyl- a- benzil- 
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dioxime obtained was identified by comparison with a specimen 
prepared by Brady and Perry’s method. When the acetic acid 
mother-liquor was diluted somewhat with water, more of the above 
compound separated; this was removed, excess of water added 
to the filtrate, the precipitate formed dissolved in the minimum 
quantity of glacial acetic acid, and concentrated hydrochloric acid 
added until no further precipitate was formed. The precipitated 
hydrochloride (m. p. 157 — 161°) was washed with concentrated 
hydrochloric acid, then with hot benzene, and decomposed with 
concentrated aqueous ammonia. The solid obtained, after crystal- 
lisation from alcohol, was identified as ON -dimethyl- oc-benzil- 
dioxime. 

M ethylation of N -Monomethyl- oL-benzildioxiine. — The compound 
(1 g.) was dissolved in 22V r -sodium hydroxide, the solution cooled 
in ice, and methyl sulphate (2 g.) added. The oil formed slowly 
solidified; when it was crystallised from alcohol, A A- dimethyl - 
a-benzildioxime separated. The alcoholic mother-liquor was con- 
centrated somewhat, a further quantity of the AA-ether removed, 
and concentrated hydrochloric acid added to the filtrate; the 
precipitated hydrochloride, after being washed with concentrated 
hydrochloric acid and with ether, was decomposed with ammonia, 
and the solid crystallised from alcohol, Oi\T-dimethyl- a-benzil- 
dioxime being obtained. 

Methylation of 0-Monomethyl-$-benzildioxime. — A solution of 
the compound (5 g.) in hot 2A-sodium hydroxide (120 c.c.) was 
cooled and treated with methyl sulphate (10 g.). The pasty pre- 
cipitate was extracted with ether, and the solution dried with 
anhydrous sodium sulphate and saturated with dry hydrogen 
chloride. The oily hydrochloride precipitated was separated by 
decantation, united with a further quantity obtained by addition 
of light petroleum to the ethereal solution, and decomposed with 
concentrated aqueous ammonia. The oil obtained, after being 
kept in a vacuum over solid sodium hydroxide, solidified and then, 
on crystallising several times from light petroleum, gave OA-di- 
methyl- p -benzildioxime . The ether-light petroleum solution from 
which the hydrochloride had been removed was evaporated, and 
the residue crystallised twice from alcohol, OO-dimethyl- (3-benzil- 
dioxime being obtained, 

Methylation of d -O-Monomethyl-y -benzildioxime . — A mixture of 
the compound (2 g.), methyl iodide (1*5 g.), dry ether (20 c.c.), and 
dry silver oxide (2 g.) was boiled under reflux for 3 hours, cooled, 
and the liquid filtered. The solid was extracted with hot acetone ; 
the extract on evaporation yielded OO-dimethyl-a-benzildioxime. 
The ethereal solution was evaporated at room temperature, and the 
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residue crystallised from acetone, a further quantity of the OO-ether 
being obtained. The acetone mother-liquor on evaporation at 
room temperature gave an oil which solidified when kept in an 
evacuated desiccator and scratched ; crystallised from dilute alcohol 
and finally from 80% alcohol, this yielded OO-dimethyl-y-benzil- 
dioxime (VI H) in plates, m. p. 59° (Found : N, 10*3; OMe, 18*1. 
Ci 6 H 16 02N 2 requires 3ST, 104; OMe, 23*1%). The melting point 
of this compound was depressed by 30—40° by addition of an 
approximately equal quantity of O-methyl- a- or -p-be nzilm on- 
oxime or OO-dim ethyl- p-benzildioxime, m. p/s 61°, 62°, and 73° 
respectively. 

Methylation of a'-O-monomethyl-y-benzilmonoxime with methyl 
sulphate as described for O-monomethyl- a- benzilchoxiine gave an 
oil which did not sohdify after several months. When, however, 
the above compound had been obtained and was used to seed this 
oil, crystallisation occurred, and recrystallisation from alcohol gave 
a fair yield of OO-dimethyl-y-benzildioxime but no OO-dimethyl- 
q-benzi I dioxime . 

Isomeric Changes of the Methyl Ethers of the Benzildioximes . — 
O-Monomethyl-a-benzildioxime (20 g.) was added to boiling, freshly 
distilled aniline (40 c.c.) and the mixture was boiled for 30 seconds 
and poured at once into ice-cold dilute hydrochloric acid. The 
precipitated mixture of the monomethyl ethers of a-, p>, and y-benzil- 
dioximes, after being thoroughly washed with dilute hydrochloric 
acid, was separated by removal of unchanged O-monomethyl- 
a-benzildioxime as its sparingly soluble sodium salt and crystal- 
lisation of the remaining mixture from acetic acid and from chloro- 
form and light petroleum (p. 220). About 5 g. of a'-O-monomethyl- 
y-benzildioxime were obtained (this is the easiest way of preparing 
this compound in quantity). If the time of contact with boiling 
aniline exceeds 30 seconds, a larger quantity of O-monomethyl - 
p-benzildioxime is formed which is very difficult to separate. When 
O-monomethyl-a-benzildioxime (4 g.) was boiled for 5 minutes with 
a n il in e (10 c.c.) and cooled, a mass of crystals separated which 
gave 2 g. of O-monomethyl- p-benzildioxime after being washed 
with dilute acid and crystallised from glacial acetic acid. 

A suspension of O-monomethyl-a-benzildioxime (8 g.) in glacial 
acetic acid (30 c.c.) was saturated with dry hydrogen chloride and 
the mixture was boiled under reflux for 30 minutes, cooled and 
poured into water. The solid obtained, on crystallising from glacial 
acetic acid, gave d g. of O-monomethyl- p-benzildioxime. Similarly 
a'-O-monomethyl-y-benzildioxime gave O-monomethyl- P-benzil- 
dioxime. 

OO-Dimethyl-y-benzildioxime was boiled under reflux with con- 



THE METHYLATION OF THE OXIMES OF BENZIL. PART H. 225 

centrated hydrochloric acid for an hour and the solution was diluted 
with water and extracted with ether ; the product, crystallised from 
acetone, gave 00-dimethyl- a-benzildioxime. 

A-Monomethyl-a-benzildioxime (1 g.) was added to boiling anil- 
ine (3 g.) and boiled for 5 minutes. The solution was poured into 
cold dilute hydrochloric acid, and the resulting precipitate crystal- 
lised from alcohol; benzilmonoxime anil, CPh(.*NOH)'CPhINPh, 
thus obtained was identified by comparison with a specimen pre- 
pared by Auwers and Siegfeld’s method (Ber., 1893, 26, 794). The 
readily hydrolysable NMe.'O group was eliminated by this treatment, 
but when dimethylaniline was substituted for aniline N- mono- 
methyl- p-benzildioxime was obtained. 

Beckmann Rearrangement of 0 - M onomethyl- u.-benzildioxime . — 
The compound (5 g.) was suspended in dry ether (20 c.c.) cooled in 
ice, and phosphorus pentachloride (4 g.) added. After 8 hours 5 
keeping at room temperature, all the oxime had dissolved ; the ether 
was then decanted, washed with ice-cold water, and dried over 
potassium carbonate; on evaporation an oil was obtained which 
slowly solidified in a vacuum. The solid, crystallised twice from 
alcohol, gave 3 : 5-diphenyl- 1 : 2 : 4-oxadiazole, identified by com- 
parison with a specimen prepared by Gunther’s method ( Annalen , 
1889, 252, 48). The alcoholic mother-liquors from the crystal- 
lisation were diluted with water; the precipitate obtained, on 
crystallising twice from benzene, gave flat plates of -benzoyl- 
O-methylbenzamidoxime (XVII), m. p. 151° (Found: N, 11*1; 
OMe, 11*9. C 15 H 14 0 2 N 2 requires N, 11-0; OMe, 12*2%). This 
compound (0*5 g.) was boiled under reflux with 30% sodium 
hydroxide solution (10 c.c.) for 1 hour : sodium benzoate separated ; 
the alkaline solution, on extraction with ether, removal of the 
solvent, and crystallisation of the residue from light petroleum, 
gave O-methylbenzamidoxime, identified by comparison with a 
genuine specimen (Kruger, Ber,, 1885, 18, 1053). Hydrolysis of 
2V r -benzoyl-0-methylbenzamidoxime with concentrated hydro- 
chloric acid gave benzamide and benzoic acid. 

In later experiments the oxime-ether-phosphorus pentachloride 
mixture was kept at 0° until the reaction was complete ; a larger 
proportion of A’-benzoyl- O-methylbenzamidoxime was then formed 
which could be isolated by direct crystallisation from alcohol and 
benzene. 

Beckmann Rearrangement of oL -Q-Moriomethyl-y-benzildioxime . — 
The reaction was carried out as above, but the temperature was 
kept below 0° by means of a freezing mixture. The solid from the 
ether, after crystallising three times from alcohol, gave ot-0 *methyl« 
^phenylglyoxylanilideoxime (XXI) in long needles, m. p. 118—420° 

i2 
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(Found : N, 11*2. requires N, 11-0%). Hydrolysis 

of this compound with boiling concentrated hydrochloric acid and 
extraction with ether gave an oil, from which a solid (m. p. 57 — 60°) 
could be isolated, but in too small quantity for further investigation ; 
the hydrochloric acid solution yielded aniline. 

Beckmann Rearrangement of 0 - M onomethyl- (3 - benzildioxime . — 
The reaction was carried out at 0° as with the a-compound, the 
ether yielding a solid which, after crystallising twice from alcohol, 
gave fi-O-melhylphenylglyoxylanilideoxime (XIX) in needles, m. p. 
152° (Found : N, 114%). Boiling concentrated hydrochloric 
acid converted it first into the a-isomeride ; prolonged boiling gave 
results similar to those obtained with the latter compound. The 
constitution was proved by the following synthesis. A solution of 
phenylglyoxylanilide (2 g.), prepared from p -benzilmonoxime by 
the Beckmann rearrangement, in alcohol (15 c.c.) was cooled in ice, 
and hydroxylamine hydrochloride (0*7 g.) and sodium hydroxide 
(0*8 g.), each in 1 c.c. of water, were added slowly. After 2 hours, 
the whole was poured into water and the precipitated solid, after 
drying, was extracted with hot benzene, which removed a small 
quantity of benzanilide. The insoluble portion, together with the 
precipitate obtained by saturating the original alkaline filtrate with 
carbon dioxide was crystallised from alcohol, giving the p-phenyl- 
glyoxylanilideoxime of Beckmann and Koster (Annalen, 1893, 
274 , 9). This oxime (1 g.) was boiled under reflux with methyl 
iodide (1 g.), dry silver oxide (0*5 g.), and dry ether (15 c.c.) for 
2 hours. After filtration and evaporation of the ether the residual 
solid was crystallised first from alcohol and then from benzene 
and light petroleum, p - O - methylphenylgly oxylanilideoxime being 
obtained. 

The Ralph Forster Laboratories op Organic Chemistry, 

University College, London. [Received, November 26th, 1929.] 


XXXII . — The Isomerism of the Oximes. Part 

XXXVII. Allyl-ip-nitrobenzaldoximes , O- and 

llylhydroxylamines, and Sulphime S-Ethers. 

By Oscar L. Brady and Frank Herbert Peakin. 

Claisen (Z, angew . Chem., 1923, 36 , 478; Annalen , 1925, 442 , 210) 
has shown that unsaturated alkyl halides, acting upon sodium 
phenoxide, give 0 - or O-alkyl derivatives according as the reaction 
occurs in an ionising or a non-ionising solvent, and that saturated 
alkyl halides give only O-alkyl derivatives . Now, in the methylation 
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of aldoximes the formation of O- and iV-methyl derivatives is prob- 
ably due to an ionic and a non-ionic reaction respectively (Brady 
and Goldstein, J., 1926, 2403). It seemed likely, therefore, that 
the use of an unsaturated alkyl halide might give a greater pro- 
portion of N-ethev. The allylation of aldoximes presented special 
difficulties : the compounds in many cases did not crystallise and 
there was a tendency for the formation of resinous polymerisation 
products ; p-nitrobenzaldoxime, however, gave a crystalline 
Q-allyl and 'N-allyl ether. The relative amounts of the two ethers 
obtained from the a-oxime did not seem to differ materially from 
those of the methyl ethers, but a quantitative determination was 
impracticable, since extensive resinification occurred when attempts 
were made to hydrolyse the mixture of ethers in order to estimate 
the N- allylhy dr oxylamine (compare Brady and Goldstein, loo . cit.). 

O-A llylJiydroxylamine hydrochloride has been obtained by the 
hydrolysis of 0 -allylbenzhydroxamic acid , and a solution of iV-allyl- 
hydroxylamine hydrochloride from JV~allylbenzaldoxime. 

Cinnamyl and styryl halides, reacting with aldoximes, gave only 
resinous products. 

The sulphime ^-ethers, R’CHIN'SR/, of Zincke and Farr (Annalen, 
1912, 391 , 60, 74) are analogous to the oxime O-ethers and an 
attempt has been made to obtain them in stereoisomeric forms but 
without success. Only one ether is obtained by the action of 
o-nitrophenylsulphamine, N0 2 'C 6 H 4 *S*NH 2 , on benzaldehyde and 
on m-nitrobenzaldehyde and no isomeric change is brought about 
by the action of ultra-violet light (compare Brady and Klein, J., 
1927, 893). 

Experimental. 

Allylation of u--p-Nitrobenzaldoxime . — Sodium (14 g.) was dis- 
solved in alcohol (75 c.c.) and a-p-nitrobenzaldoxime (10 g.) added, 
followed by allyl iodide (10 g.). After being heated under reflux 
for 3 hours, the mixture was kept over-night ; yellow crystals (5 g.) 
then separated. Becrystallised from dilute alcohol, they gave 
0 L~O-allyl-j)-nitrobenzaldoxime in very pale yellow needles, m. p. 75° 
(Found : N, 13*7. CioHioOgN^ requires NT, 13*6%). This com- 
pound is volatile in steam, gives no hydrochloride, and, like other 
O-ethers, is very difficult to hydrolyse. 

The mother-liquor from the above preparation was diluted with 
water; the brown solid precipitated (5 g.), on repeated crystal- 
lisation, gave more of the O-allyl ether. Concentration of the 
aqueous mother-liquor, followed by extraction with chloroform, 
gave a substance (1 g.) which after two crystallisations from benzene 
and light petroleum was found to be iy-allyl-p-nitrobenzaldoxime, 
identical with the compound obtained from the [3-oxime. 
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Allylation of p-p- Nitrobenzaldoxime . — If the above method be 
employed with the (3-oxime, resinification. occurs. 

Sodium (0*7 g.) was dissolved in alcohol (20 c.c.), |3-p-mtrobenz- 
aldoxime (1*2 g.) added, the solution cooled to room temperature, 
and allyl iodide (0*7 c.c.) poured in ; after 3 days a yellow crystalline 
material had separated and the whole was poured into water. The 
precipitate, after several crystallisations from benzene and light 
petroleum, gave N-allyl-ip -nitrobenzaldoxime in pale yellow prisms, 
m. p. 112° (Found : N, 13*8. C 10 H 10 O 3 N 2 requires N, 13*6%). 
With dry hydrogen chloride in dry chloroform, this ether gave 
a slightly gu mm y, very hygroscopic precipitate of N-aZZyZ-p- 
nitrobenzaldoxime hydrochloride, m. p. 61 — 64° (Found: Cl, 14*1. 
CioH 10 0 3 N 2 ,HC1 requires Cl, 15-0%). The material was prepared 
for analysis by rapid pressure on porous tile, and the melting- 
point determination and the analysis were carried out at once. 

O-Allylhydroxylamine Hydrochloride. — Benzhydroxamic acid 
(5 g.) in alcohol (16 c.c.) was treated with sodium hydroxide (1*5 g. 
in the minimum quantity of water) and allyl bromide (4 c.c.) in 
alcohol (10 c.c.), and the mixture heated under reflux for 30 minutes. 
The alcohol was removed on the water-bath, water (20 c.c.) added, 
and the oil extracted with chloroform. After removal of the solvent, 
cooling, and scratching, the residual oil solidified (5 g.), and crystal- 
lisation from benzene and light petroleum gave O -allylbenzhydroxamic 
acid in colourless needles, m. p. 58° (Found : N, 8*0. C 10 H 11 O 2 hT 
requires N, 7*9%). This compound (4 g.) was heated under reflux 
with alcohol (10 c.c.) and concentrated hydrochloric acid (4 c.c.) 
for 45 minutes ; the product was diluted with water and extracted 
several times with chloroform. Evaporation of the aqueous 
solution on the water-bath left a deliquescent crystalline mass, 
which, after being pressed on porous tile and dried in a desiccator, 
consisted of colourless leaflets of O-allylhydroxylamine hydrochloride , 
m. p. 172° (decomp.) (Found: Cl, 33*6; N, 13*4. C 3 H 7 0N,HC1 
requires Cl, 32*5; 1ST, 12*8%). It had no reducing action on Feh- 
ling’s solution and on treatment with p-nitrobenzaldehyde in alcohol 
gave oc- O-allyl-p -nitrobenzaldoxime. 

'H-Allylhydroxylamine Hydrochloride.— (10 g.), 
suspended in alcohol (20 c.c.), was treated with sodium ethoxide 
(2 g. of sodium in 50 c.c. of alcohol), and allyl bromide (3 c.c.) added. 
After 12 hours, the alcohol was removed on the water-bath, water 
added, the oil extracted with chloroform, and the solvent removed. 
The crude Aether could not be induced to crystallise, so it was 
heated under reflux with alcohol (20 c.c.) for 15 minutes, the odour 
of benzaldehyde soon being perceptible. The solution was evapor- 
ated on the water-bath, the aldehyde being carried off in the water 
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vapour. The semi-solid residue yielded nothing crystalline; in 
aqueous solution, however, it immediately reduced Fehling’s solution 
in the cold, and on treatment with an alcoholic solution of p-nitro- 
benzaldehyde and aqueous sodium carbonate gave. JV-allyl-p-nitro- 
benzaldoxime. 

Sulphime S -Ethers. — o-Nitrophenylsulphamine (1*4 g, ; prepared 
by the method of Zincke and Farr, loo. cit.) in alcohol (25 c.c.) was 
heated under reflux for 10 minutes with m-nitrobenzaldehyde (1*3 g.). 
The solid which separated on cooling (2 g.), on crystallisation from 
benzene, gave m-nitrobenzylidene-o-nitroplmiylsulphamine in lemon- 
yellow needles, m. p. 192° (Found : N, 13*9. C 13 H 9 0 4 N 3 S requires 
N, 13*9%). Examination of the mother-liquors from the prepar- 
ation and from the crystallisation gave no indication of the presence 
of an isomeride : a similar result was obtained in the case of benzyl- 
idene-o-nitrophenylsulphamine (m. p. 161°) prepared by Zincke and 
Farr’s method. 

Both benzylidene- and m-nitrobenzylidene-o-nitrophenylsulph- 
amine were exposed in benzene solution for 48 hours in silica tubes 
to the light of a quartz -mercury lamp, but were recovered unchanged 
on removal of the solvent. 

The Ralph Forster Laboratories of Organic Chemistry, 

University College, London. [Received, November 28 th, 1929 .] 


XXXIII . — The Parachor and Chemical Constitution * 
Part XIV. Tellurium Compounds. 

By Francis Hereward Burstall and Samuel Sugden, 

In earlier papers of this series (Sugden, Reed, and Wilkins, J., 1925, 
127, 1525 ; Henley and Sugden, J,, 1929, 1058), a number of com- 
pounds of sulphur and selenium have been examined in which 
these elements exert a valency which is greater than the normal, 
viz., 2. In every case the shell of eight electrons around the 
sulphur or selenium atom is not exceeded, and the parachors show 
the presence of the correct number of semipolar double bonds or 
singlet linkages which are necessary to maintain the octet. As a 
result of the work described below, this conclusion can now be 
extended to tellurium compounds. We have so far not found any 
telluroxides or other compounds containing semipolar double bond 
which are sufficiently stable in the fused state for parachor measure- 
ments; the dialkyl- and diaryl- tellurium dihalides are, however, 
remarkably stable substances, and measurements can be made for 
a considerable temperature interval above their melting points. 
In all but one of the substances examined, the parachor anomaly 
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predicted for the singlet linkages in the molecule has been realised 
experimentally. 

It was necessary in the first place to determine the atomic constant 
for telluri um by measurements of the parachors of compounds in 
which this element exerts its normal valency of two. Data for 
such compounds are given in Table I. The figure recorded for 
diphenyl telluride is that obtained by Lowry and Gilbert (J., 1929, 
2087). The ditelluride (6) began to decompose at its melting point, 

Table I. 


Atomic Parachor of Tellurium. 


Substance. 

Formula. 

[P] obs. 

sin 

Te. 

(1) Diphenyl telluride 

Ph 2 Te 

457*4 

380*0 

77*4 

(2) Dianisyl telluride 

(MeO*C 6 H 4 ) 2 Te 

575*2 

498*0 

77*2 

(3) Di-n-butyl telluride 

(C 4 H 9 ) 2 Te 

426*8 

346*2 

80*6 

(4) Phenoxt eUurine * 

C 6 H 4 <Q e >C 6 H 4 

452*9 

371*9 

81*0 

(5) Di-2-chloro-jp-phenetyl 

telluridef 

(6) Di-^-phenetyl ditelluride 

(EtO-C 6 H 3 Cl) 2 Te 

731*2 

650*4 

80*8 

(EtO-C 6 H 4 ) 2 Te 2 

723*0 

576*6 

(73*2) 

Mean, excluding (6) 79*4 


* The heterocyclic 6-membered ring in this substance is assumed to have 
the normal value of 6*1 units, 
t See p. 231. 

so the value given for its parachor can only be regarded as approxim- 
ate. The mean constant for tellurium, viz., 794, is a little lower 
than the value 86 predicted from the parachors of adjacent elements 
(Henley and Sugden, loc. tit.), but lies satisfactorily between the 
constants for antimony (66-0) and iodine (91*0). The series, 
0 = 20, S = 48-2, Se = 62*5, Te = 794, shows the same steady 
increase with atomic number which has been observed in other 
families of elements, e.g., the halogens. 

Table II gives the parachors of a number of tellurium compounds 
in which this element is quadrivalent, the data for compounds 
(3)— (5) being due to Lowry and Gilbert (loc. tit.). These substances 
are all of the type R 2 TeX 2 , where X is a halogen atom, and may 
be formulated electronically as salts (I) or as non-polar compounds 
(II) ; their properties, excepting those of (5), indicate a non-polar 
structure (compare Drew, J., 1929, 560 ; Lowry and Gilbert, loc. cit.) 9 

X 

< n.) 

so the parachor should indicate the presence of two singlet linkages 
by an anomaly of -24-8 units. All the substances, save (3), give 
an anomaly which is close to this value. 


iW 

x 6 ^ 

do 


X 8 
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Table II. 

Quadrivalent Tellurium Compounds . 

Substance. Formula. [P] obs. 27[P]. Anomaly. 

(1) Biphenyl telluridichloride (C 6 H 6 ) 2 TeCl 2 547*3 568*0 —20*7 

(2) Bi-^j-anisyl telluridichloride (MeO*C c H 4 ) 2 TeCl 2 663*2 686*0 —22*8 

(3) a-Dimethyl telluridichloride Me 2 TeCl 2 - 282*5 300*2 —17*7 

(4) a-Diethyl telluridi-iodide Et 2 TeI 2 425*0 451*6 —26*6 

(5) ^-Diethyl telluridibromide Et 2 TeBr 2 377*3 405*6 —28*3 

It has been shown by Drew (loc. cii.) that Vernon’s (3-compounds 
are probably dimerides with a polar structure, i.e., (R 3 Te) + (RTeX 4 )'\ 
An electronic formula compatible with the octet rule may be written 
as in (III). Here both tellurium atoms have a complete octet and 
carry a positive charge ; the anion contains four singlet-linked halogen 
atoms which give it a net charge of —1. On this view it will be 
seen that both the a- and the (3-compounds contain two singlet 
linkages per tellurium atom so that the parachors will give no 
distinction between the two series. The parachor found by Lowry 
and Gilbert for the last substance (see Table II) shows, as would be 
expected, much the same anomaly as the other quadrivalent 
tellurium compounds. 

The substance described by Morgan and Drew (J., 1925, 127, 
2307) as bis-p-phenetyl telluridichloride (IV) was also examined 
but proved to have very different properties from the corresponding 
anisyl compound (No. 2, Table II). The observed parachor, 731*2, 
is considerably lower than the value calculated for formula (IV), 
viz., 739*2, but agrees well with the predicted value for formula (V), 
729*8. The physical and chemical properties of this substance also 

tv (EtOC 6 H 4 ) 2 TeCl 2 (IV.) 

, a , 

|) j^Te (V - } 

indicate that it is not a quadrivalent tellurium derivative but a 
nuclear-substituted diphenetyl telluride (V). Its melting point, 
108°, is much lower than those of the diphenyl and dianisyl telluri- 
dichlorides, viz., 160° and 182° respectively. Unlike the latter 
substance, the phenetyl compound is readily soluble in ligroin and 
cannot be reduced by zinc dust to the corresponding telluride. 
Furthermore, the phenyl and anisyl compounds are readily con- 
verted into telluroxides by aqueous alkali, but the phenetyl com- 
pound only gives up its chlorine slowly to boiling potash (Morgan 
and Brew, loc . cii .). We understand that further work on this and 
similar substances is now proceeding in Prof. Morgan’s laboratory ; 
meanwhile, from the evidence set out above we consider that formula 


A 7( ~ 

(III.) (R=) 3 Te2 R^Te^gj- 

X’i- 
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(V) gives the most probable structure of Morgan and Drew’s phenetyl 
derivative. 

Experimental. * 

Surface tensions were determined by the method of maximum 
bubble pressure (Sugden, J., 1922, 121, 158; 1924, 125, 27) and 
densities by means of a U-shaped pyknometer (J., 1924, 125, 1171). 
The tables below are set out in our usual manner ; the parachors are 
calculated by the formula P = My* ID, where y is the surface tension 
in dynes /cm., and D the density of the liquid, the density of the 
vapour being negligible. 

Diphenyl telluridichloride (M = 352*5), We are indebted to 
Prof. G. T. Morgan for a specimen of this substance. M. p. 160 — 
161° (corr.). Densities determined : DP' 8 * 1*618, Dp' 1*611, 
Dp 5 ' 1*603, DP' 1 ' 1*596, whence D£ = 1*785 - 0*00103$. 


t 167*5° 179° 189° 

y .... 39*47 38*23 37*17 

X> 1*613 1*601 1*591 

[P] 547*6 547*4 547*0 Mean 547*3 


Di-p-anisyl telluridichloride (M = 412*5), prepared as described 
by Morgan and Kellett (J., 1926, 1085) and purified by several 
crystallisations from chloroform, was colourless and melted sharply 
at 182° (corr.). Densities determined : DP° 1*544, Df*™ 0 1*533, 
DP' 1*523, DP' 1*512, whence Z>£ = 1*734 - 0*00102$. The 
substance showed little sign of decomposition even at these high 
temperatures. 


t .* 186*5° 198*5° 211*5° 

y 37*82 36*49 35*57 

D 1*543 1*530 1*517 

[P] 663*0 662*5 664*0 Mean 663*2 


Di-p-anisyl telluride (M = 341*6) was obtained by Morgan and 
Kellett from the foregoing dichloride by reduction with zinc dust 
in benzene, A better yield (90%) was obtained by heating the 
dichloride in the water-bath with excess of zinc dust and glacial 
acetic acid; the filtered solution was poured into water and the 
precipitated telluride crystallised repeatedly from methyl alcohol; 
m, p. 53 — 54° (corr.). Densities determined ; Df' ,a 1*515, DP 
P5Q2, Df 5 ' 1*492, Dp*' 1*481, whence DJ = 1*582 — 0*00109$, 

t 76*5° 88*5° 100*5° 111° 121° 

y - 40*60 38*84 38*75 36*68 35*63 

P — 1*499 1*486 . 1*473 1*461 1*450 

[PJ *••• 575*1 574*0 576*1 575*4 575*5 Mean 575*2 

DicMorodiphenetyl telluride (M = 438*5) was prepared as described 
by Morgan and Drew {loc f cit .} and crystallised from alcohol; m, p, 
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108° (corr.). Densities determined: DJI 3 '* - 1*493, DJ; 4 ' C * 1*482, 
Df 1*472, Dir 1*462, whence Df = 1*604 - 0*000979$. 


t 


l 




124*5° 136° 

37-52 35*93 

1*482 1*471 

732*1 729*9 


147*5° 157*5° 

35*12 34*12 

1*459 1*450 

731-7 731*0 Mean 731*2 


Phenoxtelhirine (. M = 295*5), prepared as described by Drew (J., 
1926, 230), melted at 79° (corr.). Densities determined : DJT 
1*662, Dir 1*645, Df 5# 1*615, DJF B# 1*602, whence D? == 
1*770 - 0*00117$. 


t 120*5° 132° 147° 

y 38*32 37*62 36*71 

D 1*630 1*616 1*599 

[P] 451*0 452*9 454*8 Mean 452*9 


Di-p-phenetyl ditelluride (M = 497*1), prepared by reduction of 
p-phenetyl telluritrichloride with aqueous bisulphite (Morgan and 
Drew, loc. tit.), crystallised from ligroin in orange-brown needles, 
m. p. 108° (corr.). As appreciable decomposition occurred when the 
substance was heated above its melting point, only one observation 
of the paraehor was made. At $ = 118°, y = 34*44, D = 1*666, 
whence [P] = 723*0. 

Dun-butyl telluride (M = 241*6). This new substance was pre- 
pared as follows, The Grignard compound (2 mols.) from n-butyl 
bromide was added slowly to tellurium tetrachloride (1 mol.) sus- 
pended in dry ether. The mixture was heated for 2 hours on the 
water-bath, the ether distilled off, and the residue extracted with 
chloroform. The extract was shaken with water to decompose the 
excess of reagents and dried over calcium chloride, and the solvent 
removed. The residual red gum was dissolved in glacial acetic acid, 
and zinc dust added in slight excess. After a few minutes’ heating 
on the water-bath, the solution was filtered and poured into water. 
The telluride, then separated as a dark oil, which was dried over 
calcium chloride and distilled under diminished pressure in a stream 
of carbon dioxide. The product was a yellow oil, b. p. 132 — 13 5°/ 
99 mm. (Found : Te, 52*5. C 8 H 18 Te requires Te, 52*8%) ; it 
possessed an unpleasant odour and oxidised on exposure to air. 
Exposure to light caused the yellow colour to deepen to a reddish 
tint. 

Densities determined: Df 1*302, Df 1*294, DJT 1*289, Djf 
1*284, whence Df. = 1*334 - 0*00109$. 



18° 28° 
29*07 28*24 

1*314 1*303 

426*9 427*5 


38° 

27*03 

1*293 

426*0 Mean 426*8 
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XXXIV . — The Photochemical Interaction of 
Acetaldehyde and Oxygen . 

By Edmund John Bowen and Edmund Lagesen Tietz. 

In 1835 Liebig (. Annalen , 14 , 139) observed that acetaldehyde 
absorbed oxygen at the ordinary temperature, giving, according 
to him, acetic acid. Later, several investigators, working on 
“ aut oxidation/ 5 found that benzaldehyde and some other aldehydes 
gave peroxides with oxygen, but there seems to be no reference in 
the literature to the formation of a peroxide of acetaldehyde under 
these conditions. Chastaing (Ann. Ghim. Phys., 1877, 11 , 145) 
found that acetic acid was formed in the photochemical reaction. 

The experiments now described show that a peroxide of acetalde- 
hyde is quantitatively formed, and that it is a moderately stable 
substance; moreover, it is formed thermally as well as photo- 
chemically when liquid acetaldehyde is shaken with oxygen (Nature, 
1929, 124 , 914). There are two possible peroxides, viz., peracetic 
acid, CH 3 *COO‘OH, and diacetyl peroxide, CH 3 *C0*0*0 # C0 , CH 3 , 
both of which have been prepared in other ways. The latter is 
hydrolysed to the former by water (Clover and Richmond, Amer. 
Chem . J., 1903, 29 , 179). Backstrom (Medd. K. V etenskapsaJcad . 
Nobel-Inst., 6 , No. 16) has recently investigated the formation of a 
peroxide from benzaldehyde, and shown that the thermal and 
photochemical changes are chain reactions. 

Experimental. 

Apparatus. — A quartz mercury lamp contained in a water-cooled 
box served as a light source, and the light passed through a quartz 
window into a thermostat which contained the reaction vessel. 
This was made of clear fused quartz, joined to glass where necessary 
by mercury-sealed ground joints. 

The purest specimens of acetaldehyde obtainable from Kahlbaum 
and Harrington were used, and the results were the same with 
either specimen. 
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1. The Photochemical Oxidation of Gaseous Aldehyde by Air. — A 
current of air, dried with sulphuric acid and filtered through glass 
wool, was drawn by a water-pump through a bubbler containing 
acetaldehyde at 0°, then through the quartz reaction bulb, and 
finally through potassium iodide solution. Iodine was liberated, 
showing that a peroxide had been formed by exposure of the gases 
to ultra-violet light. Control experiments showed that air alone 
passing through the reaction vessel did not liberate iodine, and that 
the excess aldehyde caught in the potassium iodide solution did not 
absorb any of the iodine liberated. The peroxide formed partly 
condensed in the reaction vessel, but by turning off the light and 
continuing the gas flow for several minutes the whole of it could be 
carried over. The temperature of the thermostat was 20° in the 
first experiments ; it was later raised to 30° to diminish the time 
for “ washing out ” the peroxide after the light had been turned off. 
Experiments were made with rates of gas flow between 1000 and 
20,000 c.c./hour, and it was found that at rates above 4000 c.c./hour 
the amount of peroxide formed was independent of the rate of flow, 
and linearly proportional to the time of exposure. The peroxide 
must be formed by a chain reaction, for the number of g.-mols, 
produced in these experiments per minute was about 10” 3 , whereas 
the energy in the light absorbed, calculated from an approximate 
knowledge of the energy distribution of the lamp and the absorption 
spectrum of acetaldehyde, was about 10~ 6 g.-mol. quantum per 
minute. The chain length under these conditions was therefore 
about 1000 molecules, but the exact value of this is unimportant, 
as will be clear from section 2. 

2. Effect of Wave-length and Intensity of the Light. — The above 
experiments were made with the full light of the mercury lamp. 
Experiments were next performed using screens to cut down the 
light intensity, in conjunction with filters. The screens were metal 
sheets with small perforations, and their transmissions were cali- 
brated with a thermopile and an electric lamp. The following filters 
were used : 

Mercury lines transmitted. 


(1) Vita-glass >2900 A, 

(2) Auramine-0 in aqueous solution (1 cm. of 

0-0125%) 3136—2700 

(3) Chlorine-bromine filter 2900 — 2485 


* The results are in Table I, where I represents the light intensity, 
y the titre against A/100-thiosulphate of the iodine liberated, and 
the filters used are denoted by their respective numbers in the 
foregoing scheme. 

Table II gives the ratio of the mean titres to the square root of 
the light intensity, and shows clearly that the reaction is essentially 
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Table I. 



Rate of flow of gases, 7000 c.c./hour. 

exposure, 30 minutes. 

y- 

Time of 

y » 


I. 

(1). 

(2). 

(3). I. 

(!)• 

(2). 

(3). 

48*5 

29*08 

54*29 

32*14 16*0 

16*19 

30*72 

18*57 


29*29 

54*53 

33*33 

15*95 

31*20 

17*62 


28*06 

54*05 

30*71 

15*71 

30*48 

17*62 

23*3 

18*33 

36*91 

21*67 7*5 

10*24 

21*91 

13*33 


19*76 

38*58 

20*95 

10*48 

22*39 

13*33 


19*05 

37*62 

20*83 

10*48 

20*95 

12*86 




Table II. 








v/vT. 




2. 

vr 

a). 

(2). 

(3h 



48*5 

6*96 

4*14 

7*80 

4*61 



23*3 

4*83 

3*95 

7*81 

4*38 



16*0 

4*00 

3*99 

7*70 

4*49 



7*5 

2*74 

3*74 

7*94 

4*80 



the same throughout the ultra-violet absorption band of acet- 
aldehyde, the rate being proportional to the square root of the light 
intensity. This is a rather surprising result. 

3. Effect of Acetaldehyde and of Oxygen Concentration . — The 
aldehyde concentration was changed by introducing a variable 
by-pass and a flow-meter across the acetaldehyde bubbler, and the 
oxygen concentration was varied by using oxygen-nitrogen mixtures 
from cylinders, a large bottle being interposed to ensure mixing of 
the gases. The composition of the mixtures was obtained from 
flow-meter readings. 

Table III gives the variation of the rate (as measured by the 
iodine titre, y) with the relative aldehyde concentration, [A], and 
Table IV the variation with oxygen concentration in the oxygen- 
nitrogen mixture. 

Table III. 

Exposure, 15 mins. 


Vita-glass filter. Chlorme—bromine filter. 


[A]. 

y • 

[A]. 

2/* 

[A]. 

y • 

[A]. 

y* 

6*9 

0*83 

7*2 

0*95 

7*1 

0*95 

7*1 

1*07 

14*6 

1*79 

14*4 

2*38 

14*5 

2*14 

14*3 

2*26 

28*1 

3*69 

28*6 

5*12 

29*0 

4*76 

28*0 

4*53 

42*9 

5*48 

42*0 

7*38 

42-9 

7*62 

44*1 

7*50 

56*5 

7*50 

56*7 

9*53 

58*0 

10*59 

56*8 

10*00 

71*4 

9*53 

57*0 

9*05 

71*2 

12*38 

71*3 

12*62 

85*4 

11*07 

71*2 

11*69 

85*8 

15*26 

85*4 

14*88 

85*7 

11*19 

71*4 

11*54 

100*0 

17*62 

100*0 

17*38 

100*0 

13-34 

100*0 

13*70 
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Table IV. 



Exposure, 30 

mins. Full light. 


o» %• 

y- 

0 2 , %. 

y- 

24*1 

40*2 

53*3 

35*0 

34-2 

39-0 

62*3 

35*7 

41*5 

39*0 

74*0 

36*4 

47-8 

34*8 

100*0 

38*3 


From these results it appears that the reaction rate is pro- 
portional to the aldehyde concentration and independent of the 
oxygen concentration. 

Before the mechanism of the reaction could be explained, it was 
necessary to know whether the variation of the rate with aldehyde 
concentration was due to variations in the amount of light absorbed. 
This was therefore examined at different wave-lengths by means of a 
quartz spectrograph of a new type, designed by Mr. J. H. Jeffree, 
in which a quartz sodium photoelectric cell and Lindemann electro- 
meter are used to measure the light in the spectrum formed by the 
instrument, which had also been used to investigate the trans- 
missions of the filters described above. Between 3200 and 2800 
A., the absorption of gaseous acetaldehyde in the photochemical 
cell was about ,90%, and between 2700 and 2400 A. about 74%. 
The absorption was almost independent of the aldehyde concentra- 
tion, showing that most of the mercury lines in the above regions 
were totally absorbed, the others being transmitted. 

The kinetics of the reaction are dxjdt = kVL[A], where L is the 
light absorbed, and [A] the aldehyde concentration. An explan- 
ation of this result can be given by the following chain mechanism : 

Rate. 

&A*][OJ 

A 3 [A0 2 *][A] 

4. 2A0 2 * — >■ ? & 4 [A0 2 *] 2 

Reactions 2 and 3, by repetition, produce chains, which arc broken 
by reaction 4. For the steady reaction, we have 

d[A*ydt = 0 = kjL + £ 3 [A0 2 *][A] - £ 2 [A*][0 2 J 
and d[AO z *]/dt = 0 = * 2 [A*][0 2 ] ~ & 3 [A0 2 *][A] - fc 4 [A0 2 *] 2 
whence k^L = & 4 [A0 2 *] 2 

Then d[A0 2 ]/* = fc 8 [A0 2 *][A] = ]c z Vl\%Jk i {K] 

When peracetic acid reacts with potassium iodide, the solution 
should become alkaline : 

CHa-COO-OH + 2KI— CH 3 -C0 2 K + KOH + I a 
Experiments showed, however, that after the iodine titration the 


1. A -f - — >■ A* 

2. A* + 0 2 — A0 2 * 

3. A0 2 * + A — >A* + A0 2 



238 BOWEN AND TEETZ : THE PHOTOCHEMICAL INTERACTION 

solution was always slightly acid. This point is referred to again 
in section 4. 

4. Oxidation in the Liquid and the Dissolved State . — The apparatus 
used for these experiments consisted of a small quartz tube to con- 
tain the liquid, mounted in a shaking machine in a thermostat, and 
connected by flexible tubing to a gas burette cont ai n in g oxygen. 
As solvents, water, acetic acid, and hexane were tried, as they are 
transparent to the light absorbed by acetaldehyde. The peroxide 
was estimated by adding the liquid to potassium iodide solution as 
before, and was found to be formed very rapidly in liquid aldehyde 
and in its solutions in the above three solvents, and once formed, to 
be very stable, showing no decomposition in one hour, except in 
the aqueous solutions, in which it almost all reacted in 20 seconds. 
This latter fact was utilised to determine the nature of the peroxide. 
Liquid aldehyde was shaken with oxygen to produce some peroxide. 
One portion (a) was added at once to neutral potassium iodide 
solution, the liberated iodine titrated with N /100-thiosulphate, and 
the remaining acidity estimated with N /100-baryta solution. The 
other portion (6) was added to water, and the peroxide allowed to 
react with the excess aldehyde to give acetic acid. The acidity of 
this solution was then estimated. The following table gives some 
results : 

Expt. 1. Expt. 2. 


Portion. 

Iodine titre. 

Acid titre. 

Iodine titre. 

Acid titre. 

(a) 

24-97 

8-28 

25-32 

7-56 

(6) 

0-0 

45*77 

0-0 

46-68 


These figures can be explained by assuming that the peracetic 
acid first formed partly reacts with aldehyde to give acetic acid, 
but that the reaction is limited by the combination of the acetic 
acid with peracetic acid to give diacetyl peroxide, according to the 
equations 

CH s -C0*0*0H + CH s -CHO — > 2CH 3 *C0 2 H, 

CH 3 -C0-0-0H + CH 3 -C0 2 H — > CH 3 -C0’0-0*C0-CH 3 + h 2 o. 
Diacetyl peroxide reacts with potassium iodide to give a neutral 
solution : (CH 3 ‘C0*0*) 2 + 2KI - — >• 2CH 3 , C0 2 K + 1^, and the 

average iodine titre value above (25*15 c.c.) represents 12*57 c.c, of 
N /100-peroxide. The average acid titre after the iodine titration 
(7*92 c.c.) probably represents a little excess acetic acid. The in- 
crease in acidity on standing in aqueous solution should then be 
represented by 46*22 — 7*92 = 38*3 c.c. of 2V7100-acid. The re- 
action of the peroxide on standing in water must be (CH 3 *C0*0*) 2 + 
CH 3 *CHO — >- 3CH 3 *C0 2 H, representing an acidity of 3 X 12*57 = 
37*71 c.c. of N /100-acid, in close agreement with the calculated 
figure, 38*3 c.c. 
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It seems necessary to assume the formation of diacetyl peroxide 
to account for the approximate neutrality of the solutions after 
titration of the iodine liberated. The results given in Table VI for 
hexane-aldehyde mixtures show an even greater approach to 
neutrality than the figures just given. 

Although the peroxide was found to be quite stable when formed 
in pure liquid aldehyde, the reaction rates were very irregular, due 
to the high vapour pressure, which, by producing a buffer of vapour, 
prevented the oxygen from freely dissolving in the liquid. The 
absorption of oxygen also took place rapidly in the dark. Very 
reproducible results were obtained for solutions of acetaldehyde in 
glacial acetic acid and in hexane. The thermal reaction in these 
solvents was small. Table V gives some results for acetic acid 
solutions, the amounts of oxygen absorbed (as given by gas-burette 
readings), and of peroxide formed (A0 2 , as deduced from the iodine 
titre) being recorded as g.-mols. X 10" 4 . 


Table V. 


Ratio, by vol., 

Time, 



C 2 H 4 0 : C 2 H 4 0 2 . 

mins. 

0 2 X 10*. 

AO. X 10 l . 

1 : 1 

1 

1*72 

1*45 


2 

3*08 

2*51 


3 

4*27 

3*36 


4 

4*87 

3*89 

(Dark reaction 

15 

0*35 

0*28) 

1 : 2 

1 

1*64 

1*51 


3 

4*85 

4*43 


5 

7*56 

6*30 

(Dark reaction 

15 

0*39 

0*39) 

1 : 5 

1 

1*20 

1*44 


2 

2*34 

2*54 


3 

3*03 

3*07 


5 

4*72 

4*45 


7 

7*38 

6*50 

(Dark reaction 

15 

0*05 

0*27) 

1:8 

2-5 

1*47 

1*61 


5 

3*34 

3*22 


7 

4*44 

4*10 


10 

6-24 

5*50 

(Dark inaction nil.) 

15 

6*77 

6*01 

1 : 10 

2-5 

0*89 

0*99 


5 

2*15 

2*13 


7 

2*72 

2*56 


10 

3*78 

3*50 

(Dark reaction nil.) 

15 

6*30 

5*33 


These results show that the amount of peroxide formed increases 
linearly with time, and that the rate is proportional to the aldehyde 
concentration when it is below 20%. The most important result, 
however, is the agreement between the number of molecules of 
oxygen absorbed and of peroxide produced. In acetic acid solutions, 
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diacetyl peroxide formation can occur without the preliminary de- 
composition of some of the per-acid by reaction with aldehyde. 

Table VI gives results for hexane solutions. The light intensity 
was varied with screens as previously described, and its relative 
values are denoted by I . The iodine titre y (c.c .N /100-thiosulphate) 
is a measure of the peroxide produced. 


Table VL 


Batio, by vol., 
C 2 H 4 0 : C 6 H 14 . 

I. 

y- 

y/Vl. 

Excess acidity 
after iodine titre 
(c.c. 27/100). 

1:2 

48-5 

69*1 

9*93 

4*5 


23*3 

45-0 

9*32 

2-5 


16*0 

41*6 

10-4 

2-0 


7*5 

26*8 

9*77 

2*0 

1:3 

48*5 

42-3 

6*08 

2*5 


23*3 

28*7 

5*94 

2-0 


16*0 

27*3 

6*82 

2-0 


7*5 

21*4 

7*81 

2*0 

1 : 5 

48*5 

25*6 

3*68 

0*3 


23*3 

18*4 

3*81 

0*0 


16*0 

14*6 • 

3*65 

0*0 


7*5 

10*8 

3*94 

0*0 


These results are in complete agreement with those of Tables I 
and II, and show that the rate of peroxide formation is proportional 
to the square root of the light intensity and to the aldehyde con- 
centration. The amount of free acid found after the iodine titre is 
small, showing that diacetyl peroxide is probably formed. 

5. The Inhibition by Ethyl Alcohol . — The introduction of an in- 
hibitor into the system will alter the chain-breaking mechanism 
from the bimoleeular reaction 2A0 2 * — > ? to one of the type 
A0 2 * + X — > ? The rate of reaction will then become pro- 
portional to the light intensity instead of to its square root. That 
this is actually the case is shown in Table VII, which gives results 
for the rate when alcohol was added. 

Table VII. 

Batio by volume. Aldehyde : hexane : alcohol = 2:4:1. 


I 4*85 4-85 2-33 2-33 1-60 1-60 

y 33-9 34-1 16-4 16*6 11-5 11-3 

y/Vl 6*99 7-03 7-04 7*19 7-19 7-07 


From this result it is apparent that the effectiveness of an in- 
hibitor at a given concentration must depend on the light intensity 
in this reaction. Assuming that the mechanism of inhibition is 
that described above, it can be shown that for fixed light intensity 
and aldehyde concentration the rate should vary according to the 
equation y 1 -}- P, where y is the rate and X the inhibitor con- 
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centration; whereas for fixed light intensity and inhibitor concen- 
tration, the ratio of rate to aldehyde concentration should be con- 
stant. These conclusions are tested by the results given in Tables 
VIII and IX, for solutions in hexane. The former table gives X 
as the percentage of alcohol, y as the iodine titre, and the value of 
a as calculated from the above equation with p = 5242. 

Table VIII. Table IX. 

Aldehyde concentration, 33%. Alcohol concentration, 14*3%. 


X . 

y- 

a. 

[A]. 

y * 

[A] - 14*3. 

0 

72-4 

— 

14*3 

1*9 

0 

1*33 

55-5 

29*3 

21*42 

6*1 

7*1 

6-67 

29*1 

22*6 

28*56 

10*5 

14*3 

12-5 

11*3 

36*3 

35*7 

22*0 

21*4 


Although the variation of velocity with inhibitor concentration 
is approximately as expected, yet its variation with aldehyde con- 
centration can only be made to agree with the theory if the inhibitor 
concentration is subtracted from the aldehyde concentrations (see 
Table IX). The interpretation of this is that the alcohol first com- 
bines with activated aldehyde molecules to give a compound which 
is the actual inhibitor, thereby reducing the effective aldehyde 
concentration. These experiments are being continued. 

6. Statical Measurements on Gaseous Mixtures . — It was suggested 
to us by Mr. A. C. Egerton that, as peroxides are formed as inter- 
mediate compounds in the oxidation of hydrocarbons, experiments 
on the effect of “ anti-knock ” substances on this reaction would be 
interesting. For this purpose, gaseous mixtures of acetaldehyde 
and oxygen at total pressures between 60 and 20 cm. of mercury 
were introduced into a quartz bulb connected to a mercury mano- 
meter, and the reaction was followed by the diminution of pressure 
which occurs when the mixture is exposed to ultra-violet light. 
The pressure change-time curves for the complete reaction were 
found to begin with a long linear portion. When the ratio of 
acetaldehyde to oxygen was greater than 3 : 2, the rate after the 
initial period fell off gradually to an end-point, while when the ratio 
was less than this, the end-point was approached abruptly. Tables 
of results for these measurements are not given because a complete 
explanation depends on the nature of the final products, which were 
found by analysis to be complex, and to contain carbon dioxide, 
monoxide, and acetic acid. The initial rate of reaction was found 
to be approximately proportional to the square root of the light 
intensity and to the aldehyde pressure, and independent of the 
oxygen pressure, in agreement with the results derived from estim- 
ation of the peroxide. 
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The effect of introducing small quantities (OT — 5 mm.) of the 
vapour of anti-knock substances was as follows. 

Iron carbonyl . A dense white mist was formed when the light 
was turned on. The oxidation of the aldehyde was inhibited for a 
long period, proportional to the amount of iron carbonyl present. 
At the end of the induction period the mist practically disappeared, 
and the reaction suddenly began at a rate almost equal to its value 
in the absence of the inhibitor. A red powder (Fe 2 0 3 ?) was left in 
the reaction vessel. 

Nickel carbonyl. The quantity introduced, owing to the higher 
vapour pressure, was about ten times that of iron carbonyl. A 
dense mist was formed, and a white solid deposited, and the reaction 
was inhibited completely. 

Selenium diethyl . A dense mist was again formed, but no in- 
duction period was produced ; instead, the reaction proceeded at a 
slow rate which gradually increased as the mist disappeared. Great 
difficulty was experienced in removing the last traces of selenium 
compounds from the reaction vessel after these experiments. 

Lead tetraethyl. The vapour of this substance had no effect on 
the reaction rate. 

Ethyl iodide. The introduction of this substance decreased the 
rate of reaction greatly, without producing any induction period. 

These results show that anti-knock substances do not all act as 
inhibitors for this reaction. Lead tetraethyl does not affect the 
reaction at all. The results for ethyl iodide can be explained as an 
inner filter effect. It is uncertain whether iron and nickel carbonyls 
act as direct inhibitors or whether the mist formed merely scatters 
the light. The most that can be said is that an apparently equally 
heavy mist is formed with selenium diethyl, without the production 
of an induction period. The inhibiting effect of iron carbonyl is 
inversely proportional to the aldehyde pressure, which is some 
evidence that it acts as a direct chain breaker. 

Summary. 

1. A peroxide is formed when gaseous, liquid, or dissolved acet- 
aldehyde is exposed in presence of oxygen to ultra-violet light. 
The reaction has been examined in different spectral regions. In 
the liquid and the dissolved state the peroxide is also formed in 
the dark. 

2. The rate of reaction is proportional to the square root of the 
light intensity and to the aldehyde concentration, but independent 
of the oxygen concentration. This can be explained by a chain 
mechanism involving the formation of peracetic acid as the first 
product. 
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3. Reasons are given to show that diacetyl peroxide is formed by 
further reactions of the peracetic acid. 

4. Alcohol acts as an inhibitor when added to hexane solutions 
of aldehyde. As expected, the rate becomes directly proportional 
to the light intensity, instead of to its square root. 

5. Anti-knock substances do not all act as inhibitors of the photo- 
chemical reaction between acetaldehyde and oxygen. 

We are indebted to Mr. Egerton for the anti-knock substances, 
and to the Royal Society for a grant to purchase the quartz spectro- 
graph used in this work. 

Physical Chemistry Laboratory, Balliol and Trinity Colleges, 
Oxford. [. Received , December 30 th , 1929.] 


XXXV . — Extinction of Methane Flames by Water 

Vapour . 

By Hubert Frank Coward and John Jebson Gleadall. 

The limits of inflammability of methane in air are narrowed by the 
progressive addition of an inert gas to the air. Data for the effect 
of carbon dioxide, nitrogen, argon, and helium have been published 
(Coward and Hartwell, J., 1926, 1522). To these is now added a 
series of results obtained with water vapour, for which no data 
of any moment have hitherto been recorded. 

Experimental. 

For observations on the limits of inflammability of gas mixtures, 
it is desirable to use a vessel which is both wide enough to avoid 
errors due to cooling by its walls and long enough to show whether 
flame travels independently of the initial impetus of the source of 
ignition. Constant pressure should be maintained during inflam- 
mation, if the observations are to have any precise significance. 
Experience has shown (“ Limits of Inflammability of Gases and 
Vapors, 59 by H. F. Coward and G. W. Jones, TJ.S. A. Bureau of Mines, 
Bull. 279, 1928) that a vertical tube 2 inches in diameter, 4 — 6 feet 
long, and opened at the end behind the flame at about the moment 
of ignition, meets these requirements; it gives results nearly the 
same as those obtained in very much larger apparatus. The source 
of ignition is preferably near the lower end of the tube, for certain 
weak mixtures, although capable of indefinite propagation of flame 
upwards, are unable to bum downwards. 

These requirements are met readily when gases alone are under 
examination, but not so easily when the temperature of the con- 
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tainer lias to be above the normal to avoid condensation of vapours. 
Fig. 1 shows the arrangement which has proved satisfactory with 
mixtures of methane, air, and water vapour up to the temperature 
(just above 67°) necessary to maintain enough water vapour to 
extinguish flame in any mixture of methane and air. 

The glass tube A was surrounded by a stream of hot water from a 
gas heater. The water jacket was covered, save for a vertical 
observation slit, with asbestos cloth, and the water was stirred by 

air bubbles from the perf or- 
*• ated tube B. The differ- 



ence in temperature be- 
tween the top and bottom 
of the water jacket was 
never more than 0*2°. 

For an experiment, the 
tube A was filled with water 
and water-sealed by the 
beaker C. The jacket and 
the beaker were brought to 
a predetermined temper- 
ature which was then main- 
tained constant. The air 
bubble which had appeared 
at the top of A was sucked 
off, and the prepared mix- 
ture of methane and air 
admitted through the tap 
and finally bubbled through 
the water in C until about 
twice the volume of A had 
passed. A piece of tape, 
held by thin stainless-steel 


springs against the inner 
wall of A, maintained liquid water in contact with the gas through- 
out the length of the tube. 


The inflammability of the mixed methane, air, and water vapour 
was tested, when it had been heated by the constant-temperature 
jacket for 10 minutes, by passing a “ fat ” spark from an induction 
coil across the 5 mm. gap at D.* At the same moment the beaker C 
was withdrawn to permit ready escape of the expanded products of 
combustion. An inflammable mixture propagated a blue flame with 


* Such a spark is strong enough to ensure ignition of any methane-air 
mixture which is capable of propagating flame — its energy much exceeds 
the minimum for ignition. 
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a convex front throughout the whole tube above the spark gap ; 
if the mixture were outside the limits of inflammability, a cap of 
flame appeared above the spark gap, but did not assume the charac- 
teristic shape of the flame in a mixture which is inflammable per se, 
nor did it extend far up the tube. The distinction was clear. 

In calculating the composition of the mixture, the ratio of methane 
to* air was obtained by analysis of a sample from the gas holder. 
The total pressure of the mixture was atmospheric, and the partial 
pressure of the water vapour was assumed equal to the saturation 
pressure of water at the temperature of the jacket. The only place 
where the temperature of the tube A might have been somewhat 
lower was in and just below the rubber stopper, but, as the mixture 
at that place would be heavier than the rest, its influence on the 
composition of the mixture near and above the spark would be 
inappreciable. 

It was possible that radiation from the advancing flame might 
evaporate some moisture from the tape and from the walls of the 
tube, just ahead of the flame, and thus produce a mixture of greater 
water content than we had calculated. To test this point, the tape 
was removed and a lower-limit mixture was passed through until 
only a few large drops of water, and (in one experiment) one patch 
of smaller drops, remained. The mixture was kept until it was 
saturated, and then ignited; the flame which travelled up the 
tube showed no change in width or shape as it passed the wet 
places. In other tests a small length of tape was inserted in the 
tube. The tape remained wet during the test, but the flame was not 
affected as it approached or passed the tape. It is concluded 
that evaporation of water by the flame was without appreciable 
influence on the limi ts. 

Results . — The limits of inflammability of methane in dry air, in 
the 3-foot tube of the apparatus described, the water in the vessel C 
being replaced by mercury, were 5-24 and 14*08%. These agree 
sufficiently well with the previous observations in a 6-foot tube, 
viz.y 5*24 and 14*02%. 

The results which serve to define the limits of mix tures of water 
vapour, methane, and air are in Table I. As the method of experi- 
ment iB by trial and error, the range between inflammable and non- 
inflammable mixtures being narrowed in successive experiments, 
only the last few results of each series are quoted. When the figures 
of the first four columns of the tables are plotted on a large-scale 
diagram, the choice of the figures for the limit mixtures, shown in 
cols. 5 and 6, becomes clear. The concentration of water vapour is 
expressed as a percentage on the " original atmosphere ” of air 
water vapour; whereas that of methane is expressed as 
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a percentage of the whole, i.e., methane plus air plus watei 
vapour. 


*- 

Water 
vapour. 

21*4 
21*3 
21*2 
21*2 

26-4 
26*4 
29*0 
29*0 

28*9 

23*9 
23*9 

19*6 
19*5 
19*4 

* These five mixtures are scarcely distinguishable one from another, 
analytically. We estimate the accuracy of the water figure as within 0*2 unit 
and of the methane figure as wit hin 0*02 unit 

Eig. 2 contains a graph of the limits given in Table I, with lower 
and higher limits for mixtures saturated with water vapour at 
laboratory temperature (see Coward and Hartwell, loc. cit., footnote 
p. 1523). The curves for carbon tetrachloride (Coward and Jones, 
Ind. Eng . Chem 1926, 18, 970) and other diluent gases are included. 
The broken line is the locus of mixtures in which the molecular ratio 
CH 4 : 0 2 is 1 : 2. 

Most of the points on the water- vapour curve were necessarily 
obtained at temperatures higher than that of the laboratory. The 
points nearest the “ nose ” of this curve, for example, were obtained 
at 67°. For comparison, therefore, the position of the “ nose ” 
of the carbon dioxide curve was determined at the same temper- 
ature,^ and found to lie at 27*1% of carbon dioxide, instead of 24*5% 
at 17°. The “ nose 53 of the nitrogen curve would doubtless be 
extended similarly by the same increase of temperature. Water 
vapour therefore lies between carbon dioxide and nitrogen in its 
extinctive action on methane flames, and is very nearly as effective, 
volume for volume, as the former. 

Discussion. 

The extinctive action of five of the six diluent gases runs in the 
order of their molecular heat capacities, which are (C P , 0 1200°) : 


Table I. 


Failed to propagate 
flame. flame. 



Water 


ch 4 . 

vapour. 

ch 4 . 

5*97 

21*2 

5-91*\ 

5*94 

21*3 

5*90* 

5-89* 

21*3 

5*88* 

5*89* 

21*2 

5*84 


21*3 

5*81 J 

6*43 

26*5 

6*331 

6*34 

26*6 

6*32/ 

6*87 

29*1 

6*86) 

6*86 

29*1 

6-84/ 

7*19 

29*2 

7*17 

8*42 

24*0 

8*401 

8*41 

24*1 

8*39 f 


24*1 

8*391 

9*28 

19*6 

9*36) 

9*34 

19*5 

9*40 [ 

9*36 

19*6 

9*42J 


Limit mixture. 


Water 

vapour. 

ch 4 . 

Temp. 

(approx.). 

21*2 

5*90 

60° 

26*4 

6*34 

64 — 65 

29*1 

6*86 

67 

29*0 

7*18 

67 

23*9 

8*41 

62 

19*5 

9*37 

57*5 
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Carbon tetrachloride, 22 (estimated) ; carbon dioxide, 10*90 ; water 
vapour, 9*20; nitrogen, 7-21; argon, 5*0. Helium is exceptional, 
for its heat capacity is equal to that of argon, but its extinctive effect 
on flame is relatively much greater. This is ascribed to its abnormally 
high thermal conductivity. 

Fig. 2. 

Oxygen in original atmosphere , per cent . 

20 19 18 17 16 15 14 13 12 11 10 



0 5 10 15 20 25 30 35 40 45 50 55 

Carbon tetrachloride 
Carbon dioxide 

Water vapour , . . . , . 

Added nitrogen f m <**0*™* atmosphere, per cent 

Argon 

Helium 

The extinctive action of water vapour is rather greater than would 
be inferred from its specific heat. The actual heat capacity of the 
water vapour present in the l im i t mixtures is, however, relatively 
greater than the figure 9*20 would suggest ; for, according to Bose 
( Z . Mektrochem 1908, 14, 269), saturated water vapour is about 
8*5% associated at 67°. Allowance being made for this and for the 
heat of dissociation of the complex water molecules (H 4 0 2 == 2H 2 0 — 
9640 cals. ; Bose, Zoc. cit.), the relative heat capacity of water vapour 
would be nearly 10*0 in the series. 
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The incidence of the water-gas equilibrium, which is attained in 
the gases “ snatched ” from the centre of higher-limit flames of 
methane, oxygen, and nitrogen (Coward, Fuel , 1929, 8, 470), has 
but a small effect on the heat of reaction, the heat capacity, and the 
thermal conductivity of the mixture. The effects of alterations in 
these three factors, due to the water-gas reaction, may be shown 
nearly to cancel one another. 

The conclusion is, therefore, that, in the relative extinctive effects 
on methane flames of diluent gases which take no important part in 
the flame reactions, the chief factor is the heat capacity of the diluent, 
but that helium stands in an exceptional position by virtue of its 
high thermal conductivity. Other factors have very little influence. 
Carbon tetrachloride, although it undergoes extensive reaction in 
the flame of a methane-air mixture, f alls into line with the other 
diluent gases. 

This work has been carried out for the Safety in Mines Research 
Board, whom the authors thank for permission to publish this 
paper. 

- Safety in Mines Research Laboratories, 

Sheffield. [Received, January 2nd , 1930.] 


XXXVI . — M obile Anion Tautomerism. Part I V . The 
Stability of Some a- and y-Alkylallyl Alcohols and 
their Esters . 2 : 4 -Dimethylcinnamyl Alcohol . 

By Harold Bxjrton. 

It has been emphasised in previous parts of this series that the 
migratory power of X in the simple three-carbon anionotropic 
system, (I) R-CHX-CH:CH 2 ^ R-CH:CH-CH 2 X (II), depends 
on three factors : (i) the group R, (ii) some molecular property of 
the solvent closely related to the dielectric constant, and (iii) the 
anionic stability of X (i.e., strengths* of the acids HX). With 
regard to factor (iii), the migratory power of X is in the order 
Br>0*C0<3CI s >G*C0*C 6 H 4 *N0 2 (p) ; QAe>OH, the position of 
the trichloroacetoxy-group following from the recent work of 
Prevost (Ann, Chim., 1928, 10, 160). Prevost has shown that 
esterification of trichloroacetic acid with either methylvinylcarbinol, 
CHMe(OH)fCH:CH 2 , or crotyl alcohol, CHMelCHCHyOH, gives 
in each case the same mixture of about 55% of methylvinylcarbinyl 
trichloroaeefcate and about 45% of crotyl tricliloroacetate. Further- 
more, the action of potassium trichloroacetate on crotyl bromide 
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(a-bromo-A^-butene) also gives the same mixture of the isomeric 
trichloroacetates. The explanation advanced by Prevost to account 
for the formation of the same mixture is that £e trichloroacetic acid 

esterifies solely by the effect of hydrogen ions in liberating the tri- 
+ — + 

polar ion CH 3 'CH*CH*CH 2 ; the triehloroacetoxy-group sub- 
sequently combining at one or other of the positive poles. 5 ’ 

An alternative explanation is that the esters of types I and II 
are first formed and that these subsequently undergo intercon- 
version to give an equilibrium mixture. It is probable that Prevost 
considered this aspect, since he states that the isomeric trichloro- 
acetates are not isomerised even above 100°. No experimental 
details of the attempted interconversions are given and one may 
presume that Prevost merely heated the esters alone below their 
boiling points. Consideration of the experimental conditions under 
which esterification is carried out indicates that the mixture of 
either alcohol and trichloroacetic acid would have a moderately 
high dielectric constant; this would tend to decrease as reaction 
proceeded. In Prevost’s experimental procedure, esterification is 
far from complete (yield of esters, 45 — 46%), so that rearrangement 
of the isomeric trichloroacetates would be expected to occur if such 
an explanation is the correct one. On the other hand, the di- 
electric constants of the pure esters would be relatively small and 
long heating would be necessary to effect any interconversion (see 
Burton, J., 1928, 1650). 

The author’s method ( loc . cit.) being used, methyl vinylcarbinyl 
and crotyl trichloroacetates were heated in acetic anhydride (di- 
electric constant = 20-5) for 6 hours at the boiling point ; in each 
case the equilibrium mixture of about 55% of the former and 45% 
of the latter ester was obtained. This shows definitely that the 
explanation suggested above is probably the correct one, and that 
Prevost’s failure to effect isomerisation was due to unsuitable 
experimental conditions. 

It would be expected that esterification of trichloroacetic acid 
with butylvinylcarbinol would afford a mixture with the equili- 
brium displaced in the direction II. Unfortunately, this has not 
been capable of verification, as the attempted esterification gave 
rise to none of the expected esters. 

In Part III (J., 1929, 455) it was pointed out that the influence of 
the alkyl group in activating the simple three-carbon aniono- 
tropic system should reach its maximum at about ft-hexyl. It was 
also stated that ee even then the activation may not be as great as 
that produced by the phenyl or by dialkyl groups.” It is now 
shown that the ft-hexyl and isoamyl groups are very similar to the 
K 
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methyl group in their activating power. For instance, cL-n-hexylallyl 
j)-niirobenzoate 3 like oc-methylallyl ^-nitrobenzoate, is recovered 
unchanged when an acetic anhydride solution is boiled for 6 and 
24 hours; and acetylation of a-iso amylallyl alcohol with an excess 
of acetic anhydride gives the corresponding acetate , as does methyl- 
vinylcarbinol. The pronounced difference in activating power of 
the alkyl and the phenyl group is again emphasised in experiments 
with a-m-4-xylylallyl alcohol, which are described in the experi- 
mental portion. The conversion of this alcohol into 2 : 4-dimethyl- 
cinnamyl alcohol is of interest in view of the very limited methods 
available for the synthesis of cinnamyl alcohols. 

Experimental. 

Methylvinylcarbinol and butylvinylcarbinol were prepared by 
Delaby’s method ( Compt . rend., 1922, 175, 967). 

Butylvinylcarbinyl p- nitrobenzoate , prepared by the pyridine 
method, crystallises from cold alcohol in colourless plates, m. p. 24 — 
25° (Found : C, 63-8 ; H, 6*5. C 14 H 17 0 4 N requires C, 63-9 ; H, 6-5%). 

Esterification of Trichloroacetic Acid with Methylvinylcarbinol . — 
This was carried out in the manner described by Prevost (loc. cit.). 
The yield of mixed esters, b. p. 70 — 90°/10 mm., was 45—46%. 
Fractionation of the mixture in a vacuum, by means of a Dufton 
column (50 cm.), gave approximately equal amounts of two well- 
defined fractions, the mid-piece being rejected. Further distil- 
lation under reduced pressure and collection of the middle fractions 
only, afforded methylvinylcarbinyl trichloroacetate, b. p. 69*5 — 
70 *5°/8 mm., 1*46390 (Found : C,* 33*4; H, 3*0. Calc. : C, 
33-1 ; K, 3*2%), and crotyl trichloroacetate, b. p. 86 — 8 6*5°/9 mm., 
1*47596 (Found: C, 33*4; H, 3*4%). The refractive indices 
were measured with a Pulfrich instrument, the green line of the 
mercury arc being used, with an auxiliary slit to increase the 
accuracy of setting. The drum of the instrument was used, so the 
differences between the observed indices are more accurate than 
the absolute values. The pure esters and mixtures were measured 
rapidly one after another at the same temperature. The mixtures 
obtained, from three similar experiments showed n^f 61 1*46947, 
1*46947, and 1*46932 respectively; hence content of methylvinyl- 
carbinyl trichloroacetate = 54, 54 and 55% respectively. 

Conversion of the Esters into the Equilibrium Mixture.— Either of 
the esters (10 g.) was boiled with acetic anhydride (20 c.c.) for 6 
hours. The yellow solution was poured into water and extracted 
with ethpr, and the extract was washed repeatedly with sodium 

*' The. values, for, C are all . somewhat- high owing- to. the large chlorine con- 
tent of the esters. 
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carbonate solution until free from acid and dried. The residue 
from the ethereal extract gave, in addition to a main fraction, b. p. 
70 — 90°/10 mm., high-boiling material, showing that some decom- 
position had taken place. The mixed esters were redistilled three 
times and analysed (Found *: C, 33-6, 33-5 ; H, 3*1, 3*5%). The 
refractive indices of the mixtures were 1*46916 and 1*46932 ; hence 
content of methylvinylcarbinyl trichloroacetate = 56 and 55%. 

u-Ti-Hexylallyl Alcohol (A a -Nonen-y-ol), C 6 H 13 *CH(OH)*CHICH 2 . 
— The Grignard reagent prepared by the method of Gilman and 
McCracken (J. Amer . Chem. Soc 1923, 45, 2463) from magnesium 
(12 g.), w-hexyl bromide (82 g.), ether (200 c.e.), and a trace of iodine 
was cooled below 0°, and a solution of acraldehyde (33 c.c.) in ether 
(150 c.c.) added during 2 hours. The mixture was stirred for a 
further 4 hours and then decomposed with ice and saturated 
ammonium chloride solution. Distillation of the oil from the 
ethereal extract gave 36 g. of a mobile oil, b. p. 88 — 95°/16 mm., 
which gave high values for carbon and hydrogen and was not puri- 
fied by further fractionation. When the oil was heated with 
p-nitrobenzoyl chloride (50 g.) and pyridine (350 c.c.) on the water- 
bath for 2 hours, and the mixture poured on ice, a solid (35 g.) was 
obtained. This was collected, washed with cold light petroleum, 
drained on porous earthenware, and crystallised from a concentrated 
alcoholic solution at 0 — 5°; a -n-hexylallyl ^-nitfrobenzoate, m. p. 
36 — 37°, then separated in almost colourless plates (Found : C, 
65*8 ; H, 7*2. C 16 H 21 0 4 N requires C, 66*0 ; H, 7*2%). 

Hydrolysis of the p-nitrobenzoate (14*5 g.) by boiling with 5% 
alcoholic potassium hydroxide solution (100 g.) for 2 hours, the 
product being worked up in the usual way, gave a-n-hexylallyl 
alcohol as a colourless mobile oil, b. p, 89°/12 mm. (Found ; C, 
75*7 ; H, 12*8. C 9 H 18 0 requires C, 76*05; H, 12*7%). 

When the jp-nitrobenzoate (5 g.) was boiled with acetic anhydride 
(10 c.c.) for 6 and for 24 hours, and the solutions were poured into 
water, unchanged material was obtained in each case* 
a-iso Amylallyl Alcohol, CHMe 2 *CH 2 *CH 2 *CH(OH)*CH:CH 2 .— The 
Grignard reagent prepared from magnesium (12 g.), isoamyl bromide 
(76 g.), ether (300 c.c.), and a trace of iodine was treated during 2 
hours with a solution of acraldehyde (30 c.c.) in ether (150 c.c.) as 
for the hexyl analogue. Decomposition of the product with ice 
and ammonium chloride and careful fractionation of the product 
obtained afforded 14 g. of the alcohol , b. p. 73 — 74°/16 mm., as a 
colourless mobile oil (Found : C, 75*05 ; H, 12*6. C 8 H 16 0 requires 
C, 75*0; H, 12*5%). A crystalline ^-nitrobenzoate could not be 
prepared by the pyridine method, 
ice-iso Amylallyl acetate, 0HMe a -G%0%0H(OAc}*CH;0H^ was 
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obtained by bo iling a mixture of the above alcohol (14 g.) and 
acetic anhydride (20 c.c.) for 9 hours and working up the product 
in the usual way. The ester is a colourless mobile oil, b. p. 83 — 
84°/18 mm. (Found : C, 70-5 ; H, 10-6. C 10 H 18 O 2 requires 0, 
70-6; H, 10*6%). Hydrolysis with an excess of boiling 5% 
alcoholic potassium hydroxide solution regenerated the above alcohol. 

< x-mA-Xylylallyl Alcohol , C 6 H 3 Me 2 *CH(OH)*CH!CH 2 . — To the 
well-cooled Grignard reagent prepared from magnesium (12 g)., 
m-4-iodoxylene (116 g.), ether (200 c.c.), and a trace of iodine, a 
solution of aeraldehyde (33 c.c.) in ether (150 c.c.) was added during 
2 hours. The mixture was stirred for a further 3 hours, and the 
very gummy product decomposed with ice and ammonium chloride 
solution. Distillation of the residue from the ethereal extract 
afforded a fraction (12 g.), b. p. 130 — 140°/15 mm., which on re- 
distillation gave the impure alcohol , b. p. 129 — 131°/12 mm., as a 
colourless mobile oil (Found : C, 80*1 ; H, 8*8. C n H 14 0 requires 
C, 81*5; H, 8*6%). The phenylur ethane, m. p. 105 — 106°, crystal- 
lises from light petroleum in clusters of colourless fine needles 
(Found: C, 77*0; H, 6*8. C-^H-^OgN requires C, 76*9 ; H, 6*8%). 

2 : £-Dimethylcinnamyl Alcohol , C 6 H 3 Me 2 *CH!CH*CH 2 *OH. — A 
mixture of oc-m-4-xylylallyl alcohol (8 g.) and acetic anhydride 
(10 c.c.) was boiled for 6 hours and then fractionated. The 2 : 4-di- 
methylcinnamyl acetate, b. p. 168 — 170°/17 mm., obtained was 
hydrolysed with a slight excess of 5% alcoholic potassium hydroxide 
solution, giving 2 : 4c-dimethylcinnamyl alcohol , which was obtained 
as a pleasant-smelling, straw-coloured, viscous liquid, b. p. 162 — 
164°/19 mm. (Found : C, 80*8; H, 8*6. C 11 H 14 0 requires C, 81*5; 
H, 8*6%). The jphenylurethane separated from light petroleum 
in colourless needles, m. p. 82 — 83° (Found : C, 77*0 ; H, 6*9. 
C 18 Hi 9 0 2 lSr requires G, 76*9 ; H, 6*8%). 

The author is indebted to Professor C. K. Ingold, F.R.S., for his 
interest in this work and to Mr. A. Rumfitt for carrying out the 
majority of the analyses recorded. The cost has been partly de- 
frayed with a grant from the Government Grant Committee of 
the Royal Society, to whom the author’s thanks are due. 

The University, Leeds. [ Received , December 20th , 1929.] 

XXXVII . — Some Trinitroethylbenzenes. 

By James Nelson Edmund Day. 

An account is here given of the preparation of 3 : 4 : 5-, 2:3:4-, 
and 2:4: 5-trinitroethylbenzenes , together with some of their 
reactions. One of the difficulties in the study of derivatives of 
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ethylbenzene has been a suitable initial material of undoubted 
purity; this has been overcome by using ^-aminoethylbenzene, 
prepared from pure -p-aminoacetophenone by the reduction method 
of Clemmensen (Ber., 1913, 46, 1837 ; 1914, 47, 51, 681). 

On acetylation of ^-aminoethylbenzene the acetyl derivative 
described by Paucksch (Ber., 1884, 17, 769) was obtained, and this 
on nitration gave 3 : 5-dinitro-4-acetamidoethylbenzene (m. p. 
182 — 183°) identical with that previously described (Paucksch, 
loc. cit.; Brady, Day, and Allam, J., 1928, 982). These experi- 
ments were carried out to make certain that the compound de- 
scribed by Paucksch was the p- and not the o-amino-compound, 
as it was obtained by separation of the o- and ^-acetamidoethyl- 
benzenes by crystallisation, a process which it had been found 
difficult to repeat satisfactorily. 

3 : 5-Dinitro-4-aminoethylbenzene, on diazotisation and treat- 
ment with sodium nitrite and copper sulphate, gave 3:4: 5-tri- 
nitroethylbenzene. 

jp-Aminoethylbenzene, on nitration in presence of excess of 
sulphuric acid, gave 2-nitro-4-aminoethylbenzene identical with 
the compound prepared by reduction of crude 2 : 4-dinitroethyl- 
benzene (compare Cline and Read, J. Amer . Ohem. Soc ., 1927, 49, 
3150, who have shown that some 4 - ni tr o - 2 - amino e thy lb enzene is 
also produced in this reaction; compare also Brady, Day, and 
Allam, loc. cit.). Nitration of 2-nitro-4-acetamidoethylbenzene gave 
a mixture of 2 : 3-dinitro- and 2 : 5-dinitro-4-aminoethylbenzenes 
which on oxidation with Caro’s acid gave respectively 2 : 3 -dinitro* 
4:-nitro8oetJiylbenzene and 2 : 5-dinitroA-nitrosoethylbenzene. Oxid- 
ation of the latter compounds with nitric acid gave the required 
2:3:4- and 2:4: 5-trinitroethylbenzenes. 


Et Et Et Et 



2:3: 4-Trinitroethylbenzene has also been prepared by the 
direct nitration of 2 : 3 - dini tr oethylb enz ene . 

These trinitroethylbenzenes are very similar to the corresponding 
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trinitrotoluenes, but their melting points are lower. They form 
well-defined methylamine and hydrazine derivatives by replacement 
of the mobile nitro-group. Their alcoholic solutions give color- 
ations with dilute sodium hydroside solution. 2:3: 4-Trinitro- 
ethylbenzene gives a bright green-yellow colour, changing to brown 
and brownish-red ; the corresponding trinitrotoluene gives a green 
and then a brown colour. 2:4: 5-Trinitroethylbenzene gives a 
bright green, changing to dark green and red ; the corresponding 
trinitrotoluene gives blue, green, and then brown colours. 3:4:5- 
Trinitroethylbenzene and the corresponding trinitrotoluene both 
give a bright pink colour, changing to brown. 

Experimental. 

p -Aminoethylbenzene . — A mixture of granulated zinc (100 g., 
left in contact with mercuric chloride, 20 g.,’ in water, 400 c.c., 
for 12 hours and then washed with water), concentrated hydro- 
chloric acid (200 c.c.), and water (200 c.c.) was gently heated while 
p- amino acetophenone (25 g.), dissolved in concentrated hydro- 
chloric acid (200 c.c.), was added slowly through an upright con- 
denser, followed by concentrated hydrochloric acid (100 c.c.). 
After being heated for 5 hours, the mixture was cooled and, a slight 
excess of a concentrated solution of sodium hydroxide having been 
added, submitted to steam distillation. The p - aminoethylbenzene 
was extracted from the distillate with ether (average yield, 19*5 % ; 
varying the time of boiling or the amount of hydrochloric acid did 
not greatly affect the yield). 

On acetylation with acetic anhydride, the amine gave £>-acet- 
amidoethylbenzene, identified by its m. p. and mixed m. p. with a 
specimen prepared from ethylbenzene. 

On nitration with ten times its weight of nitric acid (d 1-5), the 
acetyl compound gave 3 : 5-dinitro-4-acetamidoethylbenzene, m. p. 
182 — 183° after crystallisation from alcohol. Addition of this sub- 
stance did not lower the melting point of the 3 : 5-dinitroacet- 
amidoethylbenzene previously prepared (Brady, Day, and Allam, 
loc. cit.). This experiment supplied the direct evidence required, 
that the amino-group in the dinitroacetamidoethylbenzene, m. p. 
183°, previously isolated from the nitrated mixture of o- and p-acet- 
amidoethylbenzenes, was in the 4-position. 

3:4: 5-Trinitroethylbenzene . — Sulphur dioxide was passed into 
nitric acid (d 1*5) (5*7 g.) at 0° until the gain in weight was 0*6 g. 
The solution was cooled to — 12°, 3 : 5-dinitro-4-aminoethylbenzene 
(1*4 g.) dissolved in it, the solution poured on ice (20 g.), and the 
whole added to a mixture of copper sulphate (5*7 g.) and sodium 
nitrite (1*6 g*) in water (25 c.c,) containing ice (50 g.). After 12 
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hours, the precipitate was collected, washed, and heated with 
nitric acid ( d 142) on the water-bath for 30 minutes, the mixture 
cooled and diluted, and the product crystallised from nitric acid 
(d 142). A final crystallisation from alcohol containing a little 
acetic acid gave 3:4: 5-trinitroethylbenzene in white needles, m. p. 
92-5° (Found: C, 39*8; H, 2-9; N, 17-3. C 8 H 7 0 6 N 3 requires C, 
39-8; H, 2-9; N, 174%). 

3:4: 5-Trinitroethylbenzene (0*2 g.) in alcohol (6 c.c.) was 
warmed with 33% methylamine solution (0*3 g.) in alcohol (2 c.c.) 
on the water-bath for 5 minutes, and the solution diluted with an 
equal volume of water and cooled. Crystallisation of the pre- 
cipitate from dilute alcohol gave 3 : B-dinitroA-methylaminoethyl - 
benzene in orange needles, m. p. 73° (Found : C, 47*9 ; H, 5*0. 
C 9 H l;l 0 4 N 3 requires C, 48-0 ; H, 4-9%). 

Similarly, from 3:4: 5-trinitroethylbenzene (0*2 g.) in alcohol 
(6 c.c.) and 50% hydrazine hydrate solution (0*2 g.) in alcohol 
(4 c.c.), 3 : 5-dinitroA-hydrazinoethylbenzene was obtained ; it 
formed copper-red plates, m. p. 85°, on crystallisation from alcohol 
(Found: C, 42*5; H, 4*5. C 8 H 10 O 4 N 4 requires C, 42*5 ; H, 4*5%). 

2-NitroA-aminoethylbenzene. — Sulphuric acid ( d 1*84) (55 c.c.) 
was cooled to 0°, and p-aminoethylbenzene (5 g.) added slowly. 
The solution was cooled to — 8°, and stirred while a mixture of 
nitric acid ( d 1*5) (3*3 g.) and sulphuric acid (d 1*84) (8 c.c.) was 
added drop by drop. After being kept at 0° for 30 minutes, the 
mixture was poured on ice. The precipitated sulphate was decom- 
posed with 2JV r -sodium hydroxide, and the amine extracted with 
ether. Crystallised from light petroleum, the product melted at the 
same temperature (45°) as the compound described by Cline and 
Read (loc. tit.). 

2 : 3 - Dinitro - 4 - nitrosoethylbenzene. — 2 : 3 - Dinitro-4-aminoethyl- 
benzene (1*58 g.) (Brady, Day, and Allam, loo . tit.) was dissolved 
in sulphuric acid \d 1*84) (5 c.c.) at 0°. Sulphuric acid (d 1*84) 
(5 c.c.) was cooled in a freezing mixture, finely powdered ammonium 
persulphate (5*13 g.) added in small quantities at a time, and the 
solution kept at 0° for an hour and then poured on ice (12 g.) in a 
stoppered bottle. The sulphuric acid solution of the amine was 
added, and the mixture shaken occasionally during the following 
5 days. The precipitate, after being washed with water and 
crystallised from alcohol, gave 2 : Z-dinitroA-nitrosoethylbenzene in 
fine yellow crystals, which melted at 80 — 81° to a dark green liquid 
(Found ; N, 18*5. C 8 H 7 0 6 N 3 requires N, 18*7%); The dark green 
hot alcoholic solution of this compound became yellow on cooling. 

2:3: 4-T 7 rinitroeihylb enzene . — 2 : 3 -Dinitro -4-nitrosoethylbenzene 
was heated on the water-bath for 30 minutes with an excess of 
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nitric acid ( d 1*42), the solution diluted, and the precipitate crystall- 
ised from benzene-light petroleum, 2:3: 4 -trinitroethylbenzene being 
obtained in pale yellow plates, m. p. 80° (Found : C, 39*7 ; H, 2*9 ; 
N, 17*2. C 8 H 7 0 6 N 3 requires C, 39*8; H, 2*9; N, 17*4%). This 
compound was also obtained by adding 2 : 3-dinitroethylbenzene 
(1 g.) slowly to a mixture of nitric acid (d 1*5) (1 g.) and sulphuric 
acid (d 1*84) (12 c.c.) and heating the whole at 100° for 2 hours; 
it separated on cooling and was crystallised as before. 

Treated with methylamine as was 3:4: 5-trinitroethylbenzene, 
it gave 2 : k-dinitro-Z-methylaminoethylbenzene , which crystallised 
from dilute alcohol in yellow plates, m. p. 92 — 93° (Found : C, 
48*2; H, 4*8. C 9 H n 0 4 N 3 requires C, 48*0; H, 4*9%). 

Treated with hydrazine hydrate as described above, it gave 
2 : 4-dinitro-3-hydrazinoethylbenzene , which separated from alcohol 
in bright orange-red needles, m. p. 149° (Found : C, 42*5 ; H, 4*5. 
C 8 H 10 O 4 N 4 requires C, 42*5; H, 4*5%). 

2 : 5 - Dinitro -4 -nitrosoethylbenzene . — 2 : 5 - Dinitro-4-aminoethyl- 
benzene (Brady, Day, and Allam, loo. cit.) was oxidised with per- 
sulphuric acid in the same way as 2 : 3-dinitro-4-aminoethyl- 
benzene. The precipitate was collected after 4 days and crystallised 
from alcohol, 2 : B-dinitroA-nitrosoethylbenzene being obtained in 
small, deep yellow prisms, m. p. Ill — 112° (Found: N, 18*4. 
C 8 H 7 0 5 N 3 requires N, 18*7%). The hot alcoholic solution was 
dark yellowish-green and the pure substance melted to a dark 
green liquid. 

2:4: 5-Trinitroethylbenzene . — 2 : 5-Dinitro-4-nitrosoethylbenzene, 
on oxidation with nitric acid (d 1*42), gave 2:4 : 54rinitroethyl- 
benzene , which separated from benzene-light petroleum in light 
yellow crystals, m. p. 40° (Found: C, 40*0; H, 3*0; N, 17*6. 
C 8 H 7 0 6 N 3 requires C, 39*8; H, 2*9; N, 17*4%). 

With methylamine, it gave 2 : 4 - dini tro-5 -methylaminoethylbenz - 
ene, which crystallised from alcohol in yellow needles, m. p. 149° 
(Found : C, 48*2 ; H, 5*0. C 9 H n 0 4 N 3 requires C, 48*0; H, 4*9%). 
With hydrazine, it gave 2 : 4-dinitro-B-hydrazinoethylbenzene, which 
crystallised from alcohol in yellow-brown needles, m. p. 141° (Found : 
C, 42*7 ; H, 4*6. C 8 H 10 O 4 N 4 requires C, 42*5; H, 4*5%). 

The author wishes to thank Dr. O. L. Brady for his interest in 
this work. 

The Ralph Forster Laboratories of Organic Chemistry, 

University College, London. [Received, December 2Zrd, 1929.] 
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XXXVIII . — The Reactions of M atonic Esters with 
Formaldehyde. Part I. 

By Kenneth Norman Welch. 

During the course of a research requiring large quantities of ethyl 
methylenedimalonate, it was found that the product prepared by 
Knoevenagel’s method (Ber., 1894, 27, 2345) varied considerably in 
yield and contained a substance which decomposed with evolution 
of formaldehyde during distillation. Although Gault (Bull. Soc. 
chim., 1912, [iv], 11, 381) showed that better yields could be obtained 
by employing an excess of ethyl malonate, it was felt that a more 
thorough investigation of the reaction would be justified. 

Ethyl malonate condenses with formaldehyde in the presence of 
dilute sodium hydroxide solution to give a solid addition compound, 
ethyl di(hydroxymethyl)mabnate (I). The presence of two hydroxyl 
groups was proved by the preparation of a diphenylcarbamate and 
a neutral sulphite. Further, the ester (I) was converted into 
oL-iodomeihylacrylic acid , CH 2 !C(CH 2 I)*C0 2 H, by the action of 
hydriodic acid, and this unsaturated acid, which gave the iodoform 
reaction, was reduced to asobutyric acid by the action of hydriodic 
acid and red phosphorus. The readiness with which ethyl di- 
(hydroxymethyl)malonate loses formaldehyde forms an interesting 
comment on a paper by Earl, Ellsworth, Jones, and Kenner (J., 
1928, 2697). 

When formaldehyde was condensed with a larger excess of ethyl 
malonate in the presence of dilute sodium hydroxide solution, a 
saturated compound, probably ethyl hydroxymethylmalonate (II), 
was produced as an oil : this could not be distilled owing to the 
ease with which it lost water to give ethyl methylenemalonate. 
This substance is responsible for the more complex condensation 
products obtained by the action of formaldehyde on ethyl malonate : 
the production of ethyl methylenedimalonate (III) and ethyl 
pentane- aayyes-hexacarboxylate (IV) (compare Bottomley and 
Perkin, J., 1900, 77, 294) is explained as follows : 

(H0-CH 2 ) 2 C(C0 2 Et) 2 — — V H0-CH 2 -CH(C0 2 Et) 2 
(I.) (II; 2moIs.) j- 11 * 0 

(III.) CH 2 [CH( CO a Et) a ] 2 < - Ha(0 °‘ Et)l CH 2 :C (CO a Et) a 

(IV.) CH(C0 a Et) 2 -CH 2 -C(C0 2 Et) 2 -CH a -CH(C0 a Et) 2 

The above reactions take place independently under the conditions 
employed in the condensation of formaldehyde and ethyl malonate. 
k2 
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For instance, ethyl di(hydrosymethyl)malonate reacts with ethyl 
malonate in the presence of piperidine, triethylamine, or potassium 
hydroxide (a; p. 260) to give a mixture of (III) and (IV), and the 
yield of the latter is decreased when a larger excess of ethyl malonate 
is used ( b ; p. 260) : experiment (c) (p. 260) shows that the last 
result is not due to the action of ethyl malonate on (IV). Further, 
ethyl methylenemalonate condenses readily with ethyl malonate 
and with ethyl methylenedimalonate (III) in the presence of piper- 
idine to give (III) and (IV) respectively. 

Although ethyl hydroxymethylmalonate (II) is incapable of 
isolation in the pure state, its alkyl substitution products, for ex- 
ample, ethyl (. hydroxymethyl)ethylmalonate , can be distilled in a 
vacuum without decomposition.* This ester reacts with ethyl 
malonate in the presence of piperidine to give ethyl methylene- 
dimalonate and ethyl ethylmalonate, but no facile reaction occurs 
between ethyl (hydroxymethyl)ethylmalonate and ethyl ethyl- 
malonate. 

Experimental. 

Ethyl Di(hydroxymethyl)malonate (I). — Ethyl malonate (100 g.), 
40% formalin (180 g.), and a few drops of B.D.H. Universal Indicator 
were mixed and 10% sodium hydroxide solution was gradually 
added. Reaction began at p R 7*5 and was rapid at p K 8*5. Owing 
to slight hydrolysis of the ester the p K was apt to fall, and sodium 
hydroxide was added during 48 hours to maintain it between 8 and 
9. The mixture became homogeneous and the temperature was 
kept below 50°. The mixture was then diluted with water (2 vols.), 
shaken with the smallest quantity of ether necessary to remove 
insoluble impurities, saturated with sodium chloride, and extracted 
five times with ether. The dried extracts, on removal of the ether, 
left a residue, which was heated in a vacuum at 50 — 60°. The 
glycerol-like substance remaining solidified after some months or 
more quickly on generous seeding. After being drained on porous 
plate and recrystallised from benzene-petroleum (b. p. 100 — 120°) 
or, better, from ether-amyl ether, ethyl di(hydroxymethyl)malonate 
was obtained in colourless elongated prisms, m. p. 52 — 53° (Found : 
C, 49*1, 48*9; H, 7*1, 7*2; OEt, 40*1. C 9 H 16 0 6 requires C, 49*1 ; 
BE, 7*3 ; OEt, 40*9%). This ester has an intensely bitter taste and 
is very soluble in water, alcohol, ether, and benzene and slightly 
soluble in light petroleum and amyl ether. It is decomposed by 
heat into formaldehyde, water, alcohol, carbon dioxide, small 

* Such condensations appear to be general and experiments with form- 
aldehyde and ethyl butane-aa/2-tricarboxylate are in progress with a view to 
the synthesis of piloearpie acid (Jowett, J., 1901, 79, 1331). 



WITH FORMALDEHYDE, PART I. 


259 


quantities of ethyl acrylate and ethyl methylenemalonate and a 
large quantity of high-boiling tar. 

The diphenylcarbamate , prepared by the action of phenylcarb- 
imide (5 g.) on ethyl di(hydroxymethyl)malonate (5 g.) during one 
week at the room temperature, crystallised from alcohol in needles 
(S g.), m. p. 161° (Pound : 0, 60-0; H, 5*8; N, 6*3. C 23 H 26 0 8 N 2 
requires C, 60*3; H, 5*7; 1ST, 6*1%). Ethyl di(hydroxymethyl) - 
malonate sulphite , prepared by the action of thionyl chloride (11*8 g.) 
on ethyl di(hydroxymethyl)maionate (22 g.) in anhydrous ether for 
6 hours, distilled as a colourless oil (19 g.), b. p. 166°/20 mm. (Pound : 
C, 40*6 ; H, 5*3. C ? H 14 0 7 S requires C, 40*6 ; H, 5*2%). 

at-Iodomethylacrylic Acid . — Ethyl di(hydroxymethyl)malonate 
(10 g.) and hydriodic acid (d 1*71 ; 66 g.) were boiled for 45 minutes, 
ethyl iodide and carbon dioxide being evolved. After cooling and 
standing for 1 hour, the solid (7 g., m. p. 95 — 100°) was collected, 
washed with a little water, and rapidly recrystallised from boiling 
water; it separated in cream-coloured plates, m. p. 104 — 106° 
(slight decomp.). A somewhat purer specimen (m. p. 106 — 107°) 
of the same substance was obtained by subjecting ethyl di(hydroxy- 
methyl)malonate to a preliminary hydrolysis with 3% sulphuric 
acid at 120 — 140°, and treating the crude acid (which rapidly poly- 
merises) with cold hydriodic acid (Found : C, 22*6 ; H, 2*4 ; M 9 
ebullioscopic in ether, 220. C 4 H 5 0 2 I requires C, 22*6 ; H, 2*4% ; 
M, 212). oc-Iodomethylacrylic acid rapidly turns brown on exposure 
to light and air. 

Reduction of a-Iodomethylacrylic Acid. — Ethyl di(hydroxymethyl)- 
malonate (25 g.) was converted into iodomethylacrylic acid by 
heating with hydriodic acid as described above, Red phosphorus 
(7 g.) and hydriodic acid (30 g.) were then added and the mixture 
was boiled for 10 hours. After dilution with an equal volume of 
water, the mixture was steam-distilled ; the distillate was neutral- 
ised with sodium hydroxide and evaporated to dryness. Excess of 
50% sulphuric acid was added; the liberated acid, isolated by 
extraction with ether, boiled at 150 — 160°. It was converted into 
the chloride by the action of the theoretical quantity of boiling 
thionyl chloride for 20 minutes, and the product poured into an 
excess of aniline (6 g,). After being heated on the water-bath for 
20 minutes, the product was poured into an excess of dilute hydro- 
chloric acid; the solid obtained, after recrystallisation from dilute 
alcohol, melted at 103 — 105°, alone or in admixture with authentic 
^obutyranilide. 

Ethyl (Hydroxymethyl)malonate (II). — Formalin (10 g.), ethyl 
malonate (60 g.), and enough alcohol to give a homogeneous mixture 
were mixed with a few drops of BJD.H, Universal Indicator, and 
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sodium hydroxide solution added to produce p K 9. After 24 hours, 
the mixture was rendered faintly acid, diluted with water, and ex- 
tracted with ether. After drying and removal of the solvent, the 
excess of ethyl malonate was distilled off in a vacuum, leaving ethyl 
(hydroxymethyl)malonate as an oil, which was almost without 
action on dilute potassium permanganate solution. Treated with 
phenylcarbimide, the ester gave diphenylurea, m. p. 238°. 

Condensation of Ethyl Di{hydroxymeihyl)malonate with Ethyl 
Malonate. — ( a ) Ethyl di(hydroxymethyl)malonate (10 g.) 3 ethyl 
malonate (20 g.), and piperidine, triethylamine or alcoholic potass- 
ium hydroxide (a few drops) were heated for 6 hours in the 
water-bath. On cooling and standing over-night, crystals separated. 
The whole was then fractionated, giving : (i) ethyl methylene- 

dimalonate (10 g.), b. p. 140 — 180°/5 mm., which on hydrolysis 
gave glutaric acid, m. p. 95 — 97°, not depressed by admixture with 
an authentic specimen ; (ii) ethyl pentane- aayyee-hexacarboxylate 
(10 g.), b. p. 180 — 240°/5 mm., which solidified and, after being 
drained and recrystallised from alcohol, melted at 52 — 53° (Pound : 
C, 54*9; H, 7*0. Calc, for C2 3 H 36 0 12 : C, 54-8; H, 7*1%). 

(b) A similar experiment with 60 g. of ethyl malonate instead of 
20 g. yielded ethyl methylenedimalonate (27 g.) but no pentane 
derivative (IV). 

(c) The condensation (a) was repeated, but, after the preliminary 
heating, the product was mixed with ethyl malonate (35 g.) and a 
few drops of piperidine and heated for a further 6 hours. Ethyl 
pentane- aayyee-hexacarboxylate (10 g.) was isolated after removal 
of the excess of ethyl malonate. 

Ethyl (hydroxymethyl)ethylmalonate, prepared by condensing ethyl 
ethylmalonate (20 g.) and formalin (30 g.) for 48 hours under the 
conditions employed for the condensation of formalin with ethyl 
malonate, was obtained as an oil (15 g.), b. p. 105 — 107°/4 mm. 
(Pound: C, 54*8; H, 8*3. C 10 H 18 O 5 requires C, 55*0; H, 8*3%). 
The phenylcarbamate crystallised from dilute methyl alcohol in 
plates, m. p. 63 — 64° (Found : C, 60*5 ; H, 6*9. C 17 H 23 0 5 N 
requires C, 60*5 ; H, 6*8%). 

Ethyl (hydroxymethyl)ethylmalonate (2 g.), ethyl malonate (5 g.), 
and piperidine (1 drop) were heated on the water-bath for 5 days. 
Distillation then yielded ethyl ethylmalonate, b. p. 90 — 100°/12 mm., 
and ethyl methylenedimalonate, b. p. 190 — 200°/12 mm., which 
was hydrolysed to glutaric acid, m. p. 94 — 96°. 

No apparent reaction took place on the water-bath between 
ethyl (hydroxymethyl)ethylmalonate and ethyl ethylmalonate in 
the presence of piperidine. At 130 — 140°, alcohol was eliminated, 
but nothing further could be isolated from the product. 
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Condensation of Ethyl Methylenemalonate with Ethyl Malonate and 
with Ethyl Methylenedimalonate. — Ethyl methylenemalonate (freshly 
distilled) (2 g.) and ethyl malonate were mixed and methyl- alcoholic 
potassium hydroxide (1 drop) was added; considerable heat was 
evolved. After standing in the cold for 1 hour, the product was 
unreactive to dilute potassium permanganate solution and on 
distillation gave ethyl methylenedimalonate (3 g.), as proved by 
conversion into glutaric acid. 

Under the same conditions, the condensation with ethyl methyl- 
enedimalonate was complete after 1 hour’s heating on the water- 
bath ; the mixture solidified on cooling and was proved to be ethyl 
pentane- aayyss-hexacarboxylate by the mixed m. p. method. 

The author wishes to thank the Chemical Society for a grant 
which has partly defrayed the cost of the materials used in this 
research. 

University or Melbourne. [Received, October 28th, 1929.] 


XXXIX . — Colloidal Phenoxides. Part II. Some 
Phenanthraxanthones. 

By Wilson Baker. 

A number of derivatives of 7-hydroxybenzo-y-pyrone containing 
aromatic groups in positions 2 and 3 dissolve in hot aqueous alkaline 
solutions and yield gels on cooling. The relationships existing be- 
tween the chemical constitution and the capability of forming gels 
in these compounds was established in Part I (Baker and Eastwood, 
J., 1929, 2897), and the ultimate object of the work was indicated. 
Briefly, this was to prepare a substance which should give a gel in 
alkaline solutions and at the same time exhibit fluorescence, so 
that by examination in ultra-violet light the structure of the gel 
might be visible. 

The simplest derivative of benzo-y-pyrone which gives a gel is 
7-hydroxy-2 : 3-diphenylbenzo-y-pyrone (I), and the attempt to 
make the molecule fluoresce while retaining the colloidal properties 
is described in this paper. The work recorded in Part I showed 
that only minor changes could be made in the molecule (I) without 
destroying the desired physical properties of the alkali salts. Such 
changes as can be made within these limitations consist of alter- 
ation of the substituents in positions 2 and 3 (introduction of a 
p-methoxy-group, replacement of phenyl by styryl) and the intro- 
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duetion of a further hydroxyl group in position 5. No such changes 
can be expected, nor are found, to increase appreciably the fluor- 
escence of the substance (I), and it was obvious that some other 
type of simple alteration to the molecule was necessary. Attention 
was therefore directed to the synthesis of 10-hydroxyphenanthra - 
xanthone* (II), in which the two phenyl nuclei are united, so that 
the substance, being a phenanthrene derivative, might be expected 
to possess an enhanced fluorescence. 

OMe 



the optical properties of the alkali salts of the substance are such 
that it is very doubtful if it will serve the purpose for which it was 
intended. The gels are unstable and without appreciable fluor- 
escence. 

The ring closure between the two phenyl nuclei was effected by 
means of Pschorr’s phenanthrene synthesis, and in order to study 
the conditions of the reaction use was made of the readily accessible 
7 - methoxy - 3 -phenyl - 2 - (6 -nitro- 3 : 4:-dimethoxyphenyl)benzo-y-pyrone 
(III). This substance was prepared by the nitration of 7-methoxy- 
3-phenyl-2-(3 : 4-dimethoxyphenyl)benzo-y-pyrone (Part I, loc . cit.) 
in acetic acid solution, the position of the nitro-group being inferred 
from the great reactivity of the veratryl nucleus in position 6, and 
the success of the subsequent ring closure. Reduction with tin and 
hydrochloric acid gave 7-methoxy-3-phenyl-2-(Q-amino-3'A-dimethoxy« 
phenyl)benzo-y-pyrone i and a methyl-alcoholic solution of the 
sulphate of this base, when diazotised and subsequently boiled, 
deposited the very sparingly soluble 6:7: 10 -trimethoxyphenanthra- 
xanthone (IV) in 70% yield. This compound was demethylated 
by boiling with hydrobromic acid and acetic acid, giving 6:7: I04ri- 
kydroxyphenanthraxanthone . The high yield of (IV) is doubtless to 
be attributed to the spatial arrangement of the o-nitrophenyl and 

* At the suggestion of the Editor the parent substance has received the 
name “ phenanthraxanthone *’ with the numbering shown. The formula (II) 
should be inverted, but in order not to confuse the relation of the substance 
to the diphenylbenzo-y-pyrone from which it is prepared, the representation 
above is adopted in this paper. 
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the phenyl group, cis4rans isomerism about the ethylenic linkage 
being impossible. 


OMe 



The synthesis of (II) was effected as follows. When 2 : 4-di- 
hydroxyphenyl benzyl ketone was heated under carefully defined 
conditions with o-nitrobenzoic anhydride and sodium o-nitrobenzoate 
and the product was hydrolysed with alcoholic potassium hydroxide, 
7-hydroxy-3-phenyl-2-o-nitrophenylbenzo-y-pyrone (V) was obtained. 
The methyl ether of this compound was reduced with tin and hydro- 
chloric acid to the base l-methoxy-^-phenyl-2-o-aminophenylbenzo - 
y-pyrone, and diazotisation of this substance in the manner de- 
scribed above yielded IQ-methoxypheiwnthraxanthone , from which 
10 -hydroxyphenanthraxanthone (II) was obtained by demethylation 
with hydrobromic acid in acetic acid. 

Owing to difficulties encountered in the preparation of (V), the 
synthesis of (II) was attempted in another way. o-Nitrophenyl- 
acetonitrile was condensed with resorcinol under the conditions of 
the Hoesch reaction, giving 2 : 4 -dihydroxyphenyl o-nitrobenzyl 
Jcetone; this, when heated with benzoic anhydride and sodium 
benzoate, yielded a product which gave 7 -hydroxy -2-phenyl-Z-o- 
nitrophenylbenzo-y-pyrone (VI) on hydrolysis. The corresponding 
methyl ether, however, when reduced with tin and hydrochloric 
acid or with ferrous sulphate and ammonia, yielded, not a primary 
base, but an uncrystallisable substance showing some of the pro- 
perties of a secondary amine. It is possible that ring closure may 
occur between the amino-group first produced and the carbonyl 
group, and that further reduction then takes place. 

Experimental. 

7 -Methoxy-%-phenyl-2~(6-nitro-3 : 4:-dimethoxyphenyl)benzo~y- 
pyrone(TLT). — 7-Hydroxy-3-phenyl-2-(3 : 4-dimethoxyphenyl)benzo- 
y-pyrone (Part I, loc, cit.) (10 g.) was dissolved in warm glacial acetic 
acid (75 c.c.), and to the cooled solution was added a mixture of 
glacial acetic acid (50 c.c.) and concentrated nitric acid (50 c.c. ; 
d 1*42). After 2 hours, the red solution was poured into water, and 
the precipitated nitro- compound collected ; it crystallised from 
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alcohol, in which it was sparingly soluble, in light yellow, thick, 
diamond-shaped plates (or hexagonal plates), m. p. 222° (Found : 
C, 66-0; H, 4*6; N, 3*5. C 24 H 19 0 7 N requires C, 66-5; H, 4*4; N, 
3*2%). In contrast to the unnitrated substance, this compound 
shows no basic properties towards hydrochloric acid. 

7 - M ethoxy - 3 phenyl - 2 - (6 - amino -3:4- dimethoxyphenyl)benzo - y - 
pyrone. — The finely powdered nitro-compound (III) (10 g.), alcohol 
(300 c.c.), finely divided granulated tin (25 g.), and concentrated 
hydrochloric acid (60 c.c.) were gently boiled for 6 hours; alcohol 
(100 c.c.) was then removed by distillation. The filtered solution 
deposited thick, hexagonal, light yellow plates of the stannichloride , 
which were collected after 12 hours and washed with a little alcohol 
(yield, 8*7 g.). The substance slowly darkens from 200° and 
melts with decomposition at about 240° [Found : C, 49*6; H, 4*2. 
(C 24 H 19 0 5 NH 2 ,HCl) 2 SnCl 4 requires C, 50*5; H, 3*9%]. The 
stannichloride (2*5 g.) was dissolved in hot 50% alcohol (50 c.c.) 
containing concentrated hydrochloric acid (1 c.c.) and a rapid 
stream of hydrogen sulphide was passed through the hot solution. 
When the filtered, tin-free liquid was treated with an excess of con- 
centrated aqueous ammonia, the free ammo-compound separated 
in small, sulphur-yellow, diamond-shaped plates, m. p. 208° (Found : 
C, 71*3; H, 5*4; N, 3*7. C^H^OgN requires C, 71*4; H, 5*3; N, 
3*5%). Yield, 7 g. from 10 g. of the nitro-compound. The hydro- 
chloride separates from 50% alcoholic hydrochloric acid in very pale 
yellow, hexagonal plates (Found : N, 3*2; Cl, 7*7. C^H^OgNjHCl 
requires N, 3*2 ; Cl, 8*1%). It slowly becomes more yellow at 100° 
owing to loss of hydrogen chloride ; the same change takes place 
on heating with water or organic solvents or in a vacuum over 
sodium hydroxide. 

6:7: 1 0 - Trimethoxyphenanthraxantkone (IY). — The preceding 
amino-compound (1 g.) was dissolved in a warm mixture of methyl 
alcohol (120 c.c.) and concentrated sulphuric acid (2 g.) and cooled 
to —-10°. A 5% aqueous solution of sodium nitrite (13*9 c.c.) was 
then added during J hour, and the solution subsequently kept at 
0° for 2 days. The liquid, which now contained a small amount of 
crystalline material, was boiled under reflux for \ hour, colourless 
needles being deposited. These were separated from the hot 
liquid by filtration, washed with much alcohol and with water, 
and dried (yield, 0*7 g.) ; m. p. 232 — 233° (Found : C, 74*3 ; H, 4*8. 
C 24 H i 8°5 requires C, 74*6; H, 4*7%). 6:7:10 -Trimethoxy- 
phenanthraxanthone is almost insoluble in most organic solvents. 
It separates from a large volume of boiling glacial acetic acid in 
hair-like needles. It dissolves in concentrated sulphuric acid 
to an orange-yellow solution which exhibits no fluorescence, and 
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shows feebly basic properties towards concentrated hydrochloric 
acid. 

6:7: 10 -Trihydroxyphenanthraxanthone. — The attempted de- 
methylation of the trimethoxyphenanthraxanthone (IV) with 
hydriodic acid, or hydriodic acid in acetic acid, was unsatisfactory, 
owing to the precipitation of an insoluble dark-green hydriodide of 
the methylated compound. 

6:7: 10-Trimethoxyphenanthraxanthone (0*5 g.) was boiled 
with glacial acetic acid (25 c.c.) and hydrobromic acid (25 c.c. ; 
d 1*5) for 8 hours. After 2f hours, the solution began to deposit 
orange crystals of a hydrobromide, which gradually increased in 
amount, and were finally collected and washed with very dilute 
sodium bicarbonate solution and with water ; the free trihydroxy- 
phenanthraxanthone was then obtained as a pale yellow powder. 
By dissolving it in a large volume of boiling alcohol and filtering 
and concentrating the solution, it was obtained in small blunt-ended 
prisms, which when rapidly heated melted at 318 — 319° with much 
darkening. The substance contains alcohol of crystallisation which 
is lost at 110°, the crystals becoming opaque (Found : C, 70-9 ; 
H, 5*3. Found in material dried at 110°: C, 72*9; H, 3*9. 
C 2 iHi 2 0 5 ,Et0H requires C, 70*8; H, 4*7%. C 21 H 12 0 5 requires 
C, 73*3; H, 3*5%). 6 : 7 : 10-Trihydroxyphenanthraxanthone as a 
xanthone derivative with vicinal hydroxyl groups is a w r eak mordant 
dye. On cotton mordanted with iron, aluminium and tin, it gives 
greyish-brown, pale lemon-yellow, and bright yellow shades re- 
spectively. Its alcoholic solution develops an intense dull bluish- 
green colour with ferric chloride. 

o-Nitrobenzoic Anhydride. — This was prepared by a modification 
of the method of D.R.-P. 201325 (compare Robinson and Venka- 
taraman, J., 1929, 63). o-Nitrobenzoic acid (33*4 g.) was dissolved 
in a mixture of dry ether (50 c.c.) and pyridine (15*8 g,), and a 
solution of thionyl chloride (11*9 g.) in ether (50 c.c.) was added 
with vigorous shaking. After 24 hours, ice and dilute hydrochloric 
acid were added and the solid product was collected, washed suc- 
cessively with dilute hydrochloric acid, sodium bicarbonate solution, 
and much water, and dried at first in the air, then at 100°. The 
anhydride (24 g.) formed a white crystalline powder, m. p. 126 — 
128°. Bischoff and Rach (Ber., 1884, 17 , 2789) state that the 
substance is explosive, but the author is unable to confirm this. 
The anhydride can be heated to 200° without decomposition, and 
when heated as rapidly as possible to very high temperatures in a 
small. tube it decomposes suddenly but without explosion. 

7 - Hydroxy - 3 - ' phenyl - 2 - o- nitrophenylbenzo - y - pyrone (V) .-—The 
interaction of o-nitrobenzoic anhydride, 2 : 4-dihydroxyphenyl 
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benzyl ketone, and sodium o-nitrobenzoate under the ordinary 
conditions of the chromone synthesis (180° for 10 hours) gives a 
negligible yield of the desired product. After many failures, the 
following method was found to give fairly satisfactory results and 
the o-nitrobenzoic acid was recoverable. 

2 : 4-Dihydroxyphenyl benzyl ketone (4 g.), o-nitrobenzoic 
anhydride (16 g.), and sodium o-nitrobenzoate (4 g.) were heated at 
153° (anisole vapour bath) for 2\ hours. The product was dissolved 
in hot 90% alcohol (60 c.c.) and boiled with potassium hydroxide 
(8 g.), dissolved in a little water, for 2 minutes. The solution was 
diluted with water (200 c.c.) and saturated with carbon dioxide and 
the precipitate was collected, washed, and crystallised from alcohol 
(charcoal) (yield, 1*1 g.). A further recrystallisation from alcohol 
yielded pale yellow prisms, m. p. 268° (Found : N, 3-9. C 21 H 13 0 5 N 
requires N, 3*9%). The methyl ether, prepared quantitatively by 
the action of methyl sulphate and alkali upon a 50% acetone-alcohol 
solution of the compound, crystallised from alcohol in pale yellow, 
highly refracting, four-sided bi-pyramids, m. p. 183° (Found : C, 
70*8 ; H, 4*1. C 22 H 15 0 5 N requires C, 70*8 ; H, 4*1%). 

7-Methoxy-3-phenyl-2-o-aminophenylbenzo-y-pyrone. — The preced- 
ing methyl ether (3*5 g.), alcohol (200 c.c.), granulated tin (20 g.), 
and concentrated hydrochloric acid (50 c.c.) were boiled for 6 hours. 
The solution was diluted with water and treated while hot with 
hydrogen sulphide and the tin-free filtrate was rendered alkaline 
with excess of ammonia solution and at once filtered from a small 
amount of flocculent material. The base crystallised completely 
on further dilution (yield, 3*2 g.) ; on recrystallisation from alcohol 
it formed thin, pale-yellow, diamond-shaped plates, in. p. 213° 
(Found: N, 4*4. C 22 H 17 0 3 lSr requires Mt, 4*1%). 

10 -Methoxyphenanthrccxanthone. — The preceding base (1 g.) was 
dissolved in warm methyl alcohol (120 c.c.) containing concentrated 
sulphuric acid (2 g.), cooled to —10°, and diazotised by the gradual 
addition of 5% aqueous sodium nitrite (10*2 c.c.). The solution 
was kept for 24 hours at 0° and then boiled for J hour and the crystal- 
line precipitate was collected, washed with water and alcohol, and 
recrystallised from glacial acetic acid, in which it was very sparingly 
soluble. It separated in very pale yellow prisms, m. p. 248 — 249° 
(Found: C , 80*8; H, 4*3. requires C, 81*0; H, 4*3%). 

The solution in concentrated sulphuric acid is yellow and slowly 
develops a strong blue fluorescence. 

10 -Hydroxyphenanthraxanthone (II). — The preceding compound 
(0*4 g.) was boiled for 12 hours with glacial acetic acid (60 c.c.) and 
hydrobromic acid (20 c.c. ; d 1*5). The product which separated on 
cooling was collected and acetylated by boiling for 1 hour with acetic 
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anhydride and a drop of pyridine. The acetyl derivative sub- 
sequently separated in colourless prisms, m. p. 234 — 235°. Hydro- 
lysis of this compound was effected by boiling its alcoholic sus- 
pension with a few drops of aqueous sodium hydroxide ; a yellow 
solution exhibiting a weak green fluorescence was then produced. 
Acidification threw down a gelatinous precipitate, which, after 
boiling with water, was collected and pressed on porous earthen- 
ware. The substance was now dissolved in a large volume of boiling 
glacial acetic acid (charcoal) ; after concentration to a small bulk, 
the solution deposited bunches of fine colourless needles, m. p. 
325 — 326° with slight darkening (Found : C, 80*5 ; H, 3*9. c 21 h 12 0 3 
requires C, 808; H, 3-9%). 

10 -Hydroxyphenanthraxanthone dissolves in dilute aqueous sodium 
hydroxide to a yellow solution which sets to a turbid gel on cooling. 
The gel has no marked fluorescence and, unlike those described in 
Part I, is not very stable and shows a great tendency to deposit the 
alkali salt as a fibrous curd. The solution of 10-hydroxyphen- 
anthraxanthone in concentrated sulphuric acid is yellow and slowly 
develops a greenish-blue fluorescence. 

0 - Nitrophenylacetonitrile. — o-Nitrophenylpyruvic acid was pre- 
pared by the modification of Reissert’s method (Ber., 1897, 30, 
1036) suggested by Gulland and Haworth (J., 1928, 585). The 
oxime of this acid (Reissert, Ber., 1908, 41, 3813) was readily con- 
verted into o-nitrophenylacetonitrile by warming it with its own 
weight of acetic anhydride; a vigorous reaction rapidly occurred, 
after a few minutes water was added, and the crystalline nitrile, 
which separated on shaking, was collected, washed, and dried 
(yield, almost quantitative) . 

2 : 4:-Dihydrozyphenyl o-Nitrobenzyl Ketone. — A mixture of 
o-nitrophenylacetqnitrile (10 g.) and resorcinol (20 g.) in anhydrous 
ether (300 c.c.) was saturated with a rapid stream of hydrogen 
chloride without external cooling until all had dissolved. Powdered 
zinc chloride (10 g.) was then added and the solution was cooled to 
0° and again saturated with hydrogen chloride. After 48 hours, 
water was added and the ketimine hydrolysed by heating on the 
steam-bath for 1 hour. The solid ketone (10*5 g.), which separated 
on cooling, was used directly for the preparation of the benzo- 
y-pyrone (VI). The pure substance separates from dilute alcohol 
(charcoal) in very pale yellow, prismatic needles, m. p. 159 — 161° 
(Found: N, 5*2. C 14 H n 0 5 N requires N, 5*1%). Its alcoholic 
solution gives a deep reddish-brown coloration with ferric chloride. 
The solution in aqueous sodium hydroxide is yellow. 

1 - Hydroxy -2-phenyl-^-o-nitrophenylbenzo-y-py rone (VI). — The pre- 
ceding ketone (10 g.), benzoic anhydride (75 g.), and sodium benzoate 



268 BALABAN : AST INVESTIGATION INTO THE FORMATION 

(10 g.) were stirred and heated at 180 — 190° for 6 hours. The 
product was dissolved in alcohol (200 c.c.), heated for 20 minutes 
with potassium hydroxide (40 g.) in water (100 c.c.), diluted with a 
large volume of water, and saturated with carbon dioxide. The 
pyrene was used without further purification for the preparation of 
its methyl ether. The pure substance separates from a small 
amount of alcohol in very pale yellow octahedra, m. p. 267° (Found : 
N, 4-1. C 21 H 13 0 5 N requires N, 3-9%). 

The methyl ether, prepared in the same manner as the methyl 
ether of (V), crystallised from alcohol in colourless prismatic needles, 
m. p. 178° (Found : C, 70*7 ; H, 3*9. C 22 H 15 05 N requires C, 70*8 ; 
H, 4*0%). The reduction of this compound in the manner de- 
scribed for the reduction of the methyl ether of (V) gave a light 
yellow powder, which could not be obtained in the crystalline state. 
The substance, which is very readily soluble in all the common 
organic solvents except light petroleum, develops a greenish tint 
on exposure to light, and cannot be diazotised. It gives a weak 
Liebermann’s nitroso-reaction. A similar result was obtained by 
reduction with ferrous sulphate and ammonia. 

The author wishes to record his thanks to Miss F. M. Eastwood, 
B.A., B.Sc., for carrying out the preliminary experiments with 
o-nitrobenzoic anhydride, and to Dr. J. M. Gulland for advice in 
connexion with the phenanthrene ring closure. 

The Dysox Perrins Laboratory, 

Oxford; [Received, December 23rd, 1929.] 


XL . — An Investigation into the Formation of 
4c(5yAminoglyoxalines . Part I. 

By Isidore Elkanah Balaban. 

The only evidence at present (Fargher, J., 1920, 117, 668 ; Pyman, 
J., 1922, 121, 2616) that 4(5)-aminoglyoxalines are true aromatic 
amines is the formation, after diazotisation, of coloured solutions 
with aqueous sodium (3-naphthoxide . In order to submit examples 
of them to typical reactions characteristic of aromatic amines, it 
seemed desirable to commence a detailed study of their formation 
and stability. They have hitherto been prepared by the reduction 
of 4(5)-nitroglyoxalines and 4(5)-benzeneazoglyoxalines (Fargher 
and Pyman, J., 1919, 115, 235; Windaus and Langenbeck, JBer., 
1923, 56, 685). 

Reduction of 4(5)-nitro-2-methyl- and of 4(5)-nitro-glyoxalines 
with iron and water (and a drop of acetic acid), ferrous sulphate 



269 


of 4(5)-aminoglyoxalines. pabt i. 

and sodium hydroxide, sodium sulphide, or activated aluminium 
or by West’s method, (J., 1925, 127, 494) gave no basic material; 
the dark blue solutions mentioned by previous workers were, however, 
often obtained. (Catalytic hydrogenation is under investigation.) 

The present communication deals mainly with the application 
of the Curtius synthesis of amines to ethyl glyoxaline-4(5)-carb- 
oxylate (I). When this ester is heated with hydrazine hydrate, 
glyoxalineA(5)-carboxyhydmzide (II) is obtained, which is con- 
verted by treatment with nitrous acid into glyoxaline-4:(5)-carboxy- 
azide (III) : this compound, heated with ethyl alcohol on the water- 
bath, yields 4z(5)-carbethoxyaminoglyoxaline (IV). Similarly, with 
methyl alcohol, the carbomethoxyamino-deTiv&tivQ can be prepared. 

NHo-NH-OC-C— : N 3 
(I.) (II.) (HI.) 


HC-! 

EtOoC'C- 


-N' 


CH 


hchst 
OC-O— N- 


■CH 


N0 2 -q-NH >CH 
{ ’ EtO»OHN-C -MT 


H tr 

EtO.C-HN'C- 


-mi 
— N : 


:>CH (iv.) 


Attempts to convert the azide by boiling with water into the 
5 -carbamide failed : the solution gave an intense Pauly reaction, 
but an amorphous picrate only could be isolated. The carbo- 
methoxy- and carbethoxy-amino-derivatives were recovered to the 
extent of about 30% and 50% respectively after boiling with hydro- 
chloric acid, and attempts to obtain 4(5)-aminoglyoxaline by heating 
them with 2V-hydrochloric acid in a sealed tube at 150° or with 
concentrated sulphuric acid on the water-bath were likewise un- 
successful. Satisfactory hydrolysis also could not be effected with 
10% aqueous sodium carbonate or boiling 2V-sodium hydroxide. 
The phthalimido-derivative, which might be quantitatively hydro- 
lysed to the amine (compare Ing and Manske, J., 1926, 2348), could 
not be prepared. The os-carbamide was not formed when the 
carbethoxyamino-derivative was heated with 3*5% alcoholic 
ammonia at 150°. 4( 5)-Nitro-5(4:)-carbethoxyaminoglyoxaline (V), 

notwithstanding the presence of a nitro-group in the o-position 
with respect to the substituted amino-group, also could not be con- 
verted by hydrolysis with 10% aqueous sodium carbonate into the 
corresponding amine. 

Balaban and Pyman (J., 1924, 125, 1565) and Sarasin and Weg- 
mann (Helv. Chim . Acta , 1924, 7, 713) have shown that the halogen 
atom in 5-chloro-4-nitro-l-methylglyoxaline (VI) can be replaced 
by the sulpho- and the cyano-group. The compound does not 
react with aqueous ammonia or acetamide, but when it is heated 



270 balaban : an investigation into the eoemation 


with 3*5% alcoholic ammonia at 140° 4:-nitro-&-aftiinoA-wiethyl- 
glyoxaline (VII) is obtained in good yield. This amine does not 
form an acetyl or a benzylidene derivative, but after treatment 
with nitrous acid it gives with alkaline p-naphthol a greenish-blue 
insoluble dye and with alkaline resorcinol a violet solution, whereas 
with sodium hydroxide only a pale yellow colour is obtained. The 
amine is rapidly decomposed by 16% hydrochloric acid (or even 7%) 
at room temperature, nitrous acid being liberated and a compound, 
m. p. 140°, formed : this is presumably oc-methylamino-u-hydroxy- 
acetamide (IX), because when it is boiled with aqueous sodium 
hydroxide it yields ammonia and methylamine. Owing to the 


ClC-NMe- 
NXVC — N : 


(VI.) 



F 2 

(vn.) 


r 2 -CH-NHMel HO^H-NHMe 

" CO*NH<> J CO*NH 2 

(VIII.) - (IX.) 


mild conditions of hydrolysis, fission occurs at the 1 : 2- and the 
2 : 3-positions of (VII), formic acid being split off [compare the 
formation of dibenzoyldiaminoethylene from glyoxaline (Bamberger 
and Berle, Ber ., 1892, 25, 278) and of d^alanine-X-methylamidine 
from 5 -amino -1 : 4-dimethylglyoxaline (Pyman, loc. tit.)]. The 
substance (VIII) is then acted upon by the liberated nitrous acid, 
hydroxyl being substituted for the amino-group. The formation of 
glyoxylic acid on alkaline hydrolysis of the amide (IX), and its 
subsequent conversion into glycollic acid, must be presumed, for 
the only identifiable acid obtained was oxalic acid. As Bottinger 
(Annahn, 1879, 198, 217) has shown that ammonium a-amino- 
a-hydroxyacetate is decomposed by boiling water, the possibility 
of obtaining the acid corresponding to (IX) and its conversion 
directly into methylamine and glyoxylic acid was very remote. 


Experimental. 

For the preparation of glyoxaline-4(5)-carboxylic acid (Fargher 
and Pyman, loc. cit. ; Balaban and Pyman, J., 1922, 121, 954) it is 
unnecessary to isolate the carboxyanilide. After removal of un- 
changed glyoxaline-4 : 5-dicarboxyHc acid, the acid solution is con- 
centrated to 25 c.c. and treated with concentrated hydrochloric 
acid (250 c.c.) ; 50 g. of the dicarboxylic acid give about 20 g. of 
glyoxaline-4(5)-carboxylic acid. 

Glyoxaline-4:{5)-carboxyhydrazide (II). — When a mixture of 5*6 g. 
of ethyl glyoxaline-4(5) -carboxylate and hydrazine hydrate (4*0 c.c. ; 
2 naols.) was heated on the water-bath, solution took place in 15 
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minutes ; after a further 15 minutes, when the solution was cooled, 
the hydrazide (5-0 g.), m. p. 210°, separated in almost quantitative 
yield. It crystallised from boiling water, in which it was fairly 
readily soluble, in long, colourless, silky needles containing 1H 2 0, 
m. p. 213° (Found for air-dried substance : loss at 100°, 12*5, 12*8. 
C 4 H 6 0N 4 ,H 2 0 requires H 2 0, 12*5%. Found in dried material : 
1ST, 45*1,43*6; 0,37*9; H, 4*9. C 4 H 6 ON 4 requires N, 44*4 ; 0,38*1; 
H, 4*8%). The hydrazide is moderately easily soluble in alcohol 
but insoluble in benzene, chloroform, and ether. It reduces ammoni- 
acal silver nitrate slowly, but not Fehling’s solution. 

The pier ate crystallises from water (1 in 85 parts of boiling water) 
in anhydrous yellow needles, m. p. 223° (decomp.) (Found in air- 
dried salt by nitron estimation : picric acid, 64*8. 

C 4 H 6 0N 4 ,C 6 H 3 0 7 N 3 
requires picric acid, 64*5%). 

Glyoxaline-4:(5)-carboxyazide (III). — A mixture of the hydrazide 
(6*3 g.), concentrated hydrochloric acid (7*0 c.c.), and a little ice 
was treated at 0° with sodium nitrite (7*0 g. in 15 c.c. of water). 
After 15 minutes, the azide was collected and washed with ice- 
water, 8*0 g. of slightly moist material, decomp. 137° (explosively), 
being obtained [Found in material dried at 100° : N (Dumas), 
51*1. C 4 H 3 ON 6 requires N, 51*0%]. It crystallised from 95% 
alcohol in minute stout rods. 

When the azide is heated with water on the water-bath, gas is 
evolved and a dark green solution is produced, from which a picrate 
can be obtained ; this chars at 230° after previous darkening (Found 
in dried material : picric acid, 66*4. C 7 H 8 0N 6 ,2C 6 H 3 0 7 N 3 requires 
picric acid, 69*4%). Attempts to regenerate the base from the 
picrate were unsuccessful. 

4(. 5)-Carbethoxyaminoglyoxaline (IV). — The azide (6*3 g.) was 
heated under reflux with absolute ethyl alcohol (50 c.c.) for 4 hours, 
the solvent removed, the residue dissolved in a little dilute hydro- 
chloric acid and treated with charcoal, and the filtered solution 
concentrated to a few c.c. and basified with anhydrous sodium 
carbonate; the earbethoxyamino * derivative (3*0 g. ; yield, 42*2%) 
obtained crystallised from boiling water, in which it was readily 
soluble, in anhydrous, colourless, hexagonal plates, m. p. 180° 
(Found in dried material : 3ST, 27*2. C 6 H 0 O a N 3 requires N, 27*1%), 
It is very soluble in alcohol, moderately easily soluble in benzene, 
sparingly in chloroform, but insoluble in ether. With Pauly’s re- 
agent it gives a deep red solution. The hydrochloride regenerated 
from the picrate was obtained as a gum, which did not crystallise. 

The pierage crystallises from boiling water (1 in 60 parts) in 
anhydrous, golden, hexagonal, prismatic needles, decomp* 210° 
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(sintering from 203°) (Found in substance dried at 100° : picric 
acid, 59-6, 59*8. C 6 H 9 0 2 N 3 ,C 6 H 3 0 7 N 3 requires picric acid, 59*6%). 

The nitrate crystallises from water, in which it is moderately 
easily soluble, in anhydrous, colourless, hexagonal prisms, decomp. 
143° (Found in salt dried at 100° : nitric acid, by nitron method, 
29*1. C 6 H 9 0 2 N 3 ,HN0 3 requires nitric acid, 28*9%). 

4 (5)-Carbomethoxyaminoglyoxaline, similarly prepared from the 
azide and methyl alcohol (yield, about 50%), crystallises from water 
(1 in 8 parts, boiling) in anhydrous diamond-shaped plates, m. p. 
175° (Found in material dried at 100° : N, 30*3. C 5 H 7 0 2 N 3 requires 
N, 29*8%). It is very soluble in alcohol, sparingly soluble in ether, 
and insoluble in benzene and chloroform. With Pauly’s reagent, 
a rich port-wine colour is produced. The picrate crystallises from 
water, in which it is sparingly soluble, in anhydrous irregular 
prisms, which blacken at about 240° and decompose at 243° (Found : 
picric acid, 61*4, 61*6. C 5 H 7 0 2 N 3 ,C 6 H 3 0 7 N 3 requires picric acid, 
61*9%). 

5(4) -N itro-4c(5) -carbethoxyaminoglyoxaline (V) . — The preceding 
nitrate (1 g.) was added to concentrated sulphuric acid (2 c.c.) 
at 0° during 10 minutes and then warmed on the water-bath until 
effervescence began (10 minutes). The nitro -derivative, which 
separated (yield, 58%) when the mixture was poured on ice, crystal- 
lised from water in large, anhydrous, rhomboidal plates, m. p. 234° 
(decomp.) (Found in material dried at 100° : N, 28*3. C 6 H 8 0 4 N 4 
requires N, 28*0%). It is soluble to the extent of 1 in 400 parts of 
boiling water and also in hot alcohol, but insoluble in benzene, 
chloroform, and ether. No colour reaction is given with Pauly’s 
reagent. 

4 - Nitro - 5 - amino - 1 - methylglyoxaline (VII) . — 5-Chloro-4-nitro- 1 - 
methylglyoxaline (6*6 g.) and alcoholic ammonia (3*5%; 90 c.c.) 
were heated together at 140° for 4 hours. The mtfro-compound, 
which had separated (3*7 g. ; yield, 63*7%), crystallised from water 
(solubility, 1 part in 170 parts, boiling) in yellow, anhydrous, 
rectangular plates, m. p. 303° (decomp.) (Found in material dried at 
100°: C, 33*7; H, 4*3; N, 39*8. C^HgOglS^ requires C, 33*8; 
H, 4*2 ; N, 39*4%). It is soluble in concentrated hydrochloric acid, 
but not in dilute acid, alcohol, chloroform, or ether. It dissolves 
in boiling glacial acetic acid, forming apparently an acetate, 
for when the diluted solution is treated successively with sodium 
nitrite and alkaline (3-naphthol a greenish-blue colour is obtained. 
The nitro -compound does not give a picrate when treated with 
aqueous picric acid. ’ 

Action of cold 16% hydrochloric acid . When the nitro-compound 
(2*6 g.) was added to 16% hydrochloric acid (10*4 c.c.) and stirred, 
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the solution darkened considerably and after some minutes much 
heat was evolved, the temperature rose from 21° to 47°, efferves- 
cence ensued, nitrous acid was liberated, and crystals immediately 
separated (1*1 g.), leaving a mother-liquor (M). The solid did not 
give a Pauly reaction, or a coloured solution with sodium p-naphth- 
oxide after treatment with nitrous acid. When it was recrystal- 
lised from a little water (10 c.c.; charcoal), a small crop (0-1 g.), 
m. p. 140°, was obtained ; the mother-liquor on concentration gave 
only a dark brown gum. The mother-liquor (M) on concentration 
gave 0*3 g., m. p. 140°. The combined mother-liquors were mixed 
with an excess of aqueous sodium hydroxide, and the volatile 
amines distilled into hydrochloric acid. After evaporation, the 
residue gave 0*5 g. insoluble in absolute alcohol (Found : Cl, 64*8. 
Calc, for NH 4 C1 : Cl, 66-4%) and 0*6 g., m. p. 195—200°, soluble 
in absolute alcohol (Found : Cl, 53*5. Calc, for NH 2 Me,HCl : Cl, 
52*6%). The alkaline solution yielded, after acidification and 
treatment with calcium chloride in ammoniacal solution, 0*4 g. 
containing 97% of calcium oxalate. 

oc-Methylamino-a-hydroxy acetamide (IX) is moderately easily 
soluble in hot water, but much less so in cold, and crystallises in 
long, anhydrous, pale brown needles, m. p. 140°. Its aqueous 
solution is neutral to litmus (Found in material dried at 100° : C, 
34*0; H, 7*8; N, 26*7, 27*0. C 3 H 8 0 2 N 2 requires C, 34*6; H, 7*7; 
N, 26*9%). 


The author is indebted to Mr. R. H. Klein, F.I.C., for making 
some of the analyses recorded in this paper. 

Research Laboratories, Messrs. May & Baker, Ltd., 

Wandsworth, S.W.18. [Received, November 9£/i, 1929.] 


XLI . — Internal Equilibrium in Sulphur . Part II. 
Amorphous Sulphur (SJ as a Gel > and the Tyndall 
Effect in Liquid Sulphur. 

By Dalziel Llewellyn Hammick and Michael Zvegintzov. 

It has long been recognised (Kruyt, Z. physiJcal. Ghem 1909, 65, 
486; Hammick and Holt, J., 1926, 1995) that as molten sulphur is 
heated, it becomes richer in one or more forms which are less mis- 
cible with other liquids and give rise to the peculiar properties of 
liquid sulphur. It also appears to have been generally assumed, 
with Smith and his co-workers, that the insoluble, amorphous solid 
obtained when molten sulphur is chilled, allowed to harden, and 
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then extracted with carbon disulphide, is identical with one of the 
constituents present in the melt. As is well known, the familiar 
allelotropic line (Smith and Carson, Z. physikaL Chem ., 1907, 57, 
685) giving the percentages of present in liquid sulphur at various 
temperatures is constructed from data derived from estimates of 
the amount of insoluble sulphur present in specimens of sulphur 
chilled from these temperatures. 

In the course of our experiments on equilibria in the system 
sulphur-sulphur chloride (J., 1928, 1785), we noticed that in the 
presence of even quite small proportions of its chloride the element 
could be heated to 160 — 180° without any great increase in viscosity. 
For instance, mixtures of pure sulphur (98%) with sulphur chloride 
(2%) heated in sealed tubes for various periods (J — 2 hours) at 140° 
and 180° gave quite mobile, dark-coloured liquids. Most of these 
mixtures on sudden chilling solidified almost completely, and it 
was found that a considerable proportion of the solid separating was 
insoluble in carbon disulphide, i.e., the solid contained S^. In many 
of the tubes, however, solidification did not occur on chilling, and in 
some cases it was possible to open them and treat the contents with 
carbon disulphide while the latter were still metastable and fluid. 
The supercooled mixture was completely miscible with this solvent. 
It would thus appear that S M , insoluble in carbon disulphide, does 
not exist in the fluid sulphur-sulphur chloride mixtures that have 
been chilled from high temperatures, but makes its appearance 
when such mixtures deposit solid. Only when the concentration 
of sulphur chloride was not more than 2% was it possible to demon- 
strate this distinction between two specimens of sulphur which had 
been treated in exactly the same way in respect to heating and 
chilling, but differed by the circumstance that in one case the 
separation of solid had been avoided and with it the production of 
S ,j.. Nevertheless, the fact that the mere heating of sulphur and 
chilling does not by itself yield sulphur insoluble in carbon di- 
sulphide (or S/x) was confirmed in numerous cases where solutions of 
sulphur in sulphur chloride and in other solvents, such as xylene, 
pyridine, and quinoline, were chilled from temperatures between 
150° and 180° without solid separating and found to be completely 
miscible with carbon disulphide. 

In the light of the above observations it becomes necessary to 
account for the insolubility in carbon disulphide of chilled sulphur 
by a hypothesis that does not postulate the pre-existence of the 
insoluble in the liquid from which it is produced on chilling, and 
we have therefore come to the conclusion that insoluble amorphous 
sulphur is probably a gel. The plasticity of freshly chilled sulphur 
obviously accords with this supposition ; the “ setting ” of plastic 
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sulphur to the hard amorphous is, we suggest, analogous to the 
hardening of gels such as those of hydrated oxides (silica gels, etc.). 
In further support of our view we adduce the following observations. 

(i) The solubility of in various solvents. “ Chilled 55 sulphur, 
prepared by distilling pure sulphur into cold water, was found to be 
insoluble in cold carbon disulphide, sulphur chloride, pyridine, 
quinoline, and xylene, whether it was in the rubber-like, plastic 
condition or had been kept until it had set to a hard mass. Rapid 
solution occurred, however, in the above solvents at temperatures 
above (roughly) 120°. For instance, 50% by weight of amorphous 
sulphur added to boiling sulphur chloride (138°) liquefied and dis- 
solved completely in 5 seconds. A similar result was observed in 
quinoline at 130° ; 10% of amorphous sulphur also dissolved readily 
and rapidly in liquid benzoic acid at 123°. In pyridine (b. p. 115°), 
dissolution was much slower and the amorphous sulphur did not 
liquefy completely : 10 g. dissolved completely, however, in 100 g. 
of solvent in 1 minute. 

That amorphous sulphur (or S fl ) dissolves in hot solvents has, of 
course, long been known; but the fact that it does so has been 
ascribed to the effect of temperature in promoting its rapid change 
into soluble S*. It does not seem to be generally realised, however, 
that even at 140° it takes about 3 hours for “ internal equilibrium ” 
to be set up in liquid sulphur, and that “ amorphous sulphur ” kept 
at the natural f. p. of sulphur (114*5°) for 10 hours still contains 50% 
of insoluble sulphur (Smith and Carson, loo. cit). Further, the 
authors {loo. oil.) found that in sulphur chloride solution at 148°, 
1J hours were required to establish equilibrium. On the other 
hand, if is really a gel, it might be expected, like other gels such 
as rubber, gelatin, resins, etc., to show a more or less abrupt change 
in properties at and above the temperatures at which the gel 
structure is destroyed. It is significant that rapid dissolution of 

in solvents begins at about 120°, i.e., at about the melting point 
of crystalline sulphur, which may possibly be the continuous phase 
in the gel. 

(ii) The Tyndall effect in liquid sulphur. The hypothesis that 
chilled sulphur or S M is a gel led to the expectation that the liquid 
from which it is produced might show the properties of a sol. Liquid 
sulphur was therefore examined for the Tyndall effect. It is well 
known that the production of liquids in a state of optical purity is a 
matter of considerable difficulty. The sulphur used was therefore 
carefully purified by crystallisation from pure carbon disulphide 
and then by distillation, first under ordinary pressure and finally 
in a vacuum. It was then introduced into the side bulb of an 
apparatus of Pyrex glass, consisting of a cylindrical observation 
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tube with flat top and bottom, the apparatus was exhausted with a 
mercury pump and sealed, and the sulphur distilled into the observ- 
ation tube, remelted, and tipped back into the distillation bulb.* 
This was done six times, in order to wash out the observation tube, 
which was then surrounded by a small electric resistance furnace. 
A beam of light from a 500-watt lamp was focused through a window 
in the side of the furnace into the melted sulphur, which was observed 
through the top. A well-defined Tyndall beam of polarised 
scattered light was observed at all temperatures from the melting 
point up to 200°, at which the deep colour of the liquid sulphur 
prevented further observations. 

Having obtained this characteristic indication of the presence of 
colloidal particles in liquid sulphur, we attempted to measure the 
intensity of the scattered light over a range of temperature in order 
to find out whether there was any correlation between the con- 
centration of colloidal particles and the increase of viscosity of 
liquid sulphur that occurs at about 160°. The exciting beam was 
caused to enter the observation vessel as near to the bottom as 
possible, and at the same time light from a small electric-light bulb 
(3-watt) was passed vertically up through the base. By varying 
the resistance in circuit with the small bulb, it was possible roughly 
to match, by observation through the top of the tube, the intensity 
of the light transmitted from the control lamp through the liquid 
sulphur with the intensity of the Tyndall light. Both the direct 
and the scattered light had to traverse very nearly the same depth 
of liquid (about 8 cm.). The current flowing through the “ control ” 
lamp was measured on a milliammeter, and the temperature of the 
sulphur was varied by altering the resistance in series with the 
electric heating furnace that surrounded the observation tube. No 
great precision can be claimed for the observations made ; never- 
theless, the rather surprising conclusion can be drawn from them 
that, as far as could be detected by the rough apparatus used, no 
appreciable alteration in the intensity of the scattered Tyndall light 
could be observed between 125° and 200°. A typical series of 
measurements was : 

Temp, of furnace... 128° 135° 153° 165° 180° 200° 

Current in control 

lamp (amp.) ... 0*45 0-43 0-435 0-45 0-44 0-45 

Before these experiments could be repeated with more refined 
apparatus, however, a private communication from W. L. Cousins 

* In order to test this method for obtaining liquids optically “pure,” 
experiments were carried out in similar pieces of apparatus with carbon 
tetrachloride and phenol. In each case two washings of the observation tube 
with distillate were sufficient to give liquids in which no Tyndall effect could 
be observed. 
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and B. Lange in Berlin informed us of results, to be published shortly, 
which they had obtained in measuring the intensity of polarisation 
of the Tyndall light in molten sulphur, and further work on the 
matter was abandoned. 

In conclusion, it may be noted that the view that insoluble 
sulphur (S„) is a gel removes the difficulty in accounting for the fact 
that, although it is metastable with respect to crystalline sulphur ? 
the latter is vastly more soluble. 

Summary. 

Experiments are described showing that insoluble sulphur 
(amorphous sulphur or S^) is not present as such in liquid sulphur 
but makes its appearance when the liquid solidifies. It is therefore 
suggested that is in reality a gel, and in support of this hypothesis 
its ready solubility in certain solvents at temperatures above the 
m. p. of crystalline sulphur (possible continuous phase) is noted, and 
the presence of colloidal particles in pure molten sulphur is estab- 
lished by observations on the Tyndall effect. 

The Dyson Perrins Laboratory, 

Oxford. [Received, November 29th, 1929.] 


XLII . — Nitrous Acid as a Nitrating Agent. Part I . 
The Nitration of Dimethyl-ip-toluidine. 

By Herbert Henry Hodgson and Arnold Kershaw. 

Nitrous acid nitrates dimethyl-j?-toluidine, giving at least 80% of 
d-nitrodimethyl^4oluidine (3-nitro-4-dimethylaminotoluene) ; nitric 
acid at the same dilution is practically inactive. o-Nitrosation 
analogous to the p-nitrosation of dimethylaniline does not appear 
to take place. Since 2«nitrodimethyl-j)-toluidine is produced by the 
normal nitration process, the mechanism of the above reaction 
must differ from that of ordinary nitration. 

Lapworth and Robinson (Mem. Manchester Phil. Soc ., 1928, 72, 
47) explain the apparently anomalous ortho-nitration of bem;- 
aldehyde and of acetophenone by assuming the formation of an 
additive complex (I) of nitric acid and the unsaturated group, which 
then favours nitration in the ortho-position. In the light of this 
conception it may be assumed that the nitrogen atom and the 3-carbon 
atom of dimethyl-^ -toluidine , both strongly activated (II), produce 

— ■ 4* 

a negative field which attracts the polarised nitrous acid, HONO, 
and, by rendering its nitrogen* less positive, makes it prone to 
oxidation : the free nitrous acid in the solution oxidises the nitrous 
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acid component of the complex (II) to nitric acid, with evolution 
of nitric acid and nitrous oxides and subsequent nitration at the 
activated 3-carbon atom. 



The m. p.’s of the picrates of the two pairs of nitro-compounds 
studied show definitely that the lower m. p. is associated with the 
greater chelation (in the case of the 3-nitro-compounds) and con- 
versely that the higher m. p. accompanies increased salt-formation 
(with the 2-mtro-compounds). 

The brilliant red unstable compound formed when dimethyl- 
p-toluidine is mixed with picric acid may perhaps be due to tem- 
porary formation of the salt of the aci-ioxm of picric acid (III), 
since such salts have a bright red colour. 

E X F E E I M EN T A L. 

Preparation of Dimethyl-'p-ioluidine . — A mixture of ^-toluidine 
(72-7 g.), methyl iodide (96*5 g.), and water (100 c.c.) was heated 
under reflux (2 — 3 hours), and then exactly neutralised with aqueous 
sodium hydroxide. A further addition of methyl iodide (96*5 g.) 
was made, and after being again heated until the odour of the methyl 
iodide had vanished, the mixture was rendered faintly alkaline and 
steam-distilled. The oily layer of the distillate was treated with 
acetic anhydride (2 — 3 c.c. at a time) until no rise of temperature 
subsequently occurred, a further 5 c.c. were added (total addition, 
about 35 c.c.) and the mixture was heated on the water-bath for 
1 hour, poured into water (200 c.c.), shaken well to decompose the 
acetic anhydride, neutralised with sodium hydroxide, and steam- 
distilled; pure dimethyl-^p-toluidine (33 g.) passed over (b. p. 207°) 
(Sound: N, 10*6. Calc.: N, 10*4%). 

The picrate , prepared from equimolecular quantities of the base 
and picric acid in hot alcohol, separated on cooling in elongated 
prisms, m. p. 128° after recrystallisation from alcohol (Found : 

15*2. C 15 H 16 0 7 N 4 requires N, 15*4%). When dimethyl-p-tolu- 
idine is mixed with solid picric acid, a very deep red compound is 
produced which soon changes into a bright yellow one. Gold* 
alcoholic solutions when mixed give a red solution, from which the 
yellow pierage crystallises, although its. alcoholic solutionis yellow. 
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Action of Nitrous Acid on Dimethyl-p- toluidine . — The base (10 g.) 5 
dissolved in a mixture of concentrated hydrochloric acid (28 c.c.) 
and water (20 c.c.), was gradually treated at 0° with sodium nitrite 
(16 g. in 100 c.c. of water). Reaction began on addition of the first 
drop, the solution became red, and nitric oxide containing a de- 
tectable quantity of nitrous oxide was evolved; when about half 
the sodium nitrite had been added, the deep red solution became 
turbid owing to separation of the oily reaction product. After 
1 hour, the mixture was treated with urea to remove any excess of 
nitrous acid, neutralised with sodium hydroxide, and steam-distilled, 
and the distillate (1200 c.c.) was extracted with ether. The extract, 
after being shaken three times with dilute hydrochloric acid (40 c.c. ; 
1 part of cone, acid and 2 parts of water), was evaporated and 
nitrosomonomethyl-p-toluidine (1*6 g.) was obtained from the 
residue by steam-distillation. The nitrosoamine gave a brilliant 
colour in the Liebermann reaction and crystallised from light 
petroleum in almost colourless prisms, m. p. 49*5° (Bamberger and 
Wulz, Ber., 1891, 24, 2081, give m. p. 52—53°) (Found : N, 18-8. 
Calc. : N, 18-7%). 

The aqueous acid extract (above) was made faintly alkaline and 
steam-distilled; 3-nitrodimethyl-p4oluidine (10*5 g.) passed over 
as a red oil, which, after solidifying, crystallised from aqueous 
alcohol in red needles, m. p. 26° (Found : N, 15*3. C 9 H 12 0 2 N2 
requires N, 15*5%). The picrate , prepared as described above, 
crystallised from alcohol in bright yellow, elongated, rectangular 
plates, m. p. 129° to a red liquid after softening (Found ; N, 17*0. 
C 15 H X6 0 9 N 5 requires N, 17*1%). The amine and its picrate were 
identified by comparison with the synthetic compounds (below). 

Nitric acid of the same concentration as the nitrous acid employed 
above was practically inaotive, showing that the above nitration 
could not have been due to nitric acid present in the nitrous acid as 
initially generated. 

Synthesis of 3-Nitrodimethyl-p4oluidine. — 4-Chloro-3-nitrotoluene 
(6 g., prepared from 3-nitro-p-toluidine) was heated under reflux 
with a solution of dimethylamine (in slight excess of the theoretical 
quantity) in alcohol (40 c.c.) for 20 hours. The alcohol was then 
removed by distillation, and the reaction product steam-distilled ; 
3-nitrodimethyl-p-toluidine, obtained in theoretical yield, crystal- 
lised from dilute alcohol in red needles, m. p. 26° (Found : N, 15*4%). 
The picrate melted at 129° (Found : N, 17*3%). 

Nitration of Dimethyl~p4oluidine . — The amine (3 g.) in concen- 
trated sulphuric acid (7 c.c.) was gradually treated at 0° with a 
mixture of nitric acid (1*4 c.c.; d 1*5) and sulphuric acid (2 c.c.). 
After 12 hours, the whole was poured on ice (200 g.), neutralised; 
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and submitted to steam-distillation ; 2-niirodimethyl~p-toluidine , 
which distilled in almost theoretical yield, crystallised from glacial 
acetic acid, on dilution with water, in large vermilion plates, m. p. 
37° (Found : N, 15-4. C 9 H 12 0 2 N 2 requires N, 15*5%). The picrate 
crystallised from alcohol in elongated yellow prisms, m. p. 141 — 
143° (Found : N, 17-2. C 15 H 15 0 9 N 5 requires N, 17-1%). 

o-Nitrodimethylaniline was readily prepared in theoretical yield 
by heating an alcoholic solution (140 c.c.) of o-chloronitrobenzene 
(15g.) anddimethylamine (in slight excess of the theoretical quantity) 
under reflux for 6 hours (compare Weissenberger, Monatsh ., 1912, 
33, 821). The picrate crystallised from alcohol in greenish-yellow 
needles, m. p. 103° (Found : N, 18*0. C 14 H 13 0 9 N 6 requires N, 
i7*7%). 

Dimeihylaniline picrate crystallises from alcohol in greenish- 
yellow plates, m. p. 159° (Found : 1ST, 16-2. C 14 H 14 0 7 N 4 requires 
16-0%). 

3 - N itrodimethylaniline picrate separates from alcohol in elongated 
yellow plates, m. p. 119° (Found: N, 17-4. C 14 H 13 0 9 N 5 requires 

All the above nitro-bases give yellow solutions in non-dissociating 
solvents, whereas in dissociating media, and in particular in phenol, 
intense red solutions are formed. 

The authors desire to thank Messrs. J. W. Leitch & Co. for gifts 
of some of the chemicals used in this investigation. 

Technical College, Huddersfield. [Received, November 30 th, 1929.] 


XLIII . — The Variation of Phenol Coefficients in 

Homologous Series of Phenols . 

By Charles Edward Coulthard, Joseph Marshall, 
and Frank Lee Pyman. 

The introduction into medicine of the antiseptic, hexylresorcinol, 
was the outcome of work by Johnson and Lane (J. Amer. Chem . 
Soc ., 1921, 43, 348) and Dohme, Cox, and Miller (ibid. 1920, 48, 
1688) in which the influence of alkyl substituents upon the germ- 
icidal value of resorcinol was studied. It was shown that the 
germicidal value of 4-?i-alkylresorcinols rose to a maximum at 
4-w-hexylxesorcinol, which had a phenol coefficient of 50, the values 
for w-amyl- and %-heptyl-resorcinol being 33 and 30 respectively. 
It was further shown that the antiseptic values of the ?i-alkyl- 
resorcinols were greater than those of branched-chain alkylresorcinols 
having the same number of carbon atoms. 
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Exact mformation as to the effect of alkyl substituents upon the 
antiseptic value of phenol and it's homologues is somewhat scanty 
and therefore it appeared to be of interest to make a systematic 
study of the variation of the phenol coefficients in the homologous 
series of w-alkylphenols, %-alkylcresols, and ^-alkylguaiacols. 

For the determination of phenol coefficients, the Bideal-Walker 
technique was closely followed, but owing to the sparing solubility 
of most of the compounds in water, solutions in dilute aqueous 
sodium hydroxide were employed, care being taken to keep the 
concentration of sodium hydroxide below lethal strength. In 
most cases, initial solutions of 0*1% of the compound in NJ 100- 
sodium hydroxide were used. The results are in Table I. 

Comparing the vertical columns in this table, it will be seen that 
the phenol coefficients of the p-^-alkylphenols are, in general, con- 
siderably less than those of the corresponding n-alkylcresols, and 
the values of the w-alkylguaiacols are comparatively trivial. In 
comparing the horizontal columns, it will be noticed that the anti- 
septic value of the compounds increases generally with the number 
of carbon atoms in the side chain up to the %-amyl derivative and 
then diminishes. 

Of the w-amylcresols, 4-n-amyl-m-cresol has been studied, in 
some detail, and has been found to have high phenol coefficients 
(200 to 300), not only when tested against Bacillus typhosus (which 
is employed in the Bideal-Walker method), but also against various 
strains of Streptococcus and Staphylococcus . Since, in addition, its 
toxicity is comparatively low, it may prove to be of value in medicine. 


Table I. 

Phenol coefficients . 

p-n- Alkyl- 4-n- Alkyl- 3 -n- Alkyl- 5-a- Alkyl- 3-n- Alkyl- 4-w-Alkyi- 
phenols. m-cresols. p-cresols. o-cresols. o-oxesols. guaiacols. 



104 280 250 300 250 25 

n- C e Hl* 90 275 175 100 180 9 

«-0 7 H 15 20 30 — — — 

* The phenoleoefficlent of o-w-butylphenol was 75. 

f The phenol coefficient of 6-ethyl-t?voresol (Me : OH : Et = 1 : 3 ; 6) was 

i5. "■ ■' , ; • ■ • , j •; 


L 
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Preparation of n-Alkylphenols , n-Alkylcresols , and n-Alkyl- 
guaiacols. 

All the alkyl derivatives were prepared by reduction of the 
corresponding ketones by Clemmensen’s method. The ketones 
were prepared by four methods : (1) the Nencki condensation of 
acid and phenol using zinc chloride, (2) the Fries isomerisation of 
phenyl esters by means of aluminium chloride, (3) the isomerisation 
of phenyl esters by zinc chloride, and (4) condensation of acids with 
phenols by means of phosphorus oxychloride. 

(1) The Nencki reaction is well known to give good yields of 
4-acylresorcinols or 2-acylquinols when resorcinol or quinol is con- 
densed with fatty acids and zinc chloride. Goldzweig and Kaiser 
(J. pr, Chem ., 1891, 43, 86) state that pyrocatechol does not react 
when employed in the Nencki reaction and it would appear that 
this statement has been accepted, although Neitzel ( Ber 1891, 24, 
2863) mentions that acetylpyrocatechol is “ apparently ” produced 
by this method. He did not, however, obtain it in a pure state 
owing to the similarity in solubility of pyrocatechol and acetyl- 
pyrocatechol. We are able to confirm the formation of acetylpyro- 
catechol and other acylpyrocatechols by the Nencki method, and 
have separated them from unchanged pyrocatechol in each case by 
distillation under diminished pressure. 

Attempts to apply the Nencki reaction to monoalkyl ethers of 
dihydroxybenzenes have given poor yields, but positive results were 
obtained in the formation of pseonol from resorcinol monomethyl 
ether and acetic acid, and in the preparation of acetovanillone and 
its homologues from guaiacol and fatty acids. Attempts to con- 
dense quinol monomethyl ether with acetic acid, however, gave a 
negative result. The Nencki reaction has been little used for the 
condensation of monohydric phenols with fatty acids, but Michael 
and Palmer (Amer. Chem . J., 1885, 7, 275) obtained ^-acetylphenol 
in this manner, and Goldzweig and Kaiser ( loc . cit.) obtained p-prop- 
ionylphenol similarly, although the yield is not stated in either 
case. We have condensed a series of fatty acids with phenol by 
this method and have obtained the p-acylphenols in poor yield, viz,, 

2 — 10% of the theoretical, and have observed that small quantities 
of the o-acylphenols are formed simultaneously. The sole products 
obtained from m-cresol in the Hencki reaction were the 4-acyl- 
m-cresols, as would be expected from the well-known fact that an 
alkyl group in the meta-position to the hydroxyl induces substitu- 
tion in the neighbourhood of the hydroxyl (Auwers and Mauss, 
Annalen , 1928, 464, 293), but here again the yields are poor. 

(2) A considerable number of acylphenols and acylcresols have 
been made by the Fries isomerisation under the conditions described 
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by Rosenmund and Schnurr (Annalen, 1928, 460, 56), viz., heating 
the appropriate ester with 1*1 molecules of aluminium chloride. 
Attempts to prepare acylguaiacols similarly were unsuccessful, but 
the publication of a paper by Pfeiffer and Haack (Annalen, 1927, 
460, 156) on the combination of aluminium bromide with ethers in 
molecular proportion led us to suspect that a similar combination 
occurred between aluminium chloride and guaiacol esters, and that 
this prevented the aluminium chloride from producing isomerisation. 
In later experiments, two molecular proportions of aluminium 
chloride were consequently added to guaiacol esters and 4-acyl- 
guaiacols were then produced together with a proportion of the 
corresponding acylpyrocatechols. The position taken up by the 
acyl group was proved by the facts (1) that guaiacyl acetate gave 
acetovanillone, (2) that guaiacyl butyrate gave a ketone which was 
reduced to a butylguaiacol identical with that obtained by Nomura 
and Hotta (Sci. Sep. Tdhoku Imp. Univ., 1925, 14, 119) by the 
reduction of zingerone, and (3) that the propylguaiacol obtained in 
the same manner from guaiacyl propionate was identical with 
dihydroeugenoL 

(3) Pope (Brit. Pat. 287,967) has described a method for the 
preparation of 4-^-alkylresorcinols by isomerisation of resorcinol 
monoacyl esters by heating with zinc chloride. We have found 
that, although this method gives good yields (80 — 90%) of resaceto- 
pheno^ and 4-^-hexoylresorcinol when applied to resorcinol mono- 
acetate and mono-ra-hexoate, it gives only poor yields of acylphenols 
when applied to esters of phenol,- m-cresol, and guaiacol. 

(4) The condensation of guaiacol and acetic acid by means of 
phosphorus oxychloride gave ^oacetovanillone (5-acetylguaiacol), 
which was obtained previously by Schneider and Kraft (Ber., 1922, 
55, 1892) by condensing guaiacol and acetic anhydride by means of 
sulphuric acid. Propionic and , butyric acids were also condensed 
with guaiacol by means of phosphorus oxychloride, and gave com- 
pounds isomeric with 4-propionylguaiacol and 4-rc-butyrylguaiacol, 
which are doubtless 5-propionylguaiacol and 5-n-butyrylguaiacol. 

EX PERIMENTAL. 

(1) The Nencki Seaction. — o- and p - A ceiylphenols . Phenol 
(150 g.) was added to a hot solution of anhydrous zinc chloride 
(200 g.) in glacial acetic acid (100 c.c.) and the mixture was boiled 
for 1 hour. After the mass had cooled, water was added and the 
product was distilled with steam. The oil separated from the 
distillate was dissolved in excess of warm 5jV-sodium hydroxide, and 
from this solution, on cooling, pale yellow crystals were deposited 
which after decomposition with dilute hydrochloric acid gave 



284 MABSHAIB, AtfB PYMAK : THE YAEIATIOK OF 

o-acetylphenol {5 g. ; yield, 2%*) having b. p. 110°/15 mm. and 
m. p. 28° (Found: C, 70*5; H, 5*8. Calc. : C, 70-6; H, 5*9%). 
The prime melted at 112°. Auwers (Ber., 1925, 58, 36) gives b. p. 
218° and m. p. of oxime 112°. The non-volatile oil remaining 
after the steam distillation was distilled under diminished pressure 
and gave ^-acetylphenol (7 g. ; yield, 3%) having b. p. 190°/15 mm. 
and m. p. 106 — 107°. Michael and Palmer (Zoc. cit.) give m. p. 108° 
and Perkin (J., 1897, 71, 805) gives m. p. 107°. 

The great difference in boiling point exemplified in the case of the 
■«- and p-acetylphenols is found generally for o- and 'p-acylphenok 
and their methyl homologues. The o-hydroxyketones differ further 
from #-hydroxyketones in being volatile in steam and in giving red 
to violet colorations with ferric chloride. Moreover, the sodium salts 
of the o-acylphenols are readily obtained in yellow crystals freely 
soluble in water, and are easily precipitated by a small excess of 
alkali, whereas the sodium salts of the ^-compounds are colourless 
and are easily soluble in water and in dilute sodium hydroxide 
solution. 

As a general rule, the phenylhydrazones of. the o-compounds are 
more readily made than the p -compounds, as is known to be the 
case with the oximes. 

^-Propionylphenol was prepared by the method of Goldzweig and 
Kaiser (loc. cit.) in 10% yield. r 

p-n- Vcderylphenol was obtained in 5 % yield accompanied by the 
o-compound, of which the presence was indicated through the pro- 
duction of a violet colour on the addition of ferric chloride to an 
alcoholic solution of the steam- distillate of the reaction product. 
p-n-V alerylphenol has b. p. 210°/15 mm. and crystallises from 
benzene-light petroleum in cubes, m. p. 62 — 63° (Found : C, 74*0; 
H, 7*9. C n H 14 0 2 requires C, 74*2 ; H, 7*8%). 

p -n~Hexoylphenol (yield, 8%) forms colourless plates, m. p. 63— 
64°, from benzene (Found: C, 75*1; H, 84. 0 12 H I6 0 2 requires 
C, 750; H, 8*3%). 

p ^Eeptmjlphenol (yield, 9%; b. pr 220°/15 mm.) crystallises 
from benzene in well-formed prisms, m, p. 93—94° (Found : C, 
75*9; H, 8*6. C 13 H 18 0 2 requires C, 75*7 * H, 8*7%). 

p-Heptoylphwyl benzoate crystallises from alcohol in needles, 
m * P> 92—93° (Found: C, 77-0; H, 7*1. C^A requires 0, 
77-4; H, 7-1%). 

4rFm|«onyl-^eresol was isolated from the product of the fusion 
d£ pisepo acid and w-cresol with zinc chloride by distillation 
wtth steam and rectification of the oil obtained in a vacuum. The 

Yields 8<ne gWKa in % of the theoretical, andi the sttfostances are colour- 
where it is otherwise stated. i 
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fraction, b. p. 125 — 135°/15 mm., was crystallised from dilute 
alcohol, giving needles or plates, m. p. 45 — 46° (yield, 11%). It did 
not depress the melting point of 4-propionyl-m-cresol, prepared by 
the isomerisation of m-talyl propionate, for which Auwers (Annalen, 
1924, 439, 132) gives m. p. 45 — 4=6°. 

4-^-Butyryl-m-cresol was similarly obtained from m-cresol and 
butyric acid (yield, 17%) and identified as the oxime, m. p. 74 — 
75° (see page 288). 

Pceonol. To zinc chloride (40 g.), dissolved in hot glacial acetic 
acid (40 c.c.), resorcinol monomethyl ether (25 g.) was added. The 
mixture was brought to the boiling point, allowed to cool in an 
oil-bath, and distilled with steam. The oil which distilled was 
separated by fractional distillation under diminished pressure into 
about 10 g. of unchanged resorcinol monomethyl ether and a fraction 
of higher boiling point from which 6 g. (29%) of psBonol, m. p. 50°, 
were obtained. 

4- Acetylpyrocatechol . Pyrocatechol (25 g.), glacial acetic acid 
(50 g.), and zinc chloride (100 g.) were fused together in the usual 
manner. The mass was poured into water, and the solution ex- 
tracted with ether. After distillation under diminished pressure, 
pyrocatechol and a fraction of b. p. about 180° (15 g.) were obtained. 
This was dissolved in hot benzene and allowed to cool ; the crystals 
which separated were recrystallised and gave 8 g. (20%) of 4-acetyl- 
pyrocatechol, m. p. 116°. 4-w-Butyrylpyrocatechol and 4-w-hexoyl- 
pyrocatechol were obtained by exactly similar methods of procedure. 
Each was compared and found to be identical with the corresponding 
product obtained from the guaiacol ester by treatment with alumin- 
ium chloride. 

Acetovanittone. To zinc chloride (100 g.) in hot glacial acetic 
acid (200 c.c.), guaiacol (100 g.) was added. The mixture was 
boiled gently under reflux for 3 hours, and acetic acid then distilled 
off under diminished pressure, After cooling, the residue was 
poured into water and extracted with ether. The extract was 
distilled under diminished pressure; a fraction, b. p. 170 — 190°, 
solidified and after recrystallisation from ether gave acetovanillone 
(5 g. ; 4%fc m, p.113-114 0 . 

4-w-Butyrylguaiacol and 4-n-hexoylguaiacol were prepared 
similarly and proved to be identical with the products, described 
later, obtained by the isomerisation of guaiacol esters with alumin- 
ium chloride ; in each case considerable quantities of pyrocatechol 
and of the corresponding acylpyrocatechols were obtained as By- 
products. 

(2) The Fries Isomerisation . — Phenyl butyrate, hexoate, and 
heptoate were converted into mixtures of o- and p-acylphenols by 
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heating with 1*1 mols. of aluminium chloride at 160 — 180° for 1 — 
2 hours, and separated by distillation with steam or under dimin- 
ished pressure, 

o-n-Butyrylphenol (yield, 60%) had b. p. 124 — 126°/14 mm. and 
m. p. 8° (Found : C, 72-9 ; H, 7-3. C 10 H 12 O 2 . requires C, 73-2 ; 
H, 7-3%). Its phenylhydrazone is yellow" and melts at 85 — 87° 
(Found : N, 11-0. C 16 H 18 ON 2 requires N, 11-0%). ^-Butyryl- 
phenol (yield, 19%) has b. p. 200°/15 mm. and m. p. 91°. Perkin 
(J., 1889, 55, 546) gives m. p. 91°. p -Butyrylphenyl benzoate crystal- 
lises from alcohol in platelets, m. p. 106 — 107° (Found: C, 75*8; 
H, 6-0. C 17 H 16 0 3 requires C, 76-1 ; H 5 6-0%). 

o-n-j Eexoylphenol (yield, 50%) has b. p. 145 — 147°/15 mm. and 
crystallises from alcohol in prisms, m. p. 22° (Found: C, 74-8; 
H, 8-4. C 12 H 16 0 2 requires C, 75-0 ; H, 8*3%). Its phenylhydrazone 
crystallises from alcohol in yellowish leaflets, m. p. 102 — 103° 
(Found : N, 9*6. C 1S H 22 0N 2 requires. 1ST, 9*9%). 

o-n-Heptoylphenol (yield, 58%) has b. p. 172 — 174°/20 mm. and 
separates from alcohol in prisms, in. p. 24° (Found: C, 75-3; H, 
8*7. C 13 H 18 0 2 requires C, 75-7; H, 8-7%). Its phenylhydrazone 
separates from alcohol in yellow plates^ m. p. 91—92°. 

The isomerisation of o-tolyl acetate has been described by Auwers 
{Ber., 1925, 58, 36) and by Rosenmund and Schnurr (Annalen, 
1927, 460, 56). 

5-Acetyl-o-tolyl benzoate separates from dilute spirit in fine silky 
needles, m. p. 79—80° (Found : C, 75*5 ; H, 5*3. C 16 H 14 0 3 requires 
C, 75*6; H, 5*5%). 

o-Tolyl butyrate, valerate, and hexoate were isomerised by heat- 
ing the ester with 1*1 mols. of aluminium chloride at 160—180° for 

1 hour, and the o- and p -ketones were separated by distillation 

under diminished pressure. j 

3-n-Butyrylo-cresol (yield, 60% at 160— 18j)°; 40% at 100°) 
has b. p. 143°/11 mm. and solidifies in a freezing mixture (Found : 
C, 73*9; H, 7*9. C n H 14 0 2 requires C, 74*2; Hj, 7*8%). Its oxime 
forms needles, m. p. 87 — 88°, from alcohol, and’ its phenylhydrazone 
separates from alcohol in yellow needles, m. pJ 157—158° (Found : 
N, 10*3. C 17 H 20 ON 2 requires N, 10*4%). 
b-n-Butyryl-o-cresol (yield, 30% at the ordijaary temperature in 

2 days; 55% at 100°; and 30% at 160—180p, b. p. 195—200715 
mm., forms prisms, m. p. 132 — 133°, from /benzene (Found : C, 
74*0; H, 7*8. C n H 14 0 2 requires C, 74*2; Hi 7*8%). The phenyl- 
hydrazone separates in yellowish plates, m. 110°. 

Z-n-Valeryl-o-cresol (yield, 46%) has b. p. 143 — 145°/15 mm. and 
m. p. 18° (Found : C, 74*6; H, 8*5. C 12 H 16 0 2 requires C, 75*0; 
H, 8*3%). The phenylhydrazone forms pale yellow leaflets, m. p. 
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116 — 118°, from alcohol (Found : N, 9*8. C 18 H 2a ON 2 , requires N, 
9-9%). \ 

5-n-Valeryl-o-cresol (yield at 160°, 30%), b. p. 205°/l{5 mm., forms 
rhombic prisms, m. p, 103 — 104°, from benzene (Found : C, 74-8 ; 
H, 8*5. C 12 H 16 0 2 requires C, 75-0; H, 8*3%). 5-n*Valeryl- 
o-tolyl benzoate separates from alcohol in small plates, m. p. 72 — 73° 
(Found : C, 77*0; H, 7*1. C 19 H 20 O 3 requires C, 77*0; H, 6*7%). 
5-n- Valeryl-o-cresol phenylhydrazone forms very pale yellow needles, 
m. p. 120—121° (Found : N, 9*8. C 18 H 22 ON 2 requires N, 9*9%). 

3-n-Hexoyl’O-cresol (yield, 60%), b. p. 152- — 154°/15 mm., separ- 
ates from cold alcohol in prisms, m. p. j23° (Found : C, 75*9 H, 9*0. 
C 13 H 18 0 2 requires C, 75*7 ; H, 8*7%). ( Its phenylhydrazone . separates 
from alcohol in leaflets, m. p. 93 — 94° (Found ; N, 9*3. C 19 H 24 ON 2 
requires N, 9*5%). 

5-n-Hexoyl-o-cresol (yield at 160°, 25%), b. p. 200— 205°/15 mm., 
separates from benzene in plates which fall to powder on drying 
at 50°; it then melts at 79~v80° (Found : C, 75*7; H, 8*9. G 13 H 18 0 2 
requires C, 75*7 ; H, 8*7?/£). The benzoate crystallises from alcohol 
in shining leaflets, m. p^9 — 60° (Found : C, 77*2 ; H, 6*9. C 20 H 22 O 3 
requires C, 77*4; H, J7-l%). 

The ketones obtained by isomerisation of p-tolyl esters with 1*1 
mols. of aluminium/chloride for 2 hours at 160° were purified by 
steam distillation, /crystallisation of the sodium salts, and subse- 
quent distillation under reduced pressure. 

3-n-Butyryl-p-c^£3ol oxime forms needles, m. p. 96 — 97°, from 
light petroleum (Found : N, 7*3. C n H 16 0 2 N requires N, 7*3%). 
S-n-Butyryl-p-oredol phenylhydrazone separates from alcohol in 
rhombic prisms, W p. 141—142° (Found: N, 10*15. C 17 H 20 ON 2 
requires N, 10*4%). 

3-n- Valeryl-p-crfysol (yield, 65%), made but not characterised by 
Wittig (Annalen, ft.925, 446, 155), has b. p. 144— 145°/15 mm. and 
separates from light petroleum in fine needles, m. p. 32— 33° 
(Found : 0, 74*9 ;[ H, 8*5. C 12 H 16 0 2 requires C, 75*0; H, 8*3%). 
Its phenylhydrazone separates from alcohol in yellowish plates, 
m. p, 113— 115° (fWind : N, 9*7. C 18 H 22 ON 2 requires N, 9*9%), 

3-n-Hexoylp-cresh (yield, 80%), b. p. 150— 152°/15 mm., crystal- 
lises from light petroleum in fine needles, m. p. 19° (Found : C, 
75*3; H, 8*9. C 13 H 18 0 2 requires C, 75*7 ; H, 8*7%). The phenyl- 
hydrazone separates \ from alcohol in platelets, m. p. 110 — 112° 
(Found : N, 9*2. CjLH^ONg requires N, 9*5%). 

Although there is the possibility of the production of both 4- 
and 6-acyl-m-cresols m the isomerisation of ra-tolyl esters, if the 
reaction is carried out j at the ordinary temperature in nitrobenzene 
solution as described by Rosenmund the yield of the 6-compound 
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is negligible, being only 2% in tbe case of ?w-toIyl butyrate. The 
ketones of this class were purified by steam distillation, followed by 
distillation under reduced pressure. 

4 - Propionyl-m - cresol oxime, separates from light petroleum in 
needles, m. p. 103—104° (Found : 1ST, 7*7. C 10 H 13 O 2 N requires 
N,7-8%). . T T 1 + 

ft-n-Butyryl-m-cresol separates from benzene in colourless plates, 
m. p. 97—98° (Found: C, 73*9; H, 7*8. C n Ti i4 p 2 requires C, 
74-2; H, 7-9%). 

^-n-Butyryl-m-cresol (yield, 88%) has b. p. 142 — 144°/15 mm. and 
m. p. 17° (Found : 0, 74-0;! H, 7-6. 0 n H 14 0 2 requires C, 74-2; 
H, 7*9%). Its oxime forms ; needles, m. p. 74 — 75°, from light 
petroleum (Found : N, 7*3. 0 I1 H 15 0 2 N requires 1ST, 7-3%). Its 
phenylhydrazone forms pale yellowish leaflets, m. p. 95 — 97°, from 
alcohol (Found : 1ST, 10*2, C 17 H 20 GN 2 requires N, 10*4%). 

4-n-Valeryl«m-cre$ol (yield, 85%) has b. p. 152 — 154°/15 mm. 
and m. p. 16° (Found : C, 74*8 ; H, 8*2. C 12 H 16 0 2 requires 0, 
75*0; H, 8*3%). 

4:-n-Hexoyl-m-cresol (yield, 93%), b. pt 162 — 164°/15 mm., 
separates from alcohol in prismatic needles, m> p. 23 — 24° (Found : 
C, 75*5; H, 8*8. C 13 H 18 0 2 requires C, 7$*7; H, 8*7%). Its 
phenylhydrazone separates from alcohol in leaflets, m. p. 92 — 93° 
(Found : N, 9*3. requires 1ST, 9*5%)\ 

4:-n-Heptoyl-m-cresol (yield, 84%) has b. p. I|72 — 174°/15 mm. 
and m. pi 18° (Found : C, 76*0 ; H, 9*1. C 14 H 20 oL requires C, 76*4 ; 
H, 9*1%). - \ 

The best conditions for the preparation of 4-a<bylguaiacols were 
found to be as follows : Aluminium chloride (270 Jg* ; 2 mols.) was 
dissolved in nitrobenzene (600 c.c.) by heating at l00°, the solution, 
cooled to 10 V and the ester (1 mol.) added quickly; the solution, 
which was at first clear, changed to a very viscous? mass. On gentle 
warming, hydrogen chloride was evolved and [the viscous mass 
became micro-crystalline. After remaining at albout 80° for \ — 1 
hour, the product was kept over-nighty the crystals were then 
collected out of contact with moist air and washed successively 
with benzene, benzene-light petroleum, and light petroleum. 

The aluminium chloride compound was thus Obtained as a cream- 
coloured sandy powder. It was added gradually to an excess of 
dilute hydrochloric acid; the almost pure 1 4-acylguaiacol then 
separated as an oil, which quickly solidified a/nd was obtained in a 
yield’ of upwards of 50% of the theoretical. The nitrobenzene 
, filtrate from the alumi n iu m compound was dustiUed with steam to 
remove nitrobenzene and the remaining ojil was distilled under 
diminished pressure ; a further quantity of the 4-acylguaiacol was 
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thus obtained, followed at a temperature some 30° higher by the 
corresponding acylpyrocatechol. 

The 4-acylguaiacols and 4-acylpyrocatechols are easily crystallis- 
able compounds, the acylguaiacols being more soluble in organic 
solvents but less soluble in water than the corresponding acylpyro- 
catechols. The solubility of 4-acetylpyrocatechol.in water is such 
as to render water unsuitable for its recrystallisation, but this 
solvent may very conveniently be employed for recrystallising 
4-propionyl- and 4-^-butyryl-pyrocatechols, both of which are, 
with difficulty, soluble in benzene. 4-n-Valerylpyrocatechol and 
4-w-hexoylpyrocatechol are easily soluble in hot benzene. 

4- Acylguaiacols and acylpyrocatechols give green and very deep 
bluish-green colorations, respectively, with alcoholic ferric chloride. 
Certain constants of these compounds, with analyses, are given 
below : — 

3 p Found. Required. 

M. p. (15 mm.). % C. % H. Formula. % 0. % H. 


4- Propionylguaiacol 61 — 62° 180—185° 66*5 6-6 C^H^Os 66*7 6*7 

4-n-Butvryl 54—55 185—195 67*9 7*2 C X1 H 14 0 9 68*0 7*2 

4-n -Val&ryl „ ... 60—62 195—197 69*0 7*6 C ia H ie 0 3 69*2 7*7 

4-n -Hexoyl „ ... 60—62 212—215 70*1 8*1 C 13 H 18 0 3 70*3 8*1 

ArU-V alerylpyrocatechol 143—144 230—240 68*0 7*0 C^H^O* 68*0 7*2 

4-n -Hexoyl „ 93—94 240—250 69*1 7*6 C a3 H 10 O 8 69*2 7*7 


4-Propionylpyrocatechol and 4-w-butyrylpyrocatechol had b. p. 
210 — 220° and 220 — 230°/15 mm. respectively. The m. p. of each 
was identical with that given by Rosenmund and Lohfert {Ber., 
1928, 61 , 2601). 

The following derivatives of the acylguaiacols have been pre- 
pared : — 

4:-Propionylguaiacyl benzoate , m. p. 108 — 110° (Found : C, 71*6; 
H, 5*8. C 17 H 16 0 4 requires C, 71*8; H, ‘5*6%). 4:-Propionyl- 
guaiacol -p-nitrophenylhydrazone, yellowish needles, m. p. 151 — 152°, 
from alcohol (Found: N, 13*3. C 16 H 17 0 4 N 3 requires N, 13*3%). 
4:-n-Butyrylgmiacyl benzoate , m. p. 75 — 77° (Found: C, 72*0; H, 
6*0* C 1S H 18 0 4 requires C, 72*5; H, 6*0%), A-n-Butyrylguaiacol 
phenylhydrazone , pale yellow needles, m. p. 91 — 92°, from dilute 
alcohol (Found : N, 9*6. C 17 H 20 O 2 N 2 requires N, • 9*9%). 4-n- 
Valerylguaiacyl benzoate , m, p. 85 — 87° (Found : C, 73*0; H, 6*3. 
C 19 H 20 O 4 requires C, 73*1 ; H, 6*4%). 4 -rji-Hexoylguaiacyl benzoate , 
m. p. 54 — 55° (Found : C, 73*4 ; H, 6*8. C 20 H 22 O 4 requires C, 73*6 ; 
H, 6*7%). . ' 

(3) Isomerisation of Esters with Zinc Chloride. — (a) Phenyl 
acetate (100 g.) and powdered zinc chloride (15 g.) were heated at 
125° for 3 hours. The product gave o-acetylphenol (4 g. ; yield, 
4%) and ^-acetylphenol (8 g. ; yield, 8%). 

(6) m-Tolyl propionate (75 g.) and powdered zinc chloride (37*5 g.) 
were heated at 150 — 160° for 1 hour. The product was dissolved 
l2 
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in dilute hydrochloric acid and distilled with steam. Extraction of 
the distillate with ether and distillation of the extract under low 
pressure gave 15 g. of pure 4-propionyl-w-cresol (yield, 20%)* 

(c) To guaiacyl acetate (20 g.) at 200°, powdered zinc chloride 
(5 g.) was added. Vigorous ebullition took place, and after 1 
minute the melt was poured into water and boiled with dilute 
hydrochloric acid. Ether then extracted an oil, which was distilled 
under reduced pressure. A fraction, b. p. 180 — 200°/15 mm., 
solidified on cooling, and after crystallisation from benzene gave 
acetovanillone (5 g.), m. p. 113 — 114° (yield, 25%). 

(4) Condensation of Guaiacol with Fatty Acids by Means of 
Phosphorus Oxychloride . — Guaiacol (100 g.) and glacial acetic acid 
(200 g.) were mixed, and phosphorus oxychloride (200 g.) was added 
slowly. After being warmed gently on the steam-bath until the 
evolution of hydrogen chloride ceased (3 hours), the product was 
poured into water, and the guaiacol distilled with steam. The non- 
volatile oil was extracted with ether and distilled under diminished 
pressure. The fraction, b. p. 180 — 200°/15 mm., solidified, and after 
crystallisation from benzene gave isoacetovanillone (26 g.), m. p. 91 — 
92° (yield, 20%) (Found : C, 65*4 ; H, 6*3. Calc. : C, 65-1 ; H, 
6*1%). It crystallised from water in long needles (m. p. 59 — 60°) 
containing water of crystallisation (Schneider and Kraft, loc. cit ., gave 
m. p. 91°, and 66 — 69° for the hydrate), iso Acetovanillone phenyl - 
hydrazone melts at 102° (Found : N, 10*8. C 15 H 16 0 2 N 2 requires 
K, 10*9%), and iso acetovanillone benzoate at 141 — 142° (Found : 
C, 70*7 ; H, 5*3. C 16 H 14 0 4 requires C, 71*1 ; H, 5*2%). 

5-Propionylguaiacol was prepared similarly (yield, 25%) . It melts 
at 93 — 94°, and is moderately easily soluble in hot water or benzene 
(Found : C, 66*4; H, 6*7. C l0 H 12 O 3 requires C, 66*7; H, 6*77%). 
The benzoate melts at 96—98° (Found : C, 71*6; H, 5*8. C l7 H 16 0 4 
requires C, 71-8; H, 5*6%). 

5-n-Butyrylguaiacol , prepared similarly, melts at 81 — 82° (Found : 
C, 67*9; H, 7*2. C 13L H 14 0 5 requires C, 68*0; H, 7*2%). 

Reduction of Acylphenols to Alkylphenols. 

For the conversion of the carbonyl group into the methylene 
group in the series of hydroxyketones, the usual procedure was to 
boil the ketone (1 part) under reflux on the steam-bath for 12 — 20 
hours with amalgamated zinc (3 parts) and dilute hydrochloric acid 
(1 : 1) (6 parts) to which alcohol (2 parts) had been added. (When 
o-hydroxyketones were being reduced, the end of the reaction was 
clearly indicated by the failure of the colour reaction with ferric 
chloride.) The alcohol was removed by distillation with steam and 
the lower, phenols were separated by continued distillation with 
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steam, but the rate of distillation became too slow with the higher 
members of the series to permit of their being separated by this 
method. They were therefore extracted from the reaction mixture, 
distilled in a vacuum, and recrystallised wherever possible from 
light petroleum. The following table shows the new phenols which 
were prepared and certain constants and analytical data : — 


Phenol. 

E. p. 

(15 mm.). 

M.p. 

Found. 

% C. % H. 

Formula. 

Calc. 

% C. % H. 

V-n-Hezylphenol 

155° 

29° 

80*8 

10-1 

OiaHjsO 

80*9 

10*1 

o-n-Heptyl 

... 103 — 165 

— 

80-9 

10-5 


81*3 

10*4 

p-n -H&ptyl „ 

3-n-Butyl-o-cresol ... 

165 

24 

81*2 

10-3 

C ia H ao O 

81*3 

10*4 

... 117 — 119 

14 

80-3 

9-7 


80*4 

9*8 

5-n-Butyl 

127—129 

24 

80-1 

10*1 

CxxHtsO 

80*4 

9*8 

3-n -Amyl 

127—129 

32 

80-5 

10-3 


80*9 

10*1 

5-n-Amyl 

137—139 

28 

80-6 

10*2 

C 12 H ie O 

80*9 

10*1 

3-n- Hexyl 

139—141 

8 

80-9 

10*5 

C 13 H 20 O 

81*3 

10*4 

5-n-Hexyl 

147—149 

5 

81*4 

10-7 

c 13 h 20 o 

81*3 

10*4 

4-n-Butyl-m-‘cresol 

132—134 

18 

80*5 

9*9 

C„H 1# 0 

80*4 

9*8 

4rn-Amyl 

137—139 

24 

80-6 

10*2 

o 12 h 18 o 

80*9 

10*1 

4-n -Hexyl 

147—149 

17 

81*5 

10*6 

c X8 h 20 o 

81*3 

10*4 

4 - n-Heptyl „ 

5- n-Butyl-v-cresol 

153 — 155 

24 

81-3 

10*8 

CuH 22 0 

81*6 

10*7 

124 — 126 

19 

80-3 

9*7 

CxxHx.O 

80*4 

9*8 

3-n-Amyl 

135—137 

10 

80-5 

10*3 

c 12 h 18 o 

80*9 

10*1 

3-n-Hexyl 

148—150 

30 

81-0 

10*5 

C ia H 20 O 

81*3 

10*4 

5-J3thylguaiacol 

... 130—132 

35—36 

71-2 

8*0 

c 0 h„o 2 

71*1 

7*9 

5-n -Propyl „ 

... 132—134 

21—22 

72-1 

8*3 

CxoHxiO, 

72*3 

8*4 

4-n -Amyl „ 

... 155—157 

— 

74-0 

9*3 

Ci 2 H 18 0 2 

74*2 

9*3 

4 -n-Hexyl „ 

... 165—167 

— 

74-7 

9*6 

Cx,H 20 O 2 

75*0 

9*6 


A number of the phenols prepared in the course of this work 
were known previously, but had not been obtained crystalline, 
namely, ^-w-butylphenol, m. p. 12°; ^-w-amylphenol, m. p. 18°; 
4-w-propyl-m-cresol, m. p. 16° ; and 4-w-propylguaiacol, m. p. 16°. 
p-n-Propylphenol had m. p. 24°; Clemmensen (Ber., 1914, 47, 51) 
gives m. p. 21 — 22°. Aqueous solutions of sodium o- and p-butyl- 
phenoxides are colourless, contrary to the statements of Read and 
Mullen (J. Amer . Chem. Soc ., 1928, 50, 1764). 4-^-Butylguaiacol, 
prepared by the reduction of 4-%-butyrylguaiacol, had b. p. 140 — 
142°/15 mm. and its benzoate had m. p. 91*5° ; Nomura and Hotta 
{loc. cit.) give b. p. of the reduction product of zingerone as 141 — 
142°/13-5 mm. and m. p. of its benzoate as 92 — 93°. 

The following benzoates of the above phenols are new : — 


Found. Cale. 


Benzoate. 

M. p. 

%C. 

%H. 

Formula. 

%C. 

%H. 

V-n-Propylphem/l .... 

. 37—38° 

79*6 

6*8 

C 

10^16^2 

80*0 

6*7 

p-n-Butylphenyi .... 

. 24—25 

80-1 

7*0 

C 

ifHjaOg 

80-3 

7*1 

p -n-Hezylphwyl .... 

24 

80*4 

7*9 

c 

19 H 22 O 2 

80*8 

7*8 

p -n-H eptylphenyl .... 

. 32—33 

80*6 

8*3 

c, 

a „H 24 O s 

81*0 

8*1 

4- Ethylguaiacyl 

. 58—59 

74*7 

6*3 

c 

i 6 H lfl 08 

75*0 

6*2 

5-Ethylguaiacyl 

53 

74*8 

6*4 

c 


75*0 

6*2 

4 -n -H exylguaiacyl .... 

. 82—83 

76*8 

7*9 

c 

2 oH 24 O s 

76*9 

7*7 
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ment for carrying out many of the analyses recorded in this paper. 
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XLIV . — Reduction Products of the Hydroxyanthra- 
quinones. Part XI. 

By Edwin John Cross and Arthur George Perkin. 

When uns ym m etri cal hydroxyanthraquinones are reduced, in 
general only one of the two theoretically possible hydroxy- 
anthranols is produced ; e.g., l-hydroxyanthraquinone yields 1-hydr- 
oxyanthranol (or anthrone) (I), there being no evidence of the 
simultaneous formation of the 4-hydroxy-compound (II). 



The anthrone formula, which is applicable to 1-hydroxyanthranol 
(Mever and Sander, Annalen , 1920, 420, 113) and possibly to other 
1-hydroxyanthranols, is adopted in all cases throughout this paper 
for the sake of simplicity. 

Although hitherto it has not been possible to speculate with any 
certainty as to the influence of the hydroxyl group or groups of 
hydroxyanthraquinones in definite positions on the production 
therefrom of this or that isomeric hydroxyanthranol, a determination 
of the exact structure of the latter has added considerably to our 
knowledge in this respect. Por this purpose the conversion of 
hydroxyanthranol into hydroxybenzanthrone has been mainly 
studied, and the presence or absence of the a-hydroxyl group in 
the latter ascertained by the employment of methyl iodide and 
alkali. Thus, when the hydroxybenzanthrone (III) derived from 
(I) is so treated, methylation does not occur, giving evidence that 
the former is, without doubt, the 4- or 5-hydroxy-compound (III), 
and the latter the 1 -hydroxy-compound (Perkin and Spencer, J., 
1922, 121, 474). 



Although alizarin had hitherto been known to give but one 
anthranol (3 : 4-dihydroxyanthranol), Miller and Perkin (J., 1925, 
127, 2684), employing stannous chloride and hydrochloric acid, 
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obtained from alizarin 2-methyl ether a mixture of 4 -hydroxy -3- 
methoxy- and l-hydroxy-2-methoxy-anthranol (IV). The con- 
stitution of the latter became evident from the fact that, by treat- 
ment with glycerol and sulphuric acid, isobenzalizarin (3:4- or 
5 : 6-dihydroxybenzanthrone) (V) is obtained, a compound from 
which, by the reagents stated, only a monomethyl ether can be 
produced. 



Adopting the same methods, it has been shown by Cross and Perkin 
(J., 1927, 1297) that the anthranols derived from anthrapurpurin, 
flavopurpurin, and anthragallol are respectively the 3 : 4 : 6-, 1 : 2 : 6-, 
and 1:2: 3-trihydroxy-compounds, the last yielding 2:3: 4-tri- 
hydroxybenzanthrone (VI). 

The a-hydroxyl group in hydroxybenzanthrones is not only 
resistant to methylation but is much less readily acetylated than 
the a-hydroxyl of hydroxyanthraquinones : for instance, a fully 
acetylated derivative can be prepared from (V) only with difficulty, 
and from (VI), as yet, only a diacetyl compound has been obtained. 
Evidently, therefore, the chelate ring in a-hydroxybenzanthrones 
possesses a much firmer character than that which is present in 
a-hydroxyantbraquinones. 

Green (J., 1927, 2341) suggests the employment of thionyl chloride 
as a reagent for the determination of the structure of hydroxy- 
anthranols, in that ortho- and peri-hydroxyls when present in a 
phenol yield thionyl derivatives, whereas such compounds are not 
given by meta- and para-dihydric phenols (J., 1924, 125, 1450; 
1926, 1428, 2198 ; 1927, 500, 554). In order to illustrate the utility 
of this method, he examined only three anthranols, viz ,, 1-hydroxy- 
anthranol (I), 4-chloro- 1 -hydroxyanthranol, and anthragallol- 
anthranol. Of these, the first two only yielded thionyl compounds, 

SO 


evidently of the type 



whereas the last did not so 


react. From this scanty evidence, and notwithstanding the proof 
given by Cross and Perkin (loc. cit.) to the contrary, this author 
concludes that anthragallolanthranol is not the 1:2 ; 3 -trihydroxy - 
anthranol (1:2:3: 9-tetrahydroxyanthracene) but the 2 : 3 : 4- 
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trihydroxyanthranol (1:2:3: 10-tetrahydroxyanthracene). It ap- 
pears at first sight somewhat strange that l-hydroxyanthranol, 
which in reality is 1-hydroxyanthrone (Meyer and Sander, loc. cit.), 
reacts with thionyl chloride in the manner indicated, unless in these 
circumstances tautomerisation of the anthrone to the anthranol is 
presumed to occur. 

It has been shown by Dimroth and Faust {Ber., 1921, 54, 3020) 
that when a-hydroxyanthraquinones are treated with boroacetic 
anhydride, boric esters are produced. 1-Hydroxyanthxaquinone 
thus yields 1-hydroxyanthraquinone boroacetate (VII), and 
diboroacetates are given by 1 : 4- and 1 : 5-dihydroxyanthraquinones. 



The compounds are decomposed by water, giving a-hydroxy- 
anthraquinone and boric and acetic acids. The application of 
this method to a-hvdroxyanthranols (anthrones) was tested first 
with l-hydroxy-2-methoxyanthrone : a boroacetate, however, 
could not be prepared, for, although with the boiling reagent 
chemical alteration evidently occurred, in the cold a product of an 
indefinite character resulted. Anthragallolanthranol at first gave 
substances of an indefinite character, and it was only by the em- 
ployment of special conditions that success was attained. Though 
different preparations of the orange crystalline product varied some- 
what in composition, there could be no doubt that they essentially 
consisted of a boroacetic ester of 1 : %-dihy dr oxy-2-acetoxy anthranol 
(VTII), and this result further confirms the statement of Cross and 
Perkin (be. cit.) that the anthranol prepared by the reduction of 
anthragallol itself is the 1:2: 3 -trihydroxy- compound (IX). 

The fact that, with stannous chloride and hydrochloric acid, 2- 
ethylcarbonatoalizarin gives 1 -hydroxy- 2-ethylearbonatoanthranol, 
apparently as sole product (Perkin and Story, J., 1929, 1405), 
suggested as desirable a study of the influence, if any, of the acyloxy- 
group in acyloxyanthraquinones on the orientation of the hydroxy - 
or acyloxy-groups in the anthranols derived therefrom by reduction. 
The method here adopted, which consists in adding stannous 
chloride-hydrochloric acid to a hot solution of the acyl compound 
in acetic acid, has given results of interest. From triacetylanthra- 
gallol, thus treated, two anthranols are obtained : (a) the 1:2:3- 
trihydroxy-compound (IX), present in but small amount, and (b) 
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the main product, which consists, as shown below, of the hitherto 
unknown 2:3: i4rihy dr oxy -^-anthranol (X). 



As the acetoxy -group is so readily hydrolysed in the circumstances, 
it is remarkable that such a process can be applied to acetyl com- 
pounds. That the elimination of the acetyl group here only occurs 
when reduction is complete and not, at least to any extent, prior to 
this process in most instances, is due to the extreme rapidity of the 
latter reaction, for this in general occupies but a few seconds, 
though in practice a somewhat longer digestion has usually been 
employed. If stannous chloride-hydrochloric acid is added to a 
warm solution of the acetoxyanthraquinone in acetic acid and the 
mixture is kept without further heating, complete reduction usually 
occurs over-night. 

In order to ascertain the constitution of (X), it was heated with 
glycerol and sulphuric acid, and there was thus obtained, with 
considerable difficulty and in small amount, a trihydroxy benz- 
anthrone, here termed benzanthragallol. This compound, which 
differs considerably in properties from the isobenzanthragallol (VI) 
derived from 1:2: 3-trihydroxy-9-anthranol, readily gives a 
trimethyl ether when treated with methyl iodide and alkali, whereas 
the isomeride does not. Benzanthragallol, therefore, has the 
constitution (XI), and can thus have only originated from the 
2:3: 4-trihydroxy-9-anthranol (X). 




A complete proof is thus afforded that, on reduction, anthragallol 
itself gives 1:2: 3 -trihydroxy- 9 -anthranol , and not, as suggested 
by Green, the 2:3: 4-trihydroxy-9- (or 1:2: 3-trihydroxy-lO-) 
anthranol. It is moreover evident that thionyl chloride is hardly 
a trustworthy reagent for the detection of the 1-hydroxyl group in 
hydroxyanthranols. 

The reduction of 2 : 3-diacetylanthragallol in a similar manner 
was now studied, the result being the production of l :2:3-tri- 
hydroxy-9-anthranol (IX) identical with that given by anthragallol 
itself. 


Jin 
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In order to illustrate more clearly the effect of the acetyl and 
other groups in this connexion, the results of this section of the 
investigation are embodied in the following table, and here, for 
purposes of comparison, the reduction products given by the free 
hydroxyanthxaquinones are also included. 


Anthraquinones . 
Anthragallol 

Triaeetylanthragallol 

Diacetylanthragallol 

Tribenzoylanthragallol 

Dibenzoylanthragallol 


Triethylcarbonato- 

anthragallol 

Diethylcarbonato- 

anthragallol 

Alizarin. : « 

(acid solution) 

(alkaline solution) 
2-Acetylalizarin 
Diacetylalizarin 
Alizarin 2-methyl 
ether 

Acetylalizarin 
2-methyl ether 
1 - Acetoxyanthra- 
quinone 

1 : 8-Dihydroxy- 
anthraquinone 
I : S-Diacetoxy- 
anthraquinone 
1:2: 6-Trihydroxy- 
anthraquinone 


. Anthranols ot 

1:2: 3-Trihydroxy-9- 
anthranol 

f> » 

it it 


Bibenzoyl- 1 : 2 : 3-tri- 
hydroxy- 9-anthranol 
Monobenzoyl- 1 : 2 : 3-tri- 
hydroxy - 9 - anthr and 
2 : 3-Diethylcarbonato-l- 
hy dr oxy - 9 -anthranol 

» it 

2-Ethylcarbonato-l : 3- 
dihy dr oxy - 9 - anthranol 

1 ; 2-Bihydroxy-9- 
anthranol 

H it 

tt „ (trace) 

I -Hydroxy -2 -methoxy- 9 - 
anthranol 


1 : 8-Dihydroxy-9- 
anthranol 


1:2: 6-Trihydroxy-9- 
anthranol 


by reduction. 


2:3: 4-Trihydroxy-9- 
anthranol 

Dibenzoyl-2 : 3 : 4-tri- 
hydroxy-9-anthranol 


Dicarbethoxy-2 : 3 : ^tri- 
hydroxy^ -anthranol 


3 : 4-Dihydroxy-9- 
anthranol 

t> a 


it a 

4 -Hydroxy -3 -methoxy -O' 
anthranol 

a a 

4-Hydroxy-9 -anthranol 


4 : 5-Dihydroxy-9- 
anthranol (XII) 


Although; acetoxyanthraquinones are reduced very rapidly 
(loc. cit .) by the method here employed, the reduction of ethyl- 
carbonatoanthxaquinones (or at least of triethylcarbonato- 
anthragallol) occurs more slowly, because, though, in the circum- 
stances employed, the carbethoxy-group is less readily eliminated 
than the acetyl group, it is apparent that, in the instance above cited, 
some hydrolysis with removal of the ethylcarbonato-group has taken 
place, both before and after the reduction. Thus, under the 
conditions employed (see above), triethylearbonatoanthragallol (A) 
yields in part diethylcarbonatoanthragallol (B). (A) on reduction 
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gives 2:3: 4 4riethylcarbonatoanthrone f passing by subsequent 
hydrolysis to the diethyl compound, whereas from (B) 1 -hydroxy- 
2 : 3-dietJiylmrbonatoanthrone is obtained. 

Among the points of interest indicated above are the preparation, 
not only of the two new hydroxy anthranols (II) and (X), but of 
4-hydroxy-3-methoxy- and 1 : 2-dihydroxy-9-anthranols, compounds 
hitherto not readily obtained, in almost quantitative yield. That 
1 : 2 - dihydroxy- 9 - anthranol can also be prepared in this way directly 
from alizarin — though in conjunction with the 3 : 4-dihydroxy- 
compound — has also been ascertained for the first time, and this 
affords evidence that reduction of an a-hydroxyanthraquinone in 
acid solution and in an alkaline medium does not of necessity 
proceed in an identical maimer in both cases. 

The results of this investigation indicate that when hydroxy- 
anthraquinones containing an a-hydroxy- group are reduced in an 
acid solution in the manner indicated, the a-hydroxy-group as a rule 
is found to be in the 1 -position adjacent to the carbonyl group, or 
to the hydroxyl in the 9-position of the resulting hydroxyanthrone 
or hydroxyanthranol. If, on the other hand, the a-hydroxyl of the 
hydroxyanthraquinone is acylated before reduction, the reverse is 
the case, this hydroxyl then occupying the 4-position in the product. 
In other words, the carbonyl adjacent to the acyloxy-group in 
a-acyloxyanthraquinones is preferably reduced : this is clearly shown 
by (I) and (II), which represent respectively the reduction products 
of 1 -hydroxy- and 1-acetoxy-anthraquinone. If in these cases the 
reaction proceeds according to the usually accepted scheme (XIII), 
an explanation of the fact cited above, in the light of our present 
knowledge, is difficult, because it is in no way clear why, in the 

/C(\ /C(OHK /CH(OH)\ ,C(OHK s /CO N 
(Xin.) (a) (b) (c) ](<i) <-± (e) 

NCCK v 'C(OH) / ''CH(OH)' N CH / 'CH./ 

change of (XIV) into (XV) (c — d) during the reduction of 1 -hydroxy- 
anthraquinone to 1 -hydroxyanthrone (or anthranol), water should 
be split off only in the manner indicated, and not in both directions 



with the simultaneous formation of 1- and 4-hydr oxyanthranols , 
It seems reasonable to infer that the influence dominating the 
formation of 1-hydroxyanthranols from a-hydroxyanthraquinones 
by acid reduction is the chelate linkage between the a-hydxqxyl and 
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the carbonyl group of the latter. This renders the latter immune 
from reduction, a fact which can also be expressed by saying that 
the chelate linkage remains intact in the series of changes involved. 
Such a suggestion can be indicated (XVI) by the stages (a) dihydroxy - 
pinacol, (b) hydroxyanthranol, (c) dianthrone, (d) ant hr one, (e) 
anthranol. On the other hand, when the a-hydroxy-group is 

OH 

✓00v/\ 

/CO N 

/G(OH\ M3H(OHK 
(XVI.) I I M J 

C0/ OH 

acylated the chelate linkage is destroyed, and the adjacent carbonyl 
group is no longer immune from reduction. Of interest in this 
respect is the statement of Meyer and Sander ( loc . cit.) that 1- 
hydroxy-9-anthranol is produced when 1-hydroxyanthraquinone is 
reduced in acid solution, and that only by the use of alkaline media 
could the corresponding anthraquinol be obtained. If the scheme 
outlined above is to be considered, at least in the main, correct, 
proof of the formation of hydroxydianthrones (stage c) during the 
reduction process is necessary, and though there have been indic- 
ations during more recent work, in special instances, of the presence 
of such compounds in the final products, further investigation is 
necessary to determine if their formation in this manner from 
a-hydroxyanthraquinones is of general occurrence. 

An exception to the rule that a-hydroxyanthraquinones yield on 
reduction 1 -hydroxy anthrones (or anthranols) is the 1:2: 7-tri- 
hydroxy-compound (anthrapurpurin) (loc. cit.), which gives both 
with stannous chloride-hydrochloric acid and with aqueous 
ammonia and zinc dust, 3:4: 6-trihydroxy-9-anthranol. In the 
case of anthrapurpurin, however, two factors can be considered 
to influence the reaction : (a) the 1 -hydroxy-group and (b) the 
remote (3-hydroxy-group in the 7-position. Whereas it is to be 
anticipated that the former (compare alizarin) will tend, though 
only in part (loc. cit.), to give an a-hydroxyanthrone, the latter (com- 
pare 2-hydroxy- and 2-acetoxy-anthraquinone, which, as experi- 
ment has shown, both yield 3-hydroxyanthranol as sole product) 
will desire to take up the 6-position in the resulting hydroxy- 
anthranol. The latter influence evidently predominates in the 
present instance : this point will be further discussed in a subse- 
quent communication. 

In the German patent 187495 (Friedlander’s “ Fortschritte,” IX, 


/ 


CO 


\ 


XCH/ 

(e) (<*) 

/CH X \ CH 


/C(OHK 

± (fl) 

X CH / 


Mxy 
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816) two methods are given for the preparation of hydroxybenz- 
anthrones : (a) the action of glycerol and sulphuric acid on hydroxy- 
anthranols and (b) the si m ilar treatment of hydroxyanthraquinones 
in the presence of reducing agents. That in these circumstances the 
product of the reduction, according to the patent, of a hydroxy- 
anthraquinone and the anthranol derived therefrom by alkaline 
reduction, do not necessarily give the same hydroxybenzanthrone 
is obvious from the results of the present investigation, and indeed 
the properties given in the patent of the hydroxybenzanthrone 
derived from alizarin differ markedly from those of the 7 : 8-di- 
hydroxy-compound (Perkin, J., 1920, 117, 702) which is obtained 
in a similar manner from 3 : 4-dihydroxyanthranol (deoxyalizarin). 
Evidently, therefore, the former product is either 3:4- or 5:6- 
dihydroxybenzanthrone. Turski and Grynwasser (Rocz. Chem. 3 
1929, 9, 78) purport to have decided this point by synthetical 
methods and describe these compounds as melting at 285° and 185° 
respectively. Their paper * is remarkable in that it consists merely 
of a series of statements. It contains no account of the properties 
or the melting points of the new compounds which were prepared 
for the purpose of these syntheses, and but one analysis seems to 
have been performed, the figures of which are not stated. The 
results of these authors, at least in regard to one or other of the 
dihydroxybenzanthrones they describe, are not in harmony with 
those of Miller and Perkin ( loc . cit.), who obtained asobenzalizarin 
(V) from l-hydroxy-2-methoxyanthranol; for this, which melts at 
265°, is either the 3:4- or the 5 : 6-dihydroxy-compound. A 
reinvestigation has confirmed the correctness of the melting points 
previously given both for this compound and for its acetyl derivative 
(243 — 245°). The action of glycerol and sulphuric acid on alizarin 
in the presence of aniline sulphate was now studied, with the result 
that the crude product obtained resembled that described in the 
patent, more especially in regard to its giving strongly fluorescent 
solutions both in sulphuric acid and in dilute alkali. This substance 
is, however, a mixture, for on treatment by the method described 
below, a more sparingly soluble fraction can be isolated in small 
amount, which is devoid of fluorescent property. This yielded an 
acetyl compound melting at 243 — 245°, and without doubt consisted 
of isobenzalizarin. There is no reason why alizarin, in the cir- 
cumstances, should not yield isomeric hydroxybenzanthrones, and 
if this is so, it is possible that the compound, m. p. 185°, described 
by Turski and Grynwasser as 5 : 6-dihydroxybenzanthrone, which 
gives fluorescent solutions in the manner indicated, is present in 

* For a translation of this paper, which is written in Polish, we are indebted 
to the kindness of Mrs. J. W. McLeod of Leeds. 
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the more soluble fraction of the reaction product. Should such be 
the case, then tsobenzalizarin is 3 : 4-dihydroxybenzanthrone, and 
the nature of the compound they describe as melting at 285°, and 
to which they ascribe the same constitution, is not clear. 

Experimen tal. 

Reduction of Triacetylanthragallol. — To a boiling solution of 
triacetylanthragallol (10 g.) in acetic acid (100 c.c.), stannous 
chloride (40 g.) dissolved in warm hydrochloric acid (100 c.c.) * 
was added. The pale yellow liquid darkened, became lighter when 
boiled for a short time, and deposited crystalline 2:3: 4 -trih/ydroxy- 
9-anthranol (X). After cooling, this was collected, washed with a 
mixture of acetic and hydrochloric acids and with water, and dried 
(yield, 4*3 g.). Addition of water to the filtrate gave a precipitate 
(1*5 g.) of which the colour reactions and the m. p. of the monoacetyl 
derivative, m. p. 239 — 240° (decomp.) (Breare and Perkin, J., 1923, 
123 , 2607), showed that it was 1:2: 3-trihydroxy-9-anthrone (or 
anthranol). The total yield of anthranols (5-8 g.) represents 91*6% 
of the theoretical amount. 

2 : 3 : 4:-Triacetoxy-9‘anthranyl acetate was readily obtained by 
digesting the 2:3: 4-trihydroxy-compound with boiling acetic 
anhydride and pyridine for a short time and adding alcohol to the 
product after cooling. The crystals obtained formed colourless 
prisms, m. p. 199 — 201°, after recrystallisation from alcohol-acetic 
acid (Pound : C, 64*2 ; H, 4*45 ; C 2 H 4 0 2 , 58*3. C 22 H 18 0 8 requires 
C, 64*4; H, 4*4 ,* C 2 H 4 0 2 , 58*5%). 

2:3: 4-Trihydroxy-9-anthranol can be obtained only in a crude 
condition and of a deep green colour when the acetyl compound is 
’ hydrolysed with hydrochloric acid in the usual manner. If, how- 
ever, a solution of the acetyl compound in boiling acetic acid is 
digested with half its volume of stannous chloride-hydrochloric 
acid until crystals commence to separate, the anthranol is obtained 
in needles which have, at most, a pale greenish tint. When heated, 
it gradually darkens, does not melt below 300°, and at this temper- 
ature is greenish-black (Pound : C, 69*4 ; H, 4*2. C 14 H 10 O 4 requires 
0, 69*4; H, 4*1%). The possibility, suggested by its high melting 
point, that this compound might be a dianthrone rather than an 
anthrone (anthranol) was disproved by a molecular- weight deter- 
mination of the tetra-acetyl compound by the cryoscopic method 
with naphthalene as solvent (Found : M, 400. C 22 H 18 0 8 requires 
M, 410. As the colourless solution, which has a faint blue fluor- 
escence, gradually darkens, the initial readings only are trustworthy) . 

* This concentration of stannous chloride in hydrochloric acid was employed 
throughout the investigation. 
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2:3; 4-Trihydroxy- 9-anthranol gives in 10% aqueous sodium 
hydroxide an orange solution which becomes yellow and finally 
brown in air : in the same circumstances, 1:2: 3-trihydroxy-9- 
anthranol gives an orange liquid which eventually develops a deep 
violet tint. Again, the latter in alcoholic solution gives with 
benzoquinone violet crystals of anthragallol dianthronequinone 
(Breare and Perkin, lot. cit,), but the 2:3: 4-trihydroxy-compound 
is devoid of this characteristic. When oxidised with chromic acid 
in acetic acid solution, 2:3: 4-triacetoxy-9-anthranyl acetate 
yielded orange crystals, m. p. 218 — 220°; these probably consisted 
of 2 : 3-diaeetylanthragallol, as triacetylanthragallol was obtained 
from them by acetylation. Attempts to prepare a dianthrone from 
2:3: 4-trihydroxy-9-anthrone have been unsuccessful. 

Benzanthragallol , — A mixture of 2:3: 4-trihydroxy-9-anthranol 
(1 g.), sulphuric acid (8 c.c.), water (6 c.c.), and glycerol (2 g.) was 
heated with stirring to 120 — 125° during 20 minutes, and kept there 
for the same period. The product was poured into water, the washed 
precipitate dried and digested with alcohol, the concentrated solu- 
tion poured into ether, and the ethereal solution well washed. 
Evaporation gave a brown residue, from which, by acetylation with 
acetic anhydride and pyridine, minute yellow crystals (0-05 — 0*07 g.) 
were obtained. These were again acetylated, crystallised from 
acetic acid, and, being still impure, hydrolysed with hydrochloric 
acid in the usual manner. The product was dissolved in alcohol, 
and boiling water added to the filtered solution, which caused the 
separation of small orange-yellow prisms. These gradually darkened 
above 200° and became black at about 290° without any sign of 
fusion (Pound : C, 73*0 ; H, 3*8. C 17 H 10 O 4 requires C, 73*4 ; H, 
3*6%). This substance, benzanthragallol , dissolves in sulphuric 
acid with a crimson, and in 1% caustic soda solution with a violet 
colour which quickly fades to a yellow tint in air. With 10% 
caustic soda solution, a deep blue colour is obtained which becomes 
green and then yellow in air. Benzanthragallol dyes mordanted 
woollen cloth in shades distinct from those given by anthragallol 
and by iaobenzanthragallol, although they approximate in depth 
to those given by the former colouring matter. Orange, orange- 
brown, red-brown, and dark brown shades are given by tin, alumin- 
ium, chromium., and iron mordants respectively. 

Triacetylbenzanthragallol, prepared in the usual manner, gives a 
fluorescent solution in acetic acid and crystallises therefrom in 
pale yellow needles, m. p. 221—223° (Found: C, 68*3; H, 4*1; 
C 17 H ia 0 4 , 68*5. 0 23 H 16 0 7 requires C, 68*3; H, 4*0; C 17 H ia 0 4 , 
68 * 8 %). 

M ethylation. To a boiling mixture of triacetylbenzanthragaflol 



302 CROSS AND RERKIN I REDUCTION PRODUCTS OF 

(0-5 g.) in methyl alcohol (7-5 c.c.) and methyl iodide (3 c.c.), caustic 
potash (0-5 g.) * in methyl alcohol was added during 12 hours. The 
product was concentrated, poured into ether, insoluble resinous 
matter removed, and the ethereal solution washed with dilute 
alkali and evaporated. The residue, crystallised first from benzene 
and then from alcohol, yielded lemon-yellow, hair-like needles 
(0-07 g.), m. p. 143 — 144° (Found: C, 74-6; H, 5-1; CH S , 13*9. 
C 2 oH 16 0 4 requires C, 75-0 ; H, 5-0; CH 3 , 14*1%). Benzanthragallol 
trimethyl ether can also be prepared by methylating benzanthragallol 
with methyl sulphate in the usual maimer. Its yellow ethereal 
and alcoholic solutions have a green fluorescence. 

Reduction of 2 : Z-DiacetylanthragalloL — On treatment of this 
compound with stannous chloride-hydrochloric acid by a similar 
method to that employed with triacetylanthragallol, only 1:2:3- 
trihydroxy-9-anthrone (or anthranol) was produced. 

Tribenzoylanthragallol. — Dibenzoylanthragallol (see below) (2 g.), 
dissolved in pyridine (6 c.c.), was treated with benzoyl chloride 
(1 c.c.) ; crystals (2*3 g.) separated, and after dilution with an equal 
volume of alcohol these were removed and recrystallised from 
benzene-alcohol, pale yellow prisms, m. p. 213 — 215°, being obtained 
(Found : C, 73*8 ; H, 3*35. C 35 H 20 O 8 requires C, 73*9 ; H, 3*5%). 

Reduction. To tribenzoylanthragallol (1 g.) in boiling acetic acid 
(50 c.c.), a boiling solution of stannous chloride-hydrochloric acid 
(25 c.c.) was added; the green precipitate first formed became 
colourless and crystalline after a few minutes 5 boiling. When cool, 
the crystals (0*5 g.) were removed (filtrate A), washed with hydro- 
chloric acid and water, and recrystallised from acetone, almost 
colourless prisms containing acetone of crystallisation being obtained. 
When freed from solvent of crystallisation, these melted at 212 — 
214° (Found : C, 74*4; H, 4*1 ; C 7 H 6 0 2 , 55*6. C 28 H 18 0 6 requires 

C, 74*7; H, 4*0; C 7 H 6 0 2 , 54*2%). A further quantity of this 
substance was isolated from filtrate A by dilution with water ; the 
precipitate was collected, washed with hydrochloric acid and water, 
dried, and dissolved in boiling alcohol, from which crystals (0*25 g.) 
separated on cooling. 

In order to eliminate the benzoyl groups from this compound, 
dibenzoyl-2 : 3 : 4:-trihydroxy-9-anthrone (or anthranol) i it was sus- 
pended in methyl alcohol, caustic soda solution added in small 
amount, and the mixture boiled for a few seconds. Acidification 
now yielded a dark purple precipitate, which was extracted with 
sodium bicarbonate solution to remove benzoic acid, dried, and 
acetylated. The product, repeatedly crystallised from alcohol- 

* Commercial stick. Theory requires 0*415 g. KOH for hydrolysis of the 
acetoxy -groups and formation of the trimethyl ether. 
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acetic acid, was obtained as colourless prisms, identical (mixed 
melting point) with 2:3: 4-triacetoxy-9-anthranyl acetate. 

Dibenzoylanthrag allot. — Benzoyl chloride (2-3 c.c.) was slowly 
added to anthragallol (2 g.) in pyridine (10 c.c.) and after a while the 
solution was diluted with alcohol (10 c.c.). Crystals (2-5 g.) separated, 
and on recrystallisation from benzene were obtained as yellow 
leaflets, m. p. 204 — 206°. As this melting point is very similar to 
that of tribenzoylanthragallol (m. p. 213 — 215°), a determination 
of the molecular weight was necessary (Found : C, 72-4 ; H, 3-6 ; 
if, 453. C 28 H 16 0 7 requires C, 724; H, 345%; M, 464). 

Reduction . To a boiling solution of dibenzoylanthragallol (1 g.) 
in acetic acid (60 c.c.), stannous chloride-hydrochloric acid (20 c.c.) 
was added slowly in order to avoid precipitation and the mixture was 
boiled for 5 minutes. On cooling, crystals (0*6 g.) were gradually 
deposited (filtrate A); these were washed with hydrochloric acid 
and then with water, and recrystallised from acetic acid, very pale 
yellow needles, m. p. 188 — 190°, being obtained (Found : C, 74-8; 
H, 4*0. C 28 H 18 0 8 requires C, 74*7 ; H, 4*0%). 

This substance, dibenzoyl-1 : 2 : 3 -trihydroxyanihrone (or 
anthranol), suspended in boiling alcohol, was treated with a few 
drops of caustic soda solution (10%). The deep yellow liquid first 
formed quickly became brown and from this by acidification and 
dilution with water a dark violet precipitate separated. This was 
collected, extracted with sodium bicarbonate solution to remove 
benzoic acid, and acetylated with a mixture of equal parts of 
acetic anhydride and acetic acid. Crystals separated as the boiling 
proceeded, and these, which after recrystallisation from much 
acetic acid melted at 239 — 240° (decomp.), consisted without doubt 
(mixed melting point) of monoacetyl- 1 : 2 : 3-trihydroxyanthrone 
(or anthranol). 

From the filtrate (A), on dilution with water, a precipitate (0-2 g.) 
separated. This, repeatedly crystallised from alcohol-acetic acid, 
gave colourless plates, m. p. 213 — 216° (decomp.) (Found : C, 72*7 ; 
H, 4*2. C 21 H 14 0 5 requires C, 72*8 ; H, 4*05%). As this compound 
on alkaline hydrolysis yielded an anthranol having the characteristic 
properties of the 1:2: 3-trihydroxy-compound, it was evidently 
monobenzoyl-1 : 2 : 3 -trihydroxyanihrone (or anthranol ). 

Triethylcarbonatoanthragallol. — Diethylcarbonatoanthragallol (Per- 
kin and Storey, J., 1928, 242) (6 g.) was dissolved in a mixture of 
pyridine (3 c.c.) and benzene (60 c.c.) and, after partial cooling, 
ethyl chloroformate (12 c.c.) was added all at once to the stirred 
solution. Viscid matter was gradually deposited, and after addition 
of charcoal the mixture was boiled, and the liquid filtered and 
evaporated to dryness with stirring. The residue, after being 



304 


CROSS AND PERKIN : REDUCTION PRODUCTS OP 


washed with alcohol, crystallised from alcohol-acetic acid in very 
pale yellow prisms (5*9 g.), m. p. 103 — 105° (Found : C, 58*4 ; H, 
4-3* C 23 H 20 O n requires 0, 58*5 ; H, 4*2%). 

If a suspension of triethylcarbonatoanthragallol in cold pyridine is 
kept over-night, it is converted without apparent solution into the 
diethylcarbonato-derivative. Tribenzoylanthragallol is, however, 
not thus affected. Diethylcarbonatoanthragallol is again produced 
when a cold acetic acid solution of the triethylcarbonato-compound 
is treated with stannous chloride-hydrochloric acid, and the mixture 
kept over-night. This accounts for the fact (see below) that, when 
triethylcarbonatoanthragallol is reduced in the manner indicated, the 
products are identical with those given by the diethylcarbonato- 
derivative. 

Reduction. To a boiling solution of triethylcarbonatoanthragallol 
(4 g.) in acetic acid (40 c.c.), a boiling solution of stannous chloride- 
hydrochloric acid (40 c.c.) was added. The precipitate first formed 
rapidly redissolved and the deep orange solution gradually became 
pale yellow. After 2 days, the crystals (0*9 g.) (filtrate A) were 
removed and recrystallised from alcohol-acetic acid, pale yellow 
prisms, m. p. 131 — 132°, being obtained (Found : C, 62*4; H, 4*9. 
C 20 Hi 8 O 8 requires C, 62*2 ; H, 4*7%). 

The removal of the carbethoxy-groups from this compound, 
which evidently consisted of l-hydroxy-2 : 3-diethylcarbonato-9- 
anihranol, and the acetylation of the product were carried out as 
with dibenzoyl-1 : 2 : 3-trihydroxyanthranol, monoacetyl- 1 : 2 : 3- 
trihydroxy-9-anthranol being obtained. 

Addition of water to filtrate (A), which had a strong odour of 
ethyl acetate, gave a resinous precipitate. This, after being washed, 
was dissolved in a little alcohol ; the crystals (1 g.) obtained, on 
recrystallisation from alcohol, yielded colourless needles, m. p. 
156 — 158° (Found : C, 62*1 ; H, 4*8. C 20 H 18 O 8 requires 0, 62*2 ; 
H, 4*7%). As this substance gave 2:3: 4-triacetoxy-9-anthranyl 
acetate by alkaline hydrolysis and subsequent acetylation, it con- 
sisted of diccvrbeihoxy-2 : 3 : 4c-irihydroxy- 9 - anthranol (or anthrone). 

Dieihylmrbonatoanihragallol. — The method employed for the 
preparation of this compound differed somewhat from that given 
by Perkin and Storey (loc. cit.). To anthragallol (5 g.) in hot 
pyridine (20 c.c.), ethyl chloroformate (6*5 c.c.) was slowly added, 
followed, after cooling, by alcohol; the crystals obtained melted at 
I74r— 175° after recrystallisation from acetic acid. 

Redaction. A boiling solution of stannous chloride-hydrochloric 
add (120 c.c.) was added to diethylcarbonatoanthragallol (6 g.) in 
boiling acetic acid (120 c.c.}. Next day, the crystals (2*4 g.) which 
had separated were collected (filtrate A) and repeatedly crystallised 
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from alcohol-acetic acid. The product was identical with the 
diethylcarbonato-1 : 2 : 3-trihydroxy-9-anthrone (mixed melting 
point) prepared in part (see above) by the reduction of triethyl- 
carbonatoanthragallol. 

From the filtrate (A) by addition of water a precipitate was 
obtained which, when digested with alcohol, yielded crystals (1 g.) ; 
these, recrystallised from acetic acid, gave almost colourless prisms, 
m. p 218—219° (decomp.) (Found: 0, 64-9; H, 4-7. C 17 H 14 0 6 
requires C, 65-0; H, 4*5%). Alkaline hydrolysis gave 1:2:3- 
trihydroxy-9janthrone (or antkranol) — evidence that the com- 
pound 'was its monocarb ethoxy-derivative. From the alcoholic 
filtrate, only resinous matter could be isolated. 

Reduction of Monoacetylalimnn. — To monoacetylalizarin (5 g.) 
in boiling acetic acid (50 c.c.), boiling stannous chloride-hydrochloric 
acid (50 c.c.) was added, and the digestion continued for a few 
minutes. The mixture slowly deposited pale orange plates of 1 : 2- 
dihydroxyanthrone (3 g.), which, after recrystallisation from alcohol, 
melted at 149—151° (Found : C, 74*7 ; H, 4*7. Calc, for C 14 H 10 O 3 : 
C, 74*3; H, 4*4%). Acetylation in the usual manner gave 1 : 2- 
diacetoxy-9-anihranyl acetate , which crystallised from alcohol- 
acetic acid in colourless plates, m. p. 185 — 187° (Found : C, 68*1 ; 
H, 4*8. C 20 H 16 O 6 requires C, 68*2; H, 4*5%). 

The filtrate from the reduction mixture gave a further 0*4 g. of 
1 : 2-dihydroxyanthrone on addition of water. 

Reduction of Diacetylalizarin. — Stannous chloride-hydrochloric 
acid (50 c.c.) was added to diacetylalizarin (5 g.) in boiling acetic 
acid (50 c.c.), and the mixture boiled for a few minutes. The 
liquid, at first orange-red, soon became lighter in colour and, on 
keeping, deposited orange needles consisting apparently of the 
oxonium salt. These were removed (filtrate A) and decomposed 
by digestion with boiling water, yielding a pale yellow product 
(2*35 g.) which was shown to be deoxyalizarin by the melting point 
of its acetyl compound in admixture with acetyldeoxyalizarin. 

The filtrate A, on dilution with water, gave a precipitate (0*35 g.) 
(filtrate B) of 1 : 2-dihydroxyanthrone, identified in the form of 
its acetyl derivative, m. p. 185 — 187°. 

From the filtrate B, by saturation with sodium chloride, a further 
amount (0*65 g.) of deoxyalizarin was isolated. 

Reduction of Acetylalizarin 2-Methyl Ether. — A solution of the 
ether (30 g.) in boiling acetic acid (300 c.c.) was slightly cooled, and 
stannous chloride-hydrochloric acid (120 c.c.) then added. An 
orange precipitate immediately separated which became crystalline 
and lighter in colour on keeping. After 60 hours, the crystals 
(22 g.) were collected : they consisted, without doubt, of 4-hydroxy- 
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3 -methoxyanthranol (Miller and Perkin, loc. cit.)< From the acid 
filtrate, a trifling amount of the same compound could be 
isolated. 

Reduction of Alizarin . — To a boiling solution of alizarin (2 g.) in 
acetic acid (100 c.c.), hot stannous chloride-hydrochloric acid (100 
c.c.) was added and the mixture was boiled for a few minutes and 
then diluted with an equal volume of boiling water. On cooling, 
crystals (0*8 g.) of 1 : 2 -dihydroxy anthrone separated; after 
recrystallisation from alcohol, they melted at 149 — 151°. The 
filtrate was further diluted with water and saturated with sodium 
chloride, the precipitate collected and dissolved in a little alcohol, 
and the solution treated with boiling water. On cooling, crystals 
(0-5 g.) separated having all the properties of 3 : 4-dihydroxy- 
anthranol. 

When alizarin is digested with stannous chloride-hydrochloric 
acid in the absence of acetic acid (compare Goodall and Perkin, J., 
1924, 125 , 473), a viscid mass is obtained, reduction, at least in part, 
proceeding beyond the anthranol stage. From the product, which 
is readily soluble in alcohol, only 3 : 4-dihydroxy-9-anthranol in 
trifling amount has hitherto been isolated. 

Reduction of l-Acetoxyanthraquinone. — To 1 -acetoxyanthraquinone 
(2 g.) in hot acetic acid (15 c.c.), stannous chloride-hydrochloric 
acid (12 c.c.) was added, causing a deposit to separate (stage A). 
This, on further heating, yielded an orange-brown liquid, which 
rapidly became pale yellow and then deposited crystals. These were 
collected after 12 hours and recrystallised, first from acetic acid 
containing stannous chloride-hydrochloric acid, and then from 
toluene. The almost colourless, flat needles of ^-hydroxy -^-anthranol 
obtained melted at 240 — 242°. If the mixture at stage A is kept in 
the cold for 2 days, complete conversion into the anthranol also 
occurs without further heating (Found : C, 79-7 ; H, 4*9. C M H 10 O 2 
requires 0, 80*0; H, 4*8%). From the reduction mother-liquors, 
a trace of the same compound only could be isolated, and there was 
no evidence of the formation of the isomeric l-hydroxy-9-anthrone. 
AcetylA-hydroxy-9-anthranol , prepared in the usual manner, forms 
colourless prisms, m. p. 173 — 175°. The alcoholic solution has a 
faint blue fluorescence (Found : C, 73*4; H, 4-7. 0 18 H U 0 4 requires 
0,73*5; H, 4*8%). 

Reduction of Diacetylchrysazin. — To diacetylchrysazin (4*5 g.) in 
boiling acetic acid (150 c.c.), stannous chloride-hydrochloric acid 
(100 c.c.) was added. The crystals which separated on cooling were 
collected (yield, 3*5 g.) and crystallised from alcohol or nitrobenzene, 
from which solvents 4 : 6-dihydroxy -9 -anthranol separated in almost 
colourless leaflets or prismatic needles respectively. These darkened 



THE HYDROXY ANTHRAQTJIN ONES . PART XI. 


307 


at 250° and melted at about 293 — 295° (Found : C, 74*0 ; H, 4*6. 
Ci 4 H 30 O 3 requires C, 74*3 ; H, 4*4%). 

Acetyl- 4 : 5-dihydroxy-§-anthranol crystallises from acetic anhydride 
in needles, m. p. 220 — 222°, which gradually develop a brownish - 
black tint on exposure to sunlight (Found : C, 67*7 ; H, 4*5. 
C 20 H 16 O 6 requires C, 68*2 ; H, 4*5%). Sulphuric acid dissolves it to 
form a brown liquid which slowly becomes green and finally orange. 

Beductionof 2 -Acetoxyanthrciquinone . — To 2-acetoxyanthraquinone 
(2 g.) in acetic acid (15 c.c.), stannous chloride-hydrochloric acid 
(15 c.c.) was added, and the solution boiled for 5 minutes. The 
crystals which separated on cooling melted at 198 — 200° and 
evidently consisted of 3-hydroxy-9-anthranol, for on acetylation 
the acetyl compound, m. p. 155 — 157°, was produced. A further 
amount of the same substance was contained in the reduction 
mother-liquor, from which also the acetyl compound was prepared. 

Formation of isoBenzalizarin from Alizarin. — A mixture of alizarin 
(5 g.), sulphuric acid (62° B6; 125 g.), glycerol (10 g.), and aniline 
sulphate (7*5 g.) was gradually heated to 150° and kept there for 
1 hour. The liquid, when poured into water, gave a green preci- 
pitate ; this was dried and dissolved in alcohol and the solution was 
concentrated and poured into much ether. From the residue 
obtained by evaporation of the ether, only unchanged alizarin could 
be isolated. Better results were obtained by first heating the 
solution of alizarin and aniline sulphate at 150° for an hour, then 
adding the glycerol and heating again for an hour. The product, 
isolated with ether as above stated, gave on acetylation a small 
quantity of an acetyl compound, m. p. 243 — 245°, identical with 
monoacetyKsobenzalizarin (mixed melting point). 

2-Acetylanthragallol Boroacetate. — 1 : 2 : 3-Trihydroxy-9-anthrone 
(1 g.) in cold acetic anhydride (6 c.c.) was treated with boroacetic 
anhydride (0*15 g.) and a few drops of pyridine, and the mixture 
kept over-night. The anthranol, without apparent solution, was 
converted into a dull orange, crystalline powder ; this was collected, 
washed with acetic anhydride and with anhydrous ether, and centri- 
fuged until dry. It was slowly decomposed by cold and rapidly by 
hot water, yielding, in addition to boric and acetic acids, 2-acetyl- 
anthragallolanthranol (m. p. 239 — 240°, decomp.) [Found by 
Dimroth’s method (loc. cit.) : 2-acetylanthragallolanthranol, 68*6, 
69*8; acetic acid, 27*1, 26*4; boric acid, 13*7, 14*3. 

C 16 H u 0 6 B(0Ae) 2 requires 2-acetylanthragallolanthranol, 68*9 ; 
acetic acid, 29*1 ; boric acid, 15*05%]. 

We are much indebted to the British Alizarine Co. Ltd. for gifts 
of commercial 1-hydroxyanthraquinone, chrysazin and alizarin, 
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and to the British Dyestuffs Corporation Ltd. for anthragallol and 
for the preparation in considerable amount of alizarin 2-methyl 
ether. 

Clothwobkers’ Research Laboratory, 

The University, Leeds. [j Received, November 3 0th, 1923.] 


XLV. — The Development of Colour by Photochemical 
Change in Concentrated Solutions of Ammonium 
Thiocyanate . 

By B. S. Shaema. 

Liesegang (Eder’s Jahrb . Photographies, 1894, 49) showed that the 
colour developed when concentrated aqueous solutions of ammonium 
thiocyanate are exposed to light is not due to traces of iron, and 
Holmes (J., 1926, 1690) attributed it to colloidal sulphur produced 
in the irreversible change NH 4 SCN — y JSTH 4 CN + S. Werner and 
Bailey {ibid., p. 2970), however, dissented from this view and 
suggested that the cause might be found in some tautomeric form 
of thiocyanic acid or in the formation of a coloured complex between 
thiocyanic acid and the solvent. Bhatnagar and others (J. Indian 
Chem . Soc., 1927, 4, 229) concluded that the colour was due to 
cyanogen sulphide and that the precipitate was a polymeride (CNS)*, 
suggesting the mechanism NH 4 CNS + H 2 0 NH 4 QH + HCNS, 
2HCNS + O — >- H 2 0 + 2CNS, z(CNS) — > (CNS)*. Montignie 
{Bull. Soc . chim., 1928, 43, 106) and Patten and Smith {Trans. Roy. 
Soc . Canada, 1928, 22, III, 221) considered ferric thiocyanate to be 
responsible for the colour. According to Montignie, the reaction 
2FeS0 4 + 0 + 6HCNS ^ H a O + 2H 2 S0 4 + 2Fe(CNS) 3 occurs. 

The work now described (finished before the last two papers 
were available) was initiated in view of the conflicting nature of 
the foregoing conclusions. 

Experimental. 

1. Samples of ammonium thiocyanate which did not give rise to 
the colour on insolation were produced (i) by the action of either 
ammonium carbonate or ammonium sulphate on barium thiocyanate, 
prepared by treating ammonium thiocyanate with baryta, and also 
(ii) by boiling a fairly dilute solution of the salt with animal charcoal, 
boiled with pure hydrochloric acid and dried before use. More- 
over, these samples did not develop colour when treated with pure 
hydrochloric acid, hydrogen peroxide, or chlorine. 

2. Iron was detected in the salt by arc and spark spectral lines. 
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3. Traces of iron (as ferrous or ferric salt or as metal) added to 
the pure samples produced a colour upon insolation. 

4. Both the intensity of the colour developed and the time required 
for its disappearance in the dark were proportional to the amount 
of iron introduced. 

5. The ethereal extract of the colour developed with ferrous salt 
and ammonium thiocyanate was intensified by dilution. 

6. A solution in water-free pyridine exhibited a photochemical 
change similar to that in aqueous solution. 

7. Even after repeated insolations and storage in the dark, 
aqueous solutions yielded no precipitate. 

8. Gelatin inhibited the development of the colour. 

Discussion. — Expts. 1, 2, and 3 show that traces of iron present 

as impurity are responsible for the coloration. Expt. 4 rules out 
the possibility that the iron functions as a catalyst, and shows that 
it actually takes part in the formation of the coloured compound, 
light supplying the energy. The formation of ferric thiocyanate is 
doubtful, for it is decolorised neither by heating (Scott, “ Standard 
Methods of Analysis/ 5 4th edtn., 1927, 246) nor by keeping in the 
dark (Dhar, J. Indian Ghem . Soc., 1929, 6 , 143); moreover, it is 
bleached by light, and is entirely extracted by ether, the extract 
leaving a coloured residue on evaporation, whereas the extract from 
the insolated solutions does not behave so. The photochemical 
colour, produced with traces of ferric iron insufficient to show color- 
ation ordinarily, can hardly be due to ferric thiocyanate (compare 
J . Soc . Ghem. lnd. 9 1929, 48, 336t). Expt. 5 distinguishes the 
colour developed with ferrous iron from that of ferric thio- 
cyanate. Expt. 6 shows that the colour is probably not depen- 
dent upon hydrolysis or upon oxygen-containing solvents. The 
photochemical change in Expt. 7 appears to be reversible. The 
ready disappearance of the colour in the dark, on heating, or on 
dilution, its non-appearance in the absence of oxygen and traces 
of iron, and its appearance at high concentrations show that the 
compound is a sort of loose additive complex of ferrous thiocyanate 
with oxygen, and that its formation is probably connected with the 
changes at high concentrations. 

Further work on the subject is in progress. 

The author’s thanks are due t© Dr. H. B, Dunnicliff for his interest 
in the work, and to Pundit M. M. Malinya, the Vice-Chancellor of 
the Benares University, for affording laboratory facilities. 

OevEmaiENr CJuLiaBC®, Lahgbe, 

and Benaetb IIniv-eibsixy. [Received, jSeptember 9th, 1929.] 
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XL VI. — Hydroxy amino-acids. 

By W illiam John JSTobbs Bttrch. 

Dakin has shown (J. Biol . Ghem ., 1921, 48, 273) that maleic acid 
on treatment with chlorine water gives chlorohydroxysuccinic acid, 
which is converted by the action of ammonia into hydroxyaspartic 
acid. 

Acrylic, crotonic, and tiglic acids behave in the same way under 
such conditions, giving mixtures of the a- and [3-acids : 

fJHR HO^HR HCKJHR an a NH^HR 

CH-C0 2 H C1CE>C0 2 H NH 2 *CH*C0 2 H ho-ch-co 2 h 

Glutaconic acid, however, behaves abnormally, giving dihydroxy - 
glutaramic acid, possibly owing to the intermediate formation of a 

lactam, conve rsion of chloro- 

hydroxyglutaric acid into hydroxyglutamic acid by Gabrieli 
phthalimide process has been unsuccessfully attempted. 

Expebimbntal. 

Preparation of Glutaconic Acid . — Ethyl sodio-ay-dicarbethoxy- 
glutaconate (Ingold and Perren, J., 1921, 119, 1591) was converted 
into glutaconic acid by a method communicated to the author by 
Dr. G. A. R. Kon. The tetracarboxylic ester was liberated from 
the sodium derivative by means of a mineral acid in the presence 
of ether and, without being dried, the ethereal solution was evapor- 
ated. The ester was then heated with alcohol (| vol.) and 10% 
hydrochloric acid (3 vols.) until all the oil disappeared and no oil 
separated on cooling (5 hours). The alcohol was distilled off, and 
glutaconic acid (m. p. 132°) crystallised on cooling ; a little more 
was obtained by extracting the mother-liquor with ether, drying 
the extract with sodium sulphate, concentrating it and adding 
benzene. 

Barium <x-Chloro-p-hydroxyglutarate.-~-Ghit8 J comc acid (10 g.) 
was treated with a large excess of hypochlorous acid (prepared by 
extracting bleaching powder with water and distilling the extract 
in a vacuum with the calculated quantity of 5% nitric acid), after 
24 hours the mixture was exactly neutralised with baryta and the 
filtered solution was concentrated in a vacuum, finall y over con- 
centrated sulphuric acid; the yellow crystals obtained (16 g.; 
yield, 66%) were recrystallised from water (Found: Ba, 43-5 ; 
Cl, 11-0. C fi H s O K ClBa requires Ba, 43*2: CL ll-2°/A 
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Ammonium Dihydroxyglutaramate. — Barium a-chloro-p-hydroxy- 
glutaramate was converted into ammonium dihydroxyglutaramate 
by removing the barium as sulphate and adding methyl alcohol 
saturated with ammonia. 

A better yield was obtained as follows : A mixture of 10 g. of 
glutaconic acid with a large excess of hypochlorous acid was kept 
for 24 hours and then evaporated to small bulk in a vacuum at 50°. 
Methyl alcohol saturated with dry ammonia was added in excess, 
and the mixture left in a stoppered bottle. Rosettes of tiny platelets 
began to form after 24 hours and the reaction was complete in about 
a week. The crystals were recrystallised from aqueous alcohol 
(yield, 6 g. or 43% of the theoretical) [Found : total N (by Kjeldahl’s 
method), 15-65; N (as NH 4 ), 7*0; C, 34-3; H, 6*7. C 5 H 12 0 5 N 2 
requires total N, 15*55 ; N (as NH 4 ), 7*8 ; C, 34*1 ; H, 6*8%]. 

Dihydroxyglutaramic Acid, C0 2 H*CH 2 *CH(0H)*CH(0H) , C0*NIl2’ 
— The ammonium salt was treated in aqueous solution with silver 
oxide, and the product with hydrogen sulphide. The crystalline 
material obtained did not give the ninhydrin reaction for a-amino- 
acids, and in an estimation of amino -nitrogen by Van Slyke’s method, 
no nitrogen was obtained after 24 hours by means of acetic acid ; 
the theoretical amount was evolved, however, after 24 hours on 
treatment with sodium nitrite and concentrated hydrochloric acid 
(Plimmer, J., 1925, 127, 2651). On prolonged boiling with baryta, 
the whole of the nitrogen in the compound was obtained as ammonia. 
The acid reduced ammoniacal silver nitrate and gave a deep blue 
colour with copper sulphate solution and caustic soda [Found : 
total N (by Kjeldahl’s method), 8*4; N (by Van Slyke’s method 
as above), 8*5 ; C, 36-5 ; H, 5*6 ; M (by means of the silver salt), 
163. CsH 9 0 6 N requires N, 8-6 ; C, 36*8 ; H, 5-5% ; M, 163]. 

(x- Amino- $-hydroxybutyric Acid . — A solution of 4*5 g. of erotonic 
acid in water was mixed with hypochlorous acid (25% excess) and, 
after 12 hours, evaporated under diminished pressure. A solution 
of the residual yellow syrup in methyl alcohol was cooled in ice, 
saturated with dry ammonia, and heated in an autoclave at 120° 
for 10 hours. On cooling, no crystals formed. The solution was 
treated with an excess of baryta, the ammonia removed by aeration 
and the barium with sulphuric acid, the filtrate boiled with lead 
oxide to remove chloride, and the lead removed with hydrogen 
sulphide. The filtrate was treated with silver oxide to ensure com- 
plete removal of sulphide and chlorine, filtered, and evaporated 
in the dark; silver x-amino-$-hydroxybutyrate crystallised in thin 
platelets, which rapidly darkened in light (Found: Ag, 47*2. 
C 4 H 8 0 3 NAg requires Ag, 47*8%). 

The acid was obtained by removing the silver with hydxogen 



312 


BURCH : HYDROS YAMINO-ACIBS. 

sulphide, and the hydrogen sulphide by aeration. On evaporation 
in a vacuum, a pale yellow syrup was obtained which slowly crystal- 
lised in a vacuum over concentrated sulphuric acid {yield, 2-7 g. ; 
45% of the theoretical) [Found : total N (Kjeldahl), 11-6; amino- 
N (Van Slyke), 11-3. Calc, for C 4 H 9 0 3 N : N, 11*8%]. The acid 
is very deliquescent, gives a strong ninhydrin reaction, and forms 
a pale blue crystalline copper salt and well-defined crystalline salts 
with cinchonine and quinine (Found for the cinchonine salt : N, 
lO'G. C 4 H 9 0 3 N‘ j C 19 H 22 0N 2 requires N, 102%). 

The positive ninhydrin reaction and the fact that the total amino- 
nitrogen is only obtained after 10 minutes' shaking with sodium 
nitrite and glacial acetic acid suggest that the product of the above 
reaction is a mixture of the a- and (3-amino-acids. 

a- A mino- g -hydroxy- cc-metkylbutyric Acid, 

H0-CHMe-CMe(NH 2 )-C0 2 H. 

— Tiglic acid {5 g.) was treated in the same way as the crotonic acid 
in the previous experiment. The silver salt is a white powder 
{Found : A g, 44*6. C 5 H 10 O 3 NAg requires Ag, 45*0%). The acid 
was obtained as a yellow syrup which slowly crystallised [Found : 
ET (Kjeldahl), 10*3 ; amino-N (Van Slyke), 10*1. C^H-tjOgN 
requires K, 10*5%]. All the preceding statements regarding 
a-amino-p-hydroxybutyric acid apply also to this acid (Found for 
the brucine salt :: If, 7*5. C 5 H 11 0 3 N,C23H 26 0 4 N 2 requires N, 8*0%). 

imSerine. — This was similarly prepared from acrylic acid (Meli- 
kow, Ber.y 1880, 13, 1265). It gave the ninhydrin reaction, and 
the total amino-nitrogen was evolved only after 10 minutes' shaking 
with glacial acetic acid and sodium nitrite : this suggests that this 
product also is a mixture of serine and isoserine (the a- and ^-amino- 
acids). 

Hydroxyaspartic Acid . — Maleic acid was converted in the same 
way and also by Dakin's method ( loc . cii.) into hydroxyaspartic 
acid. The compound obtained by either method gave the ninhydrin 
reaction, and the whole of the amino-nitrogen was evolved after 
5 minutes' shaking with glacial acetic acid and sodium nitrite. 

The author gratefully acknowledges a research grant from 
Imperial Chemical Industries, Ltd., to Professor B. H. A. Plimmer, 
which has defrayed the cost of this work. 

St. Thomas's Hospital Westminster School, S.W. 

Medsoal School, [Received, December 2md t 1929,] 
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XLVII . — Lichen Acids . Part I . Derivatives of 
fi-Orcinol. 

By Alexander Robertson and Richard 
John Stephenson. 

Although p-orcinol, the homologue of orcinol, was isolated in 184S 
by Stenhouse (Annalen, 68, 104) as a product of the action of lime- 
water on impure usnic acid from Usnea ceratina, it was not until 
1880 that Stenhouse and Groves (J., 37, 405) were able to show that 
the phenol was derived from barbatic acid, which they obtained 
from U . barbata. This acid has since been isolated from a number 
of lichens, in which it invariably occurs along with usnic acid (for 
references, see Perkin and Everest, “ Natural Organic Colouring 
Matters/ 9 1918, pp. 530—542). Hesse (Ber., 1898, 31, 664; J. pr. 
Chem ., 1898, 58, 526; 1903, 68, 14) found that barbatic acid on 
hydrolysis gave rhizonic acid in addition to (3-orcinol ; rhizonic acid 
he believed to be the monomethyl ether of p-orcinol carboxylic acid, 
and the depside to be derived from (3-orcinolcarboxylic acid and 
rhizonic acid. The (3-orcinol nucleus has since been found to occur 
in a number of depsides — atranorin (Hesse, Ber 1897, 30, 358; 
J. pr. Chem., 1898, 57, 280), dirhizonic acid (Hesse, ibid., 1898, 
58, 531; 1906, 73, 120), soloric acid (Zopf, Amialen , 1909, 364, 
307; Hesse, J. pr. Chem., 1915, 92, 425), and armoric acid (Hesse, 
ibid., 1907, 76, 7). 

In a study of the constitution of these depsides by synthetical 
means, it was essential first to devise a method for the preparation 
of p-orcinol in quantity, Kostaneeki’s process {Ber., 1886, 19, 2323) 
having been found unsuitable. Reduction of 2 : 6-dinitro-jp-xylene 
(prepared from p-xylidine by Sonn’s method; Ber., 1916, 49, 621) 
by ammonia and hydrogen sulphide invariably gave poor yields of 
6-nitro-p-2-xylidine, but reduction by sodium disulphide in aqueous- 
acetone solution proved effective. The nitroxylidine was converted 
into 6-nitro-p-2-xylenol (compare D.R.-PP. 95,359 and 97,012), the 
reduction of which to §-amino-p-2-xylenol was conveniently effected 
in alcoholic solution by iron (compare West, J., 1925, 127, 494). 
Attempts to prepare g-orcinolcarboxylic acid by the method 
adopted by one of us (A. R.) and Robinson (J., 1927, 2196) for 
the preparation of ^-orsellinic acid failed (compare Kostanecki, 
loo. Clt.). 

p-Orcylaldehyde (I) was prepared by Gattermann’s method 
(compare St. Pfau, Helv. Ckim, Acta, 1928, 11, 864) : the dicarbo * 
methozy-deTiv&tive (H) on oxidation with potassium permanganate 
M 
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in acetone solution and hydrolysis of the product, gave $-orcinol- 
carboxylic acid (III). 

Me Me Me 

0 CHO ^ /\CH0 . /NC0 2 H 

OH * Me0 2 C-0lJ0-C0 2 Me * HOl JOH 

Me Me Me 

(I.) (II.) (in.) 

The synthetic acid is identical with a specimen obtained by hydro- 
lysis of the methyl ester prepared from atranorin by St. Pfau’s 
method (Helv. Chim . Acta , 1926, 9, 650) : the instability of the acid 
and its salts in warm aqueous solution may account for the inability of 
previous workers to isolate it by hydrolysis of the ester or of barbatic 
acid. The silver salt rapidly decomposed on exposure to light and 
was unsuitable for the preparation of esters. These, however, 
were readily formed in warm alcoholic solutions of the acid. The 
methyl ester thus obtained was identical with a specimen from 
atranorin. This ester has also been isolated from oak moss oil by 
Rosenthal and Walbaum (Ber., 1924, 57, 770). Its reaction with 
ferric chloride depends on the concentration of the alcoholic solution 
— a fact which may account for the divergent results recorded by 
previous authors. 

Partial methylation of (3-orcylaldehyde (I) by the methyl iodide- 
acetone method (Robertson and Robinson, J., 1928, 1455) proved 
convenient for the preparation of rhizonaldehyde (IV). Sonn (Per., 
1916, 49, 2589), who prepared this aldehyde from g-orcinol mono- 
methyl ether by the Gattermann method, believed it to be repre- 
sented by the constitution (X) (worhizonaldehyde). 


( NCHO_^ / iCHO ( YX) 2 H^ ( Nco 2 h 

MeOl JOH ^MeOl JOAc^MeOt JOAc “^Med JOH 


The orientation of the ether (IV) determined by St. Pfau (Helv. 
Chim. Acta , 1928, 11, 864) has been confirmed, the condensation of 

(IV) with co -methoxyacetoveratrone giving 3:7: 3' : 4' -tetramethoocy- 
5 : 8 -dimethylflavylium chloride . Oxidation of the acetyl derivative 

(V) gave acetylrhizmic acid (VT), which on deacetylation yielded 
rhizonic acid (VII). This acid (VTI) has the properties attributed 
to it by St. Pfau (compare Sonn, loc. cit). 

Attempts to methylate the carbomethoxy-dexivsbtive (VIII) with 
diazomethane in ethereal solution failed, and when a mixture of 
nitrobenzene and ether was used a resinous product was obtained. 
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Agitation of an acetone solution of (VIII) containing methyl iodide 
and active silver oxide gave only a trace of (IX), but this was 
obtained when a methyl iodide solution of (VIII) was refluxed 
in presence of silver oxide. On hydrolysis, it gave isorhizonaldehyde 
(X) identical with that prepared by St. Pfau from p-orcinol mono- 

Me Me Me 

O cho . /\mo _ /Ncho 

OH y Me0 2 C*0ly0Me HOl JOMe 

Me Me Me 

(VIII.) (IX.) (X.) 

methyl ether. As might be expected, the aldehyde (X) did not 
condense with 6>-methoxyacetoveratrone to give a fiavylium salt. 
The production of (X) from (VIII) determines the orientation of 
the latter substance. 

Experiments on the synthesis of barbatic acid and its ethyl ester 
are in progress. 

Experimental. 

6-Nitro--p-2-xylidine . — A solution of sodium disulphide, prepared 
by refluxing a mixture of sulphur (16*5 g.), hydrated sodium sulphide 
(120 g.), and water (400 c.c.), was added in four portions to 2 : 6-di- 
nitro-p-xylene (100 g.), dissolved in acetone (600 c.c.). When the 
vigorous reaction had ceased, the mixture was refluxed for 3 hours 
and poured into water (2 1.). After 12 hours, the solid was extracted 
three times with warm 10% hydrochloric acid, and on addition of 
aqueous ammonia to the combined extracts (T5 1.) the nitroamine 
(68 g.) was obtained as a yellow solid, which crystallised from ligroin 
in orange-yellow needles, m. p. 96°. 

%-Nitro-'$-2-xylenol . — A solution of the nitroamine (50 g.) in a 
mixture of concentrated sulphuric acid (100 c.c.) and water (200 c.c.) 
was poured on ice (300 g.) to ensure the separation of the sulphate 
in small crystals. Sodium nitrite (20*7 g.), dissolved in water 
(100 c.c.), was then introduced, and the mixture stirred for 1*5 hours. 
The filtered diazo-solution was gradually added to boiling 30% 
sulphuric acid (300 c.c.) ; on cooling, the nitroxylenol separated. 
Crystallisation from water and then from ligroin gave the product 
(37 g.) in orange-yellow plates, m. p. 91°. The crude nitroxylenol, 
which could not be employed for the next stage, can be purified 
by distillation under diminished pressure, b. p. 185 — 187°/20 mm. ; 
the warm residue in the flask is, however, liable to explode. 

6-Amino-'p-2-xylenol . — A mixture of the nitroxylenol (50 g.), 
iron powder (50 g.) 5 alcohol (300 c.c.), and concentrated hydro- 
chloric acid (5 c.c.) was refluxed for 6 horns, a test then showing 
that the reduction was complete. The filtered solution was con- 
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centrated to 75 c.c., saturated with hydrogen chloride, and kept at 
0° for some hours. The hydrochloride was collected and washed 
with 96% alcohol saturated with hydrogen chloride. The salt 
crystallised in colourless elongated prisms (38 g.). Saturated 
sodium "bicarbonate solution liberated 6-amino--p-2-xylenQl ) which 
crystallised from water in fern-like clusters of colourless plates, 
m. p. 1 55° (Found : C, 70*1; H, 8*3. C s H n ON requires C,.70*0; 
H, 8*1%). The amine is readily soluble in alcohol and in acetone. 

2 : §-Dihydroxy-]} -xylene ( $-Orcinol ). — The aminoxylenol hydro- 
chloride (20 g.) was dissolved below 0° in a mixture of concentrated 
sulphuric acid (55 c.c.) and ice and water (800 c.c.). Sodium nitrite 
(8 g.), dissolved in w r ater (100 c.c.), was then introduced, and the 
mixture stirred for 45 minutes. The diazonium salt solution was 
heated on the steam-bath until the evolution of nitrogen had almost 
ceased and was then boiled for 5 minutes. A little charcoal was 
added and the solution was filtered, cooled, and saturated with 
ammonium sulphate. Part of the (3-orcinol crystallised; the re- 
mainder was isolated by three extractions with ether. The product 
(12 g.) crystallised from benzene in pink stellate aggregates of 
prisms, m. p. 163° ; distillation gave a colourless specimen, b. p. 
277—280°. 

fi-Orcylaldehyde (I).— A mixture of [3-orcinol (20 g.), anhydrous 
hydrogen cyanide (15 c.c.), and ether (300 c.c.) was saturated with 
hydrogen chloride. The aldimine hydrochloride, which separated 
in almost colourless prisms in 2 hours, was collected after 12 hours, 
washed with ether, and dissolved in cold' water (400 c.c.). The 
solution was heated on the steam-bath for 2 hours ; a part of the 
aldehyde crystallised and the remainder 1 separated on cooling. 
Recrystallisation from 30% alcohol gave a hydrate (22 g.) in colour- 
less needles, m. p. 168° (Found ; C, 61*9 ; H, 6*5. Calc, for 

C 9 H 10 O 3 ,0*5H 2 O : 

C, 61-7 ; H, 6*3%. Found in a specimen dried at 105 — 110° for 
6 hours : C, 65-1 ; H, 6*1. Calc, for C 9 H 10 O 3 : C, 65*1 ; H, 6*0%) 
(St. Pfau, loc. cit., gives m. p. 163 — 164°). The ferric chloride 
reaction in alcohol is reddish-violet and addition of the aldehyde to 
aqueous calcium hypochlorite gives an intense yellow coloration. 
Acetylation with acetic anhydride and potassium carbonate gave a 
product which could not be purified. 

2 : 4 - Dimethylcarbonato -3:6- dimethylbenzaldehyde (II) —8% 
Aqueous sodium hydroxide (62*5 c.c.) was gradually added with 
vigorous agitation to a solution of (3-orcylaldehyde (8*8 g.) in a 
mixture of acetone (80 c.c.) and methyl chloroformate (14*5 g.). 
After | hour, saturated sodium bicarbonate solution (50 c.c.) was 
introduced and on dilution with water (300 c.c.) the dicarbomethoxy - 
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derivative separated as an oil which solidified on being scratched. 
The substance crystallised from ligroin in tufts of colourless slender 
needles (13 g.), m. p. 91° (Found: C, 554; H, 5-2. C 13 H 14 0 7 
requires C, 55*3; H, 5*0%). This carbonate is readily soluble in 
acetone and moderately readily soluble in cold alcohols. It does 
not give a ferric chloride reaction. 

2 : 4- Dihydroxy -3 : 6-dimethylbenzoic Acid ( p - Orcinolcarboxylic 
Acid) (III). — (A) Potassium permanganate (5 g.), dissolved in water 
(80 c.c,), was gradually added to a solution of 2 : 4-dimethylcarbon- 
ato-3 : 6-dimethylbenzaldehyde (3 g.) in acetone (50 c.c.) maintained 
a t 50 — 55°. After 15 minutes, the reaction mixture, cooled to 
0°, was cleared with sulphur dioxide, and on slow evaporation of the 
acetone a colourless solid separated. A solution of the solid, 
collected after 3 days, in 4% aqueous sodium hydroxide (15 c.c.) 
was kept at room temperature for 4 hour, then cooled to 0°, and 
acidified with 10% hydrochloric acid (10 c.c.). The precipitate 
was dissolved in saturated aqueous sodium bicarbonate (75 c.c.), 
and the solution filtered from traces of p-oreylaldehyde. Acidific- 
ation with 10% hydrochloric acid gave almost pure p -orcinol- 
carboxylic acid (1 g.). Warm water was added to a solution of the 
substance in warm acetone until a faint turbidity appeared ; the 
cooled solution gave the acid in elongated silky needles, m. p. 184° 
(decomp. to p-orcinol and carbon dioxide) (Found : C, 59*3; H, 5*7. 
C 9 H 10 O 4 requires C, 594 ; H, 5*5%). The acid is readily soluble in 
alcohol and in acetone and sparingly soluble in cold water. It de- 
composes in boiling water to p-orcinol and carbon dioxide. The 
ferric chloride reaction in alcoholic solution is intense bluish- violet. 
Addition of the acid to aqueous calcium hypochlorite solution gives 
a transient blood-red coloration. 

A solution of the acid (0*8 g.) in absolute methyl alcohol (20 c.c.) 
was refluxed for 4 hours, and the methyl ester precipitated from 
the cooled solution by means of 1% aqueous sodium bicarbonate 
(50 c.c.). The ester crystallised from 50% methyl alcohol in colour- 
less, elongated, slender prisms, m. p. 143° alone or mixed with a 
natural specimen prepared from atranorin (Found : C, 61*1 ; H, 6*1. 
Calc, for C 10 H ia 0 4 * C, 61*2 ; H, 6*2%). Ferric chloride added to a 
dilute alcoholic solution gives a greenish-brown coloration, which 
becomes brownish-purple on addition of water. A concentrated 
alcoholic solution gives a brownish-purple colour, unchanged by 
dilution with alcohol or by addition of water. The calcium hypo- 
chlorite coloration is a transient orange. 

The ethyl ester was isolated from a solution of the acid (0*8 g.) in 
absolute alcohol (20 c.c.) which had been maintained at 75° for 6 
hours. Crystallisation from 50% alcohol gave colourless slender 
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needles, m. p. 129° (Found : C, 62-8 ; H, 6*9. C 11 H 14 0 4 requires 
C, 62*8; H, 6*7%). The ferric chloride coloration is purple, and 
the calcium hypochlorite an intense orange which rapidly fades. 

(B) A solution of methyl [3-orcinolcarboxylate (from atranorin) 
5 g.) in 10% aqueous potassium hydroxide solution was kept in a 
tightly stoppered vessel at room temperature for 50 hours. The 
reddish-brown solution, cooled to 0°, was acidified with 10% hydro- 
chloric acid. After \ hour, the cream-coloured precipitate was 
collected and extracted with cold saturated sodium bicarbonate 
solution (100 c.c.). Addition of 10% hydrochloric acid to the 
solution, filtered from traces of unchanged ester, gave the acid (III) 
(3 g.) t which crystallised from acetone-water in elongated silky 
needles, m. p. 184° (decomp.) alone or mixed with a synthetic 
specimen (Found : C, 59*2; H, 5*7%). The colour reactions are 
identical with those given by the synthetic acid. 

2-Acetoxy-4-methoxy-3 : 6 - dimethylbenzaldehyde (. Acetylrhizon - 
aldehyde) (V). — A mixture of fJ-orcylaldehyde (10 g.), methyl iodide 
(8*2 g.), potassium carbonate (10 g.), and acetone (75 c.c.) was re- 
fluxed for 1J hours; a further quantity of iodide (4*1 g.) was added 
after 45 minutes. After removal of the potassium salts and acidific- 
ation with acetic acid, the mixture deposited rhizonaldehyde (IV) 
(7 g.) ; a further quantity (3 g.) was obtained by evaporation of the 
acetone residue, and by dissolving the potassium salts in 50% acetic 
acid. The substance crystallised from 50% alcohol in colourless 
prisms, m. p. 136° (Found : C, 66*6; H, 6*7. Calc, for C 10 H 12 O 3 : 
C, 66*6; H, 6*7%). The ferric chloride reaction is reddish-brown. 
This aldehyde does not give a coloration with calcium hypochlorite. 

Rhizonaldehyde (10 g.), on treatment with acetic anhydride 
(75 c.c.) and sodium acetate (10 g.) during 3 hours on the steam- 
bath, gave the acetyl derivative (V) (11 g.), which crystallised from 
40% alcohol in colourless needles, m. p. 71° (Found : C, 64-9; H, 
6*6. C 12 H 14 0 4 requires C, 64*9 ; H, 6*3%). The substance is easily 
soluble in alcohol and acetone and does not give a ferric chloride 
reaction. 

4% Aqueous sodium hydroxide solution (8 c.c.) was added to a 
mixture of rhizonaldehyde (1 g.), methyl chloroformate (1 g.), and 
acetone (25 c.c.) cooled to 0° (agitation). The carbomethoxy- 
derivative separated on addition of dilute sodium bicarbonate 
solution (40 c.c.) and was collected after 3 hours. It crystallised 
from light petroleum in clusters of prisms, m. p. 90°, which gave a 
faint brown ferric chloride coloration. 

3 : 7 : 3' 4'-Tetramethoxy-o : 8-dimetkyljlavylium Ferrichloride. — 
Dark red needles with a green reflex separated when hydrogen 
chloride was passed into a solution of rhizonaldehyde (0*75 g.) and 
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-methoxy acetoveratr one (0*5 g.) in ethyl acetate (40 c.c.). After 
3 days, the chloride was collected and converted into the ferrichloride , 
which crystallised from a mixture of formic and acetic acids (equal 
vols.) in dark red needles, m. p. 240 — 245° after sintering at 236° 
(Found: C, 45-6; H, 4*4. C^H^OgCyFe requires C, 45*4; H, 
4-2%). 

2-Acetoxy-4:-methoxy-3 : 6-dimethylbenzoic Acid ( Acetylrhizonic 
Acid) (VI). — Potassium permanganate (5 g.), dissolved in water 
(80 c.c.), was gradually added to a solution of acetylrhizonaldehyde 
(4 g.) in acetone (50 c.c.) maintained at 50°. The solution, cooled 
to 0°, was cleared with sulphur dioxide, and on slow evaporation of 
the acetone acetylrhizonic acid , mixed with a trace of unchanged 
aldehyde, crystallised. The acid (purified by solution in aqueous 
sodium bicarbonate as described for p-orcinolcarboxylic acid) 
crystallised from acetone-water (equal vols.) in rectangular plates, 
m. p. 146° (decomp.) (Found : C, 60*7 ; H, 5*8. C 12 H U 0 5 requires 
C, 60*5 ; H, 5*9%). It is readily soluble in acetone and alcohol and 
sparingly soluble in warm water, from which it separates in small 
plates. 

A solution of the acetyl derivative (2 g.) in 4% aqueous sodi um 
hydroxide solution was kept at room temperature for 3 hours. 
Acidification of the solution with dilute hydrochloric acid then gave 
rhizome acid (VII), which crystallised from acetone-water in 
hexagonal plates, m. p. 232° (Found in a specimen dried at 100° : 
C, 61*1; 11,6*4. Calc, for C 10 H 12 O 4 : C, 61*2; H, 6*2%). Addition 
of ferric chloride to an alcoholic solution gives a brown coloration* 
which becomes intense blue-violet on addition of water. The 
calcium hypochlorite coloration is yellow. 

2-Hydroxy A-methylcarbonato-3 : 6-dimethylbenzaldehyde (VIII). — 
4% Aqueous sodium hydroxide solution (25 c.c.) was gradually 
added to a mixture of p-orcylaldehyde (4 g.), acetone (40 c.c.), and 
methyl chloroformate (2*4 g.) cooled to 0° (agitation). After J hour, 
aqueous sodium bicarbonate (200 c.c.) was introduced, and after 
2 hours the carbomethoxy-deriv&tive was isolated; it crystallised 
from 70% acetone in masses of colourless slender needles, m. p. 
110° (Found : C, 58*7 ; H, 5*6. C n H 12 0 6 requires C, 58*9 ; H, 
5*4%). The substance is easily soluble in acetone and in alcohol 
and insoluble in water. It crystallises from light petroleum in tiny 
prisms. The ferric chloride coloration is red-brown. 

2-MethaxyA-methylcarbonato-Z : 6-dimethylbenzaldehyde (IX). — 
Active silver oxide was added to a solution of the foregoing carbo- 
methoxy-derivative (5 g.) in methyl iodide (30 c.c.), and the mixture 
refluxed until a sample did not give a ferric chloride reaction. The 
silver oxide was removed by filtration and washed with acetone 
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(150 c.c.). Evaporation of the combined filtrates gave a semi-solid 
product, which was extracted with boiling ligroin. The extract, 
decanted from the insoluble residue and cooled, gave the ether (IX) 
in tufts of colourless elongated prisms (4 g.), m. p. 74 — 75° (Found : 
C, 60*6; H, 6*2. C 12 H 14 0 5 requires C, 60*5; H, 5-9%). The 
substance is readily soluble in alcohol and acetone and sparingly 
soluble in light petroleum. 

A solution of the foregoing ether (0*6 g.) in 4% methyl-alcoholic 
sodium hydroxide (5 c.c.) was kept at room temperature for \ hour, 
then acidified with 50% acetic acid, and diluted with water (40 c.c.) ; 
fcsorhizonaldehyde (X), thus precipitated, crystallised from 25% 
methyl alcohol in slender needles, m. p. 151°. This aldehyde does 
not give a ferric chloride reaction. 

The authors wish to express their thanks to the Chemical Society 
for a grant which has partly defrayed the cost of this investigation. 

East London College, 

XJniveesity of London. [ Received , December 5 th , 1929.] 


NOTES. 

The Interaction of Sodamide and Alkyl Iodides with Acetophenone and 
its Homologues. By Alfred Rtjssell. 

Normal reaction, producing more than 50% of the theoretical yield 
of a-ethyl-a-?i-propyl-a-tt-butylacetophenone, occurs between ethyl 
iodide and sodio-w-propyl-w-butylacetophenone in a neutral solvent 
(compare Haller and Bauer, Compt. rend., 1909, 148, 70). 

In ether, the reaction between sodioacetophenone and methyl 
iodide also is normal ; but in benzene no propiophenone is formed, 
the sole product being a polymeride, (C 6 H 5 *COC 2 H 5 ) 3 , a white 
amorphous solid, m. p. 96 — 98°, b. p. 300 — 320°/I5 mm. [Found : 
C, 81*1; H, 7*3; M , mean of ten determinations, 405. 
(C 6 H 5 -C0-C 2 H 5 ) 3 requires C, 80*6; H, 7*3%; M, 402]. The sub- 
stance is unaffected by acids or alkalis, permanganate, dichromate, 
and fusion with caustic potash, chars when heated strongly in the 
air, and is readily soluble in the common organic solvents but 
insoluble in water, acids, or alkalis. It gives no methyl iodide in the 
Zeisel reaction and is therefore not a trimethoxytriphenylcycZo- 

CEtPh-0 

hexane. It may have a structure, O^Qj^p^.Q^CEtPh, similar 

to that of the acetals, ■which it resembles in chemical stability. — 
The Sir, Donald Currie Laboratories, The Queen’s University, 
Bedfast. [Received, October 25th, 1929.] 
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The Structure of the Isomeric Methyl Ferrocyanides. 

By S. Glasstone. 

Although the suggestion that potassium ferrocyanide exists in two 
isomeric forms (Briggs, J. } 1911, 99, 1019) has been shown to be 
erroneous (Bennett, J., 1917, 111, 490; Kolthoff, Chem . Weekblad , 
1919, 16, 1406; Briggs, J., 1920, 117, 1026), the isomerism of 
the tetramethyl ferrocyanides (Hartley, J., 1913, 103, 1196) appears 
to be well established. Hitherto, however, there has been no satis- 
factory explanation of this isomerism, and the following view is 
therefore proposed. If the structure of the so-called methyl 
ferrocyanide is considered to be [Fe(CH 3 *NO) 4 (C3N) a ], with the four 
neutral CH 3 *NC groups (compare Hartley, J., 1911, 99, 1549) co- 
ordinated to the iron atom (see Pfeiffer, “ Organische Molekiil- 
verbindungen,” 1927, p. 193, for other instances), the two valency 
electrons of the latter are shared with the two cyanide radicals, and 
the substance will be a non-electrolyte. Further, since it is of the 
type MX 4 A 2 , it can exist in cis - and £ra?is-modifications, thus : 



The css-form, having adjacent polar cyanide radicals, is presum- 
ably the more soluble and more reactive ; hence it corresponds to 
Hartley’s a-form. The substance (CH 3 ) 6 Fe(NC) eV produced by 
the action of methyl iodide on the a-form, is probably [Fe(CH 3 -NC) 6 ]I 2 
[compare Mg(CH 3 *CN) «i 2 > possibly Mg(OH 3 'NC) e I 2 ; Menschutkin, 
Z. anorg \ Chem., 1909, 61, 110] and should be an electrolyte. The 
chloride and sulphate prepared by Hartley (J., 1910, 97, 1725) are 
probably analogous. — The University, Sheffield, [j Received, 
November 2lst 9 1929.] 


XL VIII .— The Catalytic Hydrogenation of Different 
Types of Unsaturated Compounds . Part V . The 
Hydrogenation of Cyclic Ethylenic Derivatives and 
of their Mixtures * 

By Serguey V. Lebedev and Michail Platonov. 

The following communication is closely connected with Part I of 
our investigation (J., 1925, 127, 417), in which it was shown that 
the rate and nature of hydrogenation of single ethylenic compounds 
N ' 
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and of their mixtures are determined by the characteristics of the 
type to which they belong (i.e. 3 by the degree of substitution at 
the double linkage in the molecule) rather than by individual 
characteristics. Thus, in every case, monosubstituted ethylenie 
derivatives are hydrogenated preferentially, and tetrasubstituted 
last of all, the di- and tri-substituted types being intermediate. 

This property is most marked in the hydrogenation of mixtures 
of different ethylenie derivatives. Compounds of the same degree 
of substitution at the double bond are hydrogenated concurrently 
in a mixture and their curves show no break, but those of different 
types are hydrogenated consecutively in the above order, so that 
their curves display definite breaks corresponding roughly to the 
end of hydrogenation of one component and the beginning of that 
of another. This is probably due to the fact that the affinity of 
the catalyst for monosubstituted is much greater than for poly- 
substituted ethylenie compounds, those of the same degree of sub- 
stitution being adsorbed with approximately equal readiness. 

Discussion is simplified by the following classification of ethylenie 
compounds according to the degree of substitution at the double 
bond, c denoting a cyclic structure and It the remainder of the 
ring system. 


CHA CHA 

i ! ii 

ch 2 chb 

(I.) (II s.) 


qAB qAB qAB 
ch 2 chx cxy 

(Has.) (in.) (IV.) 



(Ho.) 


(IIIc.) (IVc.) 


The present communication deals primarily with ethylenie deriv- 
atives in a cycldhex&ne ring, other cyclic systems being reserved for 
a future paper. We have studied the hydrogenation of single 
representatives of this class, and of their mixtures with one another 
and with open-chain ethylenie derivatives (in all, abqut forty 
binary mixtures were examined) and the results conform to the 
general rules given above for open-chain compounds* In those 
cases in which the hydrogenation of a mixture of two compounds 
shows a break in the curve, we are justified in assuming that 
both components are often (or perhaps always) hydrogenated 
simultaneously in each section, and this conclusion is supported 
by an examination of the distribution of hydrogen between the 
components in different phases of the process. 

We have found that in some binary mixtures practically pure 
components are hydrogenated on both sections, whereas in other 
cases there are mixtures capable of being analytically separated. 

We hive also found that the position of the break oh the curves 
of practically ah of the binary mixtures examined of an open-chain (see 
Part I) and a cyclic ethylenie derivative exactly corresponds with the 
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consecutive hydrogenation of the pure components in the mixture. 
As appreciable deviations from this rule are extremely rare, it is 
possible to calculate the composition of the mixture to within a 
few units % from the volume of hydrogen absorbed on the different 
portions of the curve. 

Two such deviations are shown in Fig. 8 (curves 1 and 4), the 
breaks being considerably removed from the calculated positions 
in each case. The only other deviation is much more peculiar. It 
was noted in the pair carvone-camphene (Fig. 11, Curve 3); here 
we have a mix ture of two types of substitution at the double bond, 
viz., an &s.-disubstituted ethylene (in both camphene and carvone) 
and a trisubstituted one (in carvone), yet we find on the hydro- 
genation curve three sharply separated sections instead of the two 
expected. This case requires further study. 

Experimental. 

The method of investigation was the same as described in Part I. 
0*02 — 0*0025 G.-mol. of the substance was used, and, unless other- 
wise stated, the other conditions were : 0*2 g. of platinum-black, 
15 — 25 c.c. of alcohol as solvent, and a bath temperature of 20°. 
The curves are plotted as before, the transverse dash in each case 
indicating the point at which the preferentially hydrogenated com- 
pound is calculated to be saturated. Since rate of absorption is 
plotted against time, the volume of hydrogen absorbed up to any 
given time is given by the area under the curve. 

Hydrogenation of Single Compounds (Table I). 

Disubstituted Compounds (Type lie; Fig. 1). — The curves for 
cydobexene (Curve 1) and 1 -methyl- A 3 -c?/cZohexene (Curve 2) are 
very much alike; the rate is nearly constant to the end, and the 
reaction ceases sharply with the absorption of 100% of the hydro- 
gen calculated for saturation of the latter and of about 90% of that 
calculated for the former.* The rate of hydrogenation of indene 
(Curve 3) is lower, and the curve droops slightly. A fourth com- 
pound of this type examined was maleic anhydride (obtained by 
the method of Tanatar, J . Buss. Phys. Chem. Soc 1890, 22, 213; 
m. p. 52 — 55*5°). Its hydrogenation gave an entirely unexpected 
result ; for the absorption in ethereal solution was exceedingly low. 
Several experiments showed that the hydrogenation of cyclohexene 
is hindered by the presence of this anhydride; and hence we con- 
clude that maleic anhydride is an anti-catalyst, although neither 
the acid itself nor its esters possess this quality. Citraconic acid 

* The cydobexene contained about 10% of benzene or some other -hydro- 
carbon very little susceptible to hydrogenation. ' ■ 
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and its anhydride (Type 133c) behave similarly. An investigation 
of this phenomenon in anhydrides and acids is being undertaken. 

Trisubstituted Compounds (Type ILIc ; Figs. 1 and 2). — Menthene 
and pinene are hydrogenated very slowly, their curves falling con- 
tinuously. Both seem to contain a proportion of some compound 
( ? dipentene) having a higher absorption rate, as shown by the 
initial rapid fall (Fig. 2, Curves 4 and 5). 


Figs. 1, 2, 3. 



The curves of terpineol and carvotanacetone are very much 
alike (Fig. 1, Curves 5 and 4) : the rate of absorption rises some- 
what at first, and then falls continuously to the end. The latter 
compound was prepared by 50% hydrogenation of carvone in the 
absence of solvent (compare Armstrong, Chem. and Ind., 1925, 
44, 701), and since its oxime (m. p. 74 — 76°) and semicarbazone 
(m. p. 171 — 172*5°) showed it to be pure, we are convinced that in 
the hydrogenation of carvone the double bond in the side-chain 
(Type lias) is reduced before that in the ring system (Type Hie). 

The absorption curves of carvone and Z-limonene resemble one 
another (Fig. 2, Curves 1 and 2) : in both cases hydrogenation 
of the bond in the side chain proceeds first and at an almost constant 




DIFFERENT TYPES 

OF UN SATURATED 

COMPOUNDS, 

PART 

v. 325 


Fig. and 
curve 

Table I. 

Amount, 

Temp, and 

H 2 absorbed, c.c. 

s 

Compound. 

Nos. 

g- 

press, of H 2 . 

Calc. 

Found. 

cydoRexene 

1 -Methyl- A z -cyclo- 
hexene 

Indene* 

1; 1 

0-8700 

19°; 745 mm. 

259 

239*5} 

1; 2 

0*747 

17 c 768 

183 

179-3 

1; 3 

0-8200 

17 c 744 

171-5 

175 

Carvotanacetone 

1; 4 

1-5409 

17 c 758 

241 

229 

Terpineol 

l; 5 

1-367 

16 £ 758 

211 

228 

Menthene* 

2; 4 

0-763 

16 £ 757 

124 

141-5 

Pinene* 

2; 5 

0-6493 

17 £ 757 

113 

122 

Carvone* 

2; 1 

h-394 

18 £ 755 

435 

438 

Z-Limonene 

2; 2 

1-3800 

18 c 765 

481-5 

491 

2; 3 

0*8500 

14 c 768 

291 

287 

1 : 2-Dimethyl-A 1 - 

3; 1 

0-718 

16°; 758 

155 

118f 

cydohexene 

- - 

3*065 

17°,* 765 

659 

-t. 


* Bath temperature, 15°. ■f Hydrogenation incomplete. 

} See footnote, p. 323. 


rate. The end of the absorption of the first molecule of hydrogen 
is marked by a sharp break in the velocity of reaction (compare 
Vavon, Compt. rend., 1911, 152, 1675), which falls to a minimum and 
then increases somewhat. The second portions of the curves are 
like those of carvotanacetone and terpineol, in that the rate rises 
slightly at first and then falls slowly till the end of the reaction. In 
the case of carvone, after the absorption of 2 mols. of hydrogen a 
very slow hydrogenation of the ketonic group sets in. A second 
experiment with Z-limonene (Fig. 2 ; Curve 3) was carried out with 
platinum-black which had been used previously ; the rate of hydro- 
genation of the cyclic bond (Type IIIc) was somewhat slower, but 
that of the side-chain bond (Type lias) remained practically the 
same. 

Tetrasubstituied Compounds (Type IVc; Fig. 3). — Only one 
compound of this type was available, viz., 1 : 2-dimethyl-A 1 -c«/cZo- 
hexene, prepared as follows : 2-methylcycZohexanol was oxidised 
to the ketone by Sabatier’s method ( Compt . rend., 1905, 141, 20), 
and this was treated with magnesium methyl iodide, and the pro- 
duct decomposed by 30% sulphuric acid; the required hydro- 
carbon was thus obtained with b. p. 132-5—134*5°, ijl 0*8378 
(Sabatier gives b. p. 132°, d$ 0*8411). Its hydrogenation gave a 
very interesting result. Using small amounts, we observed only two 
sections in its curve (Fig. 3, Curve 1), the first corresponding to 
44% of the total volume of hydrogen absorbed, but with larger 
amounts (Curve 2) we found three distinct sections, the first part 
of the curve showing an additional break, which would have corre- 
sponded to only 10 — 11 c.c. in Curve 1 and would therefore escape 
notice. The absorptions in the three sections are 7, 37, and 56% 
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respectively of the total. The explanation of these breaks is as 
follows. The dehydration of 1 : 2-dimethylc^cZohexanol by sul- 
phuric acid can occur in three directions, resulting in the formation, 
in successively decreasing yield, of the following three hydrocarbons : 


Ac 


j>C ch 3 
l^jc-CHg 

(Type IVc.) 


ASCIIs 

(Type IIIc.) 


AiC— CH, 


= CH» 


(Type lias.) 


Now, from the types to which they belong, it is seen that their 
ease of hydrogenation should be in the reverse order, the compound 
of Type Has being reduced preferentially. In order to assure our- 
selves that the second section of the Curve 2 corresponds to the 
hydrogenation of the second compound, we hydrogenated a mixture 
of our hydrocarbon with terpineol. The curve obtained is shown 
in Kg. 6 (Curve 2). Owing to the small amount of hydrocarbon 
taken, we can discern only two portions in it, but the first has 
increased in agreement with the amount of terpineol used, proving 
that the linkings hydrogenated in this section are both of Type 

me. 

It is clear that the hydrocarbon was too impure for use as a 
standard compound of Type IVc, so, since the impurities (Types Has* 
and IIIc) are hydrogenated preferentially, the mixture was allowed 
to absorb 45% of the maximum hydrogen, whereby we obtained a 
mixture of saturated hydrocarbons together with the (presumably) 
unchanged hydrocarbon of Type IVc, which we used in subsequent 
experiments as a comparative standard of 55% content. 

The foregoing results for individual cyclic hydrocarbons are 
completely analogous to those for open-chain compounds (Part I), 
and indicate that the absorption rates of the Types lie, IIIc, and 
IVc decrease in that order. Moreover, the curves of the last two 
types fall slowly, although that of Type IIIc shows a slight rise 
initially ; on the other hand, the curves for compounds of Type lie 
(except indene) tend to be horizontal, pointing to a constant absorp- 
tion rate. 


Hydrogenation of Mixtures of Cyclic Ethylenic Derivatives (Table II). 

Mixtures of Compounds of the Same Degree of Substitution.— 
{a) Type lie (Fig. 3). We examined two binary mixtures in this 
category, viz., c^cZohexene + l-methyl-A 3 -cycZohexene (Curve 3) 
and cyclohexene + indene (Curve 4). In each case both components 
were hydrogenated concurrently, the curves showing no breaks. 
The curve of the first mixture is nearly horizontal, whereas that of 
the second slopes somewhat as in the case of indene alone. The 
second mixture is interesting in that it suggests that the effect of 
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platinum-black is similar whether a 5- or a 6-membered ring is 
involved. 

Table II. 


Compound. 


\ Indene 

f 1-Methyl-A z -cyclO‘ 
4 hexene 

(q/cZoHexene 
f Carvotanacetone 
^ Terpineol 
f Carvone 
\Z-Limonene 
/ Z-Limonene 
\TerpineoL 


Fig. and 

curve Amount, Temp, and 
Nos. g. press, of H a ., 


762 mm. 


0 - 5455 

1 - 148 
0-926 

0 - 526 

1 - 0000 
0-5786 
0-8175 
0-4585 


18°; 749 
21°; 764 


H a absorbed, c.c. 

r ^ -a 

Calc. Found. 
lfl/337 353 

305 t 5 } 442 ’ 3 438-5 


~ J 

3 | 530 525 

*1367 383 


f Based on content of 90% (see p. 323). 


(b) Type UIc (Fig. 4). Three such mixtures were examined : 
carvotanacetone + terpineol (Curve 1), carvone + Z-limonene 
(Curve 2), and Z-limonene + terpineol (Curve 3). The general 
character of the absorption curve of the first mixture is similar to 
that of the individual curves of its comj>onents ; it has no breaks, 
and apparently both components are hydrogenated concurrently. 
The mixture of carvone + Z-limonene corresponds to two binary 
mixtures, Type Has as well as Type IIIc being present in each, 
compound. The curve resembles those of the two components 
separately, and calculation shows that the only break corresponds 
with complete hydrogenation of the two Type II bonds, followed by 
simultaneous reduction of the bonds in the ring of each compound. 
We have no doubt that reduction occurs in this order, for 50% 
hydrogenation of carvone and of Z-limonene produces carvotan- 
acetone and carvomenthene respectively (Vavon; Armstrong; 
Zocc. cit.). 

The curve for Z-limonene + terpineol is similar to the preceding 
case, the stages being the hydrogenation of the bond of Type II, 
the abrupt fall in the rate to the minimum, and hydrogenation of the 
cyclic bonds simultaneously. The curve shows also the beginning of 
a third section, corresponding, apparently, to the very slow hydrogen- 
ation of the alcoholic group of terpineol. 

Hydrogenation of Mixtures of Cyclic Ethylenic Derivatives of 
Different Degrees of Substitution (Table III). — (a) Types lie + IIIc 
(Fig. 5). We examined six binary mixtures of this type, viz,, (I) 
cyclohexene + carvotanacetone (Curve 1) ; (2) cyclohexene + 

terpineol (Curve 2) ; (3) indene + terpineol (Curve 3) ; (4) 1-methyl- 
A 3 -cycZohexene + terpineol (Curve 4) ; (5) cyclohexene + carvone ; 
and (6) cycZohexene + Z-limonene. The last two, being combinations 
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of Types II as + lie + IHc, are discussed under the head of mixtures 
of Types Has + lie (see p. 331). The curves of the other four 
mixtures are all similar, showing, first, the constant or slightly 
falling hydrogenation of Type lie, then the abrupt fall to the mini- 
mum,* and finally the slow fall characteristic of the hydrogenation 
of the compound of Type IIIc. The different sections of these 
curves are very similar to the curves for the individual components 
of the mixtures ; moreover, each component retains its own rate of 


Pigs. 4, 5, 6. 



4 8 12 16 20 24 28 3 2 36 40 44 48 52 56 



Time, in £ minutes. 


hydrogenation fairly closely, except that in the mixture indene + 
terpineol, the latter reacts much more slowly than when alone. 
Further, the breaks on the curves of these mixtures are much more 
pronounced than in the case of the corresponding open-chain 
mixtures (compare Part I, loc. cit.). 

(b) Types lie + IVc (Fig. 6). We examined only one mixture of 
this type, viz., cyclohexene + 1 * 2-dimethyl- A 1 -cyctohexene (Curve 1). 

* The rpininmim rate is not noticeable in the mixture indene -f- terpineol, 
probably because of the decreased absorption rate of the latter. 
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As expected, ct/cfohexene is hydrogenated first, and then the rate 
falls extremely sharply to a very small fraction (-^ — of its value to 
that characteristic of the reduction of the other compound. 


Table III. 

Fig. and H a absorbed, c.c. 

curve Amount, Temp, and v s 


Compound. 

Nos. 

g- 

press, of H a . 

Calc. Found. 

/ cycl6H.ex.ene 
\ Carvotanacetone 

5; 1 

0-943 

0-888 

16°; 752 mm. *f||}377 

390 

/ cycZoHexene 
\ Terpineol 

5; 2 

0*811 

0-6955 

14°; 762 

•£}»« 

304-5 

/indene 

1 Terpineol 
f l-Methyl-A 3 -C 2 /c?o- 
j hexene 
l Terpineol 

5; 3 

1-346 

0-646 

18°; 760 


359 

5; 4 

0- 438 

1- 052 

16°; 765 


276 

f cycloHexene 
j 1 : 2-Dimethyl-A 1 - 

6; 1 

0-6174 

0-294 

17°; 765 

■!£}>“ 

173J 

t cg/cZohexene 
f Carvotanacetone 
i 1 : 2-Dimethyl- A 1 - 

6; 3 

0-6859 

0-2898 

18°; 760 

108 ll43 
§34-6/ 148 

128$ 

l cyclohexene 




146 hs* 

§36/ 18 “ 


j'Terpineol 

jl : 2-Dimethyl-A 1 - 

6; 2 

0-9524 

0-3056 

17°; 765 

179$ 

l cyclohexene 






* Based on a content of 90% (see p. 323). 

$ Process incomplete. 


t Based on a content of 93%. § Based on a content of 65% (see p. 326). 

(c) Types IIIc + IVc (Fig. 6). Two of these mixtures were 
studied : 1 : 2-dimethyl- A^-cycfohexene with terpineol (Curve 2) 
and with carvotanacetone (Curve 3). The break in the curve for 
the first mixture was not pronounced, but that for the second was 
very sharp. The hydrogenation rate of carvotanacetone was nearly 
double its usual value, and it will be seen later that the reduction of 
tetramethylethylene is similarly accelerated in the presence of 
1 : 2-dimethyl-A 1 -c^c?ohexene. 

The results obtained with these mixed cyclic ethylenic derivatives 
show that the two components are hydrogenated concurrently if they 
are of a similar degree of substitution, or consecutively and at different 
rates if of different degrees ; the corresponding curves are accordingly 
continuous or discontinuous, respectively. The ease of hydrogen- 
ation decreases according to type in the order lie, IIIc, IVc, in con- 
formity with the results obtained for open-chain compounds (Part I) 
and for individual cyclic compounds. 

Hydrogenation of Mixtures of Cydic with Open-chain Ethylenic 

Derivatives . 

The results obtained in this series of experiments show that here 
again the degree of substitution determines the character of the 
hydrogenation. They also show that platinum-black acts differently 
n 2 
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upon similarly substituted derivatives of open-chain and of cyclic 
structure during the hydrogenation of their mixtures. 

(1) Compounds of the Same Degree of Substitution (Table IV). — 
{a) Types lie + IIs (Fig. 7). In each of the three mixtures, cyclo- 
hexene + anethole (Curve 1), 1 -methyl- A 3 -cycZohexene + anethole 


Figs. 7, 8, 9. 



Timet in & minutes. 

(Curve 2), and cycZohexene +* cinnamyl alcohol (Curve 3), the 
components are hydrogenated at the same rate, the curves having no 
sharp breaks. The curves of the first two mixtures are very much 
like that of anethole. 

(b) Types lie + Has (Fig. 7). We examined three mixtures, viz., 
those of cyrfohexene with camphene (Curve 4), with carvone (Curve 
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Compound* 
cycloHexene 
Anethole 
1 -Methyl- A*-cyclo- 
hexene 
Anethole 


Cjnnamyl alcohol 


LCamphene 


Table IY. 

Fig. and H 2 absorbed, c.e. 

curve Amount, Temp, and ✓ A ■> 

Nos. g. press of H 2 . Calc. Found. 

7; 1 19°; 764mm. *iiq}386 385-5 


( Carvotanacetone 
Methylheptenone 
/Terpineol 
1 Mesityl oxide 
/Terpineol 
1 Methylheptenone 
ff Carvotanacetone 
\ Mesityl oxide 
$ f 1 : 2-Dimethyl-A 1 - 
-[ cycloh.ex.ene 
l Tetramethylethylene 

Same mixture 


0- 6458 , ro 

1- 685 16 ; ' 50 

0*5673 lno. *aQ 
1*236 iy » 

0-836 190 ; 76i 

0*7779 9Q0 . 

0*5909 ^ 9 

1*075 igo. 7A5 
0*7556 

1*3953 010 i* a k 

0*5533 21 9 /65 

0*6324 1qo . 
1*0993 19 » 765 

1*132 ig o . 745 
0*6334 Lb 9 
0*6883 igo. noA 
0*8714 


17°; 778 


17°; 778 


1435*5 439 


lee } 611 595 

*104 } 308 297 

Hs-s} 043 '® 028 

2201 0rtE , 


J70-51 
134*5 / 


205 200 


* Based on a content of 90% (see p. 323). 

} Based on a content of 55% (see p. 326). 

§ For this expt. 1 g. of platinum -black was used. 


3 *^' 0 )ll5-5 121 

f Bath temperature, 17°. 


5), and with. Z-limonene (Curve 6). The hydrogenation rate of the 
first mixture is constant throughout the whole reaction. The other 
two mixtures are each a combination of the types lie + lias +IIIc ; 
the disubstituted compounds are hydrogenated together, the 
absorption rate being nearly constant. The end of the hydrogen- 
ation of the system He + Has coincides with a sharp fall in the 
absorption rate, which reaches a minimum and then increases a 
little, 

(c) Types IIIc + III (Tig. 8). Tour mixtures were examined : 
carvotanacetone -j- methylheptenone (Curve 1), mesityl oxide + 
terpineol (Curve 2), mesityl oxide + carvotanacetone (Curve 3), and 
terpineol + methylheptenone (Curve 4). The curves of the two 
mixtures containing mesityl oxide have prominent breaks, for this 
compound is hydrogenated first and at an almost constant rate. 
The mixture of terpineol + methylheptenone is of interest because 
the break in the curve does not coincide exactly with the end of the 
hydrogenation of either of the components* Each section seems to 
correspond with the hydrogenation of a mixture of the two com- 
ponents in different proportions, and the size of the sections suggests 
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that methylheptenone probably predominates in the first portion. 
This anomaly is still more prominent in the pair methylheptenone + 
carvotanacetone : the break is not sharp and is strikingly displaced 
to the left. The resemblance between curves 1 and 4, on the one 
hand, and between curves 2 and 3, on the other, is noteworthy. It 
is clear that sometimes the shape of the curves depends, not only upon 
the characteristics of the type, but also on those of the individual. 

These examples show that in the hydrogenation of their mixtures, 
compounds of the types III and IIIc are not equivalent. Apparently 
platinum-black absorbs the open-chain type preferentially and con- 
sequently compounds of this type are usually hydrogenated first. 

(d) Types IYc + IV (Fig. 9). The mixture, 1 : 2-dimethyl-A 1 - 
cyclohexene + tetramethylethylene (Curves 1 and 2) was studied, 
1 g. of platinum-black (instead of the usual 02 g.) being used at 
first because both these hydrocarbons are hydrogenated very 
slowly. Two experiments showed abnormal reactivity on the part 
of the tetramethylethylene (Curve 1 ) . Using only 0*2 g. of platinum- 
black, we obtained Curve 2, where again the end of the hydrogen- 
ation of tetramethylethylene is sharply defined and the reaction 
rate is abnormal, being 9*5 c.c./J min. 

(2) Compounds of Different Degrees of Substitution (Table V). — 
(a) Types lie + I (Fig. 9). In the binary mixture, safrole + cyclo- 
hexene (Curve 3), the former was hydrogenated first, at an almost 
constant rate, and the sharp break on the curve coincides closely 
with the end of this process. 

(6) Types lie + III (Fig. 10). We examined four mixtures : 
cyclohexene + mesityl oxide, cyclohexene -f- methylheptenone 
(Curve 1), cycZohexene + trimethylethylene (Curve 2), and indene + 
methylheptenone. In all four, the cyclic compound was hydro- 
genated first ; the breaks were somewhat like those in the mixtures 
of Types IIs + III and Has + III (Part I, loc . cit. ), and much less 
well-defined than those in the curves of mixtures of Types lie + 
Die and lias + IIIc. This difference can be explained by the fact 
(see above) that Type III is much more readily adsorbed by plati- 
num-black, and therefore more readily hydrogenated, than HIc; 
hence Type III is more nearly allied to Type lie than to Type IIIc. 

In the mixture, cycZohexene + mesityl oxide, we have a very 
complicated case, owing to the presence of the conjugated system 
in the latter ; it seems that cyclohexene is hydrogenated first. This 
curve, as well as that of the mixture indene + methylheptenone, 
is not given here. 

(c) Types He + IV (Fig. 10). We examined the binary mixture 
cycZohexene tetramethylethylene (Curve 3) ; the former is hydro- 
genated first at a constant rate, and a sharp break divides this 
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process from the reduction of the other component, which, however, 
is markedly higher than normally. 

Figs. 10 , 11 . 



Table V. 


Compound. 


/ Saf role 
I cycloKe: 


H 2 absorbed, c.o. 
■ " A — 

Calc. Found. 
ioTI -355 367 


2 02 5 } 367-5 365 

* 1 g 7 j 268 280 


l cycZoHexene * 0-501 10 *13U oou 

{l^teol 9 > 4 0-5875 18 ° 750 ^l' 5 } 367-5 365 

lleSmeptenone 10 > 1 <HUS8 21 ° 760 T} 268 280 

{ethylene 10 = 2 0^9 19 ‘ 767 lf 8 } 426 434 

{ Tetramethylethylene 10; 3 0-2036 19= 766 *58} 211 206-5 

{ Tetramethylethylene 10 • 4 04796 19 ° 762 “L} 196-5 206 

/Camphene n. i 0*9309 , QC r* ro 164 > 000 

(.Terpmeol 11 ; 1 0-4426 19 ,68 69 j 233 225 

/Camphene 0-9200 lfiC 7 , 9 166\.,, „ 71 

\Z-Limonene 11 ’ 2 0-6973 18 742 250/ 415 371 

fCarvone „ 0-8232 17C „„ 264 \i.oi ora 

\Camphene 11 ’ 3 0-8859 17 753 157 j 4 " 1 386 

* Based on a content of 90% (see p, 323). 

(d) Types IIIc + I (Fig. 9). In the mixture safrole + terpineol 
(Curve 4), the former is hydrogenated first and at a constant rate, 
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164 }233 
1661 , , - 
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211 206-5 

J- 195-5 206 
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slightly increasing towards the end. The curve then falls sharply 
to a minimum, and the reduction of terpineol sets in with a slight 
rise followed by a gradual fall. 

(e) Types III c + Has (Tig. 11). This category is illustrated by 
7 curves : (1) carvone, (2) Z-limonene, (3) carvone + Z-limonene, 
(4) terpineol + Z-limonene, (5) camphene + terpineol (Curve 1), 
(6) camphene + Z-limonene (Curve 2), and (7) camphene + carvone 
(Curves 3 and 3a). The curves for the first four reductions have 
already been given (Tig. 2, Curves 1 and 2 ; Tig. 4, Curves 2 and 3), 
since the simpler systems also contained those of the type now 
concerned. The mixtures of camphene with Z-limonene and with 
terpineol gave curves of the same type : the minimum is very pro- 
nounced, particularly in the second case. 

The mixture carvone + camphene is noteworthy. Its curve has 
three sharply separated sections corresponding with the hydrogen- 
ation (i) of the side chain of carvone, (ii) of camphene, and (iii) of 
the double bond in the ring of carvone (Curve 3). This is the first 
case in which a break has been found in the hydrogenation of a 
mixture of two bonds both of the type Has ; and it is quite unex- 
pected, for carvone behaved like camphene in all the hydrogenations 
of mixtures, and it would be anticipated that the bonds in the side 
chains of carvone and camphene would be equivalent in respect 
to platinum-black when hydrogenated in presence of one another. 
In this case, evidently, the course of hydrogenation is chiefly 
determined, not by the degree of substitution at the double bond 
in the compounds, but by their individual qualities and their 
mutual influence on adsorption at the surface of the catalyst. We 
therefore made the following experiment. Immediately after the 
mixture of carvone + camphene had been reduced, a certain amount 
of carvone was introduced into the hydrogenation vessel, and the 
course of its reduction followed (Curve 3a). Comparison of Curves 
3 and 3a shows that the rate of reduction of the nuclear bond 
(Type IIIc) of carvone is decreased in the second case : the reduction 
of its side chain is abnormally rapid in both cases. 

(/) Types HIc + IV (Tig. 10). In the mixture terpineol + 
tetramethylethylene (Curve 4), the latter is attacked first; the 
break is clearly visible, and the curve has a minimum. The third 
section of the curve corresponds with the hydrogenation of the 
alcoholic group of terpineol. 

A general survey of our experiments establishes that the degree 
of substitution at a double bond is the chief factor determining the 
order and character of the hydrogenation of mixtures of ethylenic 
derivatives (either cyclic or open-chain). Other factors, as, for 
stance, the individual characteristics of the molecules or the 
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mutual influence of molecules of two different species on their 
adsorption (and hydrogenation) at the surface of platinum-black, 
predominate only in exceptional cases. Such phenomena occur 
only when one of the components of a mixture contains conjugated 
double bonds, as in mesityl oxide or carvotanacetone. The hydro- 
genation of individual compounds containing this system is anom- 
alous, and the presence of such a component in a mixture changes 
the whole character of the hydrogenation. 

Conclusions. 

(1) Cyclic disubstituted ethylenic derivatives are hydrogenated 
more readily than trisubstituted ones, and these, in turn, more 
readily than tetrasubstituted. 

(2) Mix tures of cyclic ethylenic derivatives of a similar degree 
of substitution are hydrogenated at a common rate, the curves 
showing the absorption of hydrogen being continuous. 

(3) In mixtures of cyclic ethylenic derivatives of different degrees 
of substitution, the components are hydrogenated consecutively 
in the order given in (1). The curves for such mixtures always 
have breaks, corresponding closely to the end of the hydrogenation 
of the first component, and in many cases being associated with a 
minimum in the rate of reaction. 

(4) In a mixture, the section of the curve corresponding to the 
hydrogenation of any one component bears a strong resemblance 
to the curve obtained when this component is hydrogenated alone. 

(5) The individual hydrogenation rates of the compounds may 
be considerably modified in mixtures. 

(6) The hydrogenation of mixtures of cyclic with open-chain 
ethylenic derivatives of the same degree of substitution proceeds 
on the following lines, (a) In mixtures of cyclic with open-chain 
(a.- or as.-) disubstituted compounds, the components are hydro- 
genated concurrently, the curves for such mixtures being continuous. 
(6) In mixtures of cyclic with open-chain trisubstituted compounds, 
the components are hydrogenated consecutively, the latter reacting 
preferentially in virtue of a somewhat greater capacity for adsorp- 
tion by platinum-black ; the hydrogenation curves of such mixtures 
show rather considerable breaks, (c) In mixtures of a cyclic and 
an open-chain tetra-substituted compound, the latter is hydrogen- 
ated considerably more rapidly than the former. 

(7) Mixtures of cyclic or open-chain (s.- or as.-) disubstituted com- 
pounds with cyclic tri- or tetra-substituted compounds show much 
sharper breaks in their hydrogenation curves than when the more 
heavily substituted compounds are open-chain. 

(8) Mixtures of cyclic with open-chain ethylenic derivatives of 
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different degrees of substitution are usually hydrogenated con- 
secutively, the component with the lower degree of substitution 
at the double bond being hydrogenated first. 

(9) In mixtures containing a component with a conjugated 
system, deviations from the above generalisations are observed. 

(10) Anhydrides of maleic and citraconic acids, unlike the acids 
themselves, are toxic towards platinum-black. 

(11) Examination of the hydrogenation curves of mixtures of 
cyclic ethylenic derivatives of known constitution (standard deriv- 
atives) with those of unknown constitution enables us to determine 
the type of substitution at the double linking in the latter, but 
it is essential that the standards be cyclic. 

Military Medical Academy, 

Leningrad. [ Received , January 1st, 1930.] 


XLIX. — On Active Nitrogen . Part VII . Further 

Studies upon the Decay of the Nitrogen After-glow . 

By Eric John Baxter Willey. 

In previous papers (Part V; J., 1928, 1620; see also 1929, 228) 
it was shown that the ternary reaction 2N + N 2 — >• 2N 2 (+ glow) 
would provide, upon a simple kinetic basis, a quantitative explan- 
ation of (i) the long life of the nitrogen after-glow, (ii) the negative 
temperature coefficient of the decay, and (iii) the amount of the 
chemically active species present under given conditions. Experi- 
mental work showed, however, that the process was to be repre- 
sented as 2N + 2N a — > 3N 2 , rather than as the simpler ternary 
reaction given above. It has, moreover, been concluded that the 
luminosity and chemical activity are closely related, and not inde- 
pendent, as suggested formerly (Part IV ; J., 1927, 2831), and that 
it is not improbable that the chemically active species, which 
persists after the glow has been destroyed either by heat or by an 
electric discharge (Part IV ; loc. cit.), represents a molecule which 
has acquired part of the energy of association of atoms recombining 
in a three-body process. 

Shortly after Part V appeared, Kneser showed {Ann. Physik , 
1929, 87, 717) that the effects of pressure upon the decay of the 
after-glow are in agreement with the three-body theory; he also 
concluded, in agreement with Lord Rayleigh (Proc. Boy . Soc., 1912, 
A , 86, 262), that the walls may exert a considerable influence upon 
the reaction, but that the process is usually homogeneous, and that 
the Kaplan-Cario theory of the nature of active nitrogen is not in 
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disagreement with these findings. Herzberg also has (Z. PhysiJc , 
1928, 46, 578) emphasised the probable part played by the walls in 
the after-glow phenomena. The present author has suggested that 
the discrepancy between the two investigations might be due to diff- 
erent experimental conditions, and that a surface reaction occurring 
simultaneously with that in the gas phase masked the true homo- 
geneous decay which it was desired to measure. 

An unsatisfactory feature of both investigations was the measure- 
ment of the glow intensities by direct visual methods, a personal 
factor thus being introduced. It appeared advisable, therefore, to 
study the matter more completely, with special reference to any 
possible wall reaction which might enter. Bonhoeffer and Kaminsky 
(Z. physikal. Chem ., 1927, 127, 385) have concluded that the 
spectrum of the after-glow is independent of the nature of the 
impurity which, as is well known, must be present to cause nitrogen 
to develop its glow when sparked, and the view has gained ground 
that these “photogens” (as they may be termed) “poison” the 
walls and prevent recombination of atoms thereupon, the case being 
analogous to that of atomic hydrogen, whose life in “ wet ” vessels 
is much longer than in “ dry ” ones. If this theory be correct, a 
quantitative relation will exist between the decay mechanism and 
the purity of the nitrogen employed for any one vessel ; it was 
decided to examine this point experimentally and to measure the 
glow by means of a photo-cell, the personal factor thus being 
eliminated. 

Experimental. 

Apparatus . — This was similar to that employed in the author’s 
earlier investigation, save (i) that additional drying tubes were 
provided, together with an extra large trap, cooled by liquid air, 
through which the nitrogen passed after leaving the purification 
system, and (ii) that inlets were provided both (A) above and (B) 
below the discharge for admission of other gases as desired. The 
discharge, some 30 cm. long, burned between water-cooled aluminium 
electrodes; a condenser of 0-0125 microfarad was shunted across 
the spark gap, and the r.m.s. current was about 30 milliamps. 
The observation tube and manometer were built into a sheet-iron 
box (5' x 3' x 3'), with black cloth curtains on the front, and all 
precautions were taken to keep the observation cabinet light-tight, 
and to prevent light from the spark entering the observation tube, 
which was 60 cm. long and- 2*5 cm. wide. 

Nitrogen . — Preliminary experiments showed that after phos- 
phorus has been in use for a fortnight or so to remove oxygen from 
the nitrogen, it becomes very slow in action, and about 0-03% of 
the gas escapes absorption, unless contact is very prolonged* Copper 
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at 600° gave a gas which was found, by addition of other gases 
through inlet A (the photogen feed tap) and observation of their 
effects upon the glow, to contain ca. 0*3% of argon (which did not 
appear to have any influence) and less than 0*01% of other gases, 
and to give little or no glow. It was therefore employed as the 
standard “ pure 35 gas, and the use of phosphorus was discontinued. 

Measurement of Glow Intensity . — The photographic method, with 
ordinary plates, was valueless, since the a-bands were not recorded 
by reason of their long wave-length, while the number of observ- 
ations to be made rendered the adoption of panchromatic plates 
inadvisable. 

Attempts were therefore made to measure the luminosity by 
photoelectric methods, the phosphorus method of purification 
being temporarily used to obtain a gas which gave a strong glow. 
The ordinary potassium photo-cell is practically insensitive to yellow 
light,* and when such a cell was employed, the photo-currents were 
found to be of the order of 10" 11 amp., even with strong glows. 
Such currents can be measured (a) by observing by means of a 
quadrant electrometer the fall in potential across an alcohol-xylene 
resistance of ca, 10 11 ohms ; ( b ) by means of a Paschen or Downing 
galvanometer directly in circuit; or (c) by applying the potential 
obtained by method (a) to a valve amplifier specially constructed 
to deal with such cases — devices such as that of Wynn-Williams 
are admissible only with larger currents. When any one of these 
methods was tried, great difficulties were encountered owing to 
the discharge which produced the active nitrogen setting up a 
diversity of electromagnetic disturbances which necessitated the 
most rigorous shielding ; the movement of a photo-cell along a tube 
through which active nitrogen was being streamed required flexible 
leads, and the difficulties were thus at once increased. 

The method adopted after numerous failures was rendered possible 
through the kindness of Mr. G. F. Trippe, and the British Thomson 
Houston Co., Ltd., who placed at the author’s disposal two special 
caesium cells having an emission some 50 times that of the best 
cell of any other type which was tried. These were placed in 
parallel and fitted in series with (a) a Tinsley moving-coil galvano- 
meter of sensitivity 5 X 10 -10 amp., and practically constant zero, 
and ( b ) a high-tension accumulator giving 130 volts; practically 
no “ dark 33 current was obtained, and calibration experiments 
using an ordinary optical bench method showed that the deflexion 
of the galvanometer was directly proportional to the brightness of 
the light incident upon the cells. For the actual experiments, 

* Ordinary caesium cells have a much greater emission for yellow light, but 
are very unsatisfactory for quantitative work. 
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these were fixed in a light wooden frame held in a retort stand 
provided with a pointer on the base, and fitted to slide between 
rails parallel to and underneath the horizontal observation tube; 
the rails carried a scale, and the zero point was chosen some 10 cm. 
along the tube and 5 cm. downstream from the side limb B (see 
above). 

Procedure . — Bor measurements of the glow, the cells were first 
placed at the zero point and screened from the light by means of a 
black cloth. The galvanometer reading was taken, and the cloth 
withdrawn to cause the cells to become illuminated; the second 
reading was then made, the instrument being practically dead- 
beat and coming to rest in 30 secs, or so. This was then repeated 
with the cells at the 5, 10, 15, 20, 25, etc., points until the deflexion 
became less than 0-3 cm., after which further measurements were 
made at the 22-5, 17*5, 12-5, 7-5, and 2-5 cm. points, some 15 — 20 
observations being made for each run according to the glow intensity. 
The data were then plotted as the reciprocal of the square root of 
glow intensity against distance along the observation tube; for a 
reaction which is bimolecular with respect to the glow-producing 
system, a linear relation should thus be obtained (see, e.g. } Willey, 
loc. cit.). 

Results . 

The Production of a Glow in Pure Nitrogen . — It was found that 
with the hot-copper method of purifying nitrogen and with the trap 
well cooled by liquid air, the faint glow visible in the nitrogen at 
first quickly diminished until the gas was quite non-luminous as it 
passed along the observation tube. Moreover, entirely negative 
results were obtained in attempts to detect chemical activity in the 
nitrogen by means of nitric oxide admitted at B, the peroxide being 
tested for according to the method previously described (Part IV). 
It appears then that nitrogen which is so pure as to give no glow 
is not chemically active. 

Glow Phenomena . — The after-glow could easily be developed 
either by reducing the temperature of the copper or by the addition 
of small amounts of other gases through the photogen feed tap. 
The results of systematic investigation of the effect of added impurity 
are now given ; I is the intensity of the glow, and t the time, which 
is proportional to D, the jlistance along the observation tube. 

(a) Form of the 1/vT-t graph, (a) With fairly pure nitrogen 
the line is strongly curved (Fig. 1, A), becoming less so with con- 
tinued increase of photogen (Fig. 1, B) until it passes through a 
linear form (Fig. 1, C), and then again becomes curved (Fig. 1, D). 
This shows that the apparent “ order ” of the decay reaction is 
dependent upon the purity of the nitrogen employed. The points 
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Fig. 1. 


for Fig. 1, A give a fairly straight line when plotted as log I against 
D, indicating a decay reaction of approxi m ately the first order. 

(p) During a series of experiments which had as their object the 
determination pf the relation between glow intensity and con- 
centration of chemically active species, the following measurements 
were taken : (i) Decay curve (Fig. 2, A) ; (ii) three estimations of 
the che mi cally active species ; (iii) 20 minutes after this, a further 

decay curve (Fig. 2, B) ; 
and finally (iv) three 
more analyses. During 
runs (i) and (iii), the 
nitric oxide stream was 
replaced by an equal 
one of pure nitrogen to 
keep the pressure con- 
stant, and the flow of 
gases and the spark were 
maintained throughout. 
It will be seen that the 
graphs are linear after 
the first few cm. but 
vary widely in slope; 
in spite of this the same 
amount of chemically 
active nitrogen was 
found in all six cases. 
Hence it follows that a 
stream of luminous 
nitrogen may decay at 
widely different rates 
although it contains the 
same amount of the 
chemically active form 
throughout. 

(y) In another experi- 
ment a decay curve (Fig. 3, A) was plotted for fairly pure nitrogen 
(ca. 0*03% of oxygen being used as photogen), and the photogen 
concentration then increased to ca. 0-07%, after which Fig. 3, B 
was obtained. The apparatus was allowed to function for 90 
minutes, and a further decay curve (3, C) obtained ; the observation 
tube was then flamed gently, the gases and spark being shut off 
and a vacuum of 0*0001 mm. maintained. After cooling, the gases 
were readmitted, the spark was run for 90 minutes, and curve 3, D 
was obtained. 
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( 8 ) The clearest explanation of the results described in sections 
(a), (p), and (y) is that they are due to wall effects. With nitrogen 
of a high degree of purity 
the walls are so clean that 2-0 
recombination of the atoms, 
assured now, as before, to 
be the primary glow-pro- 
ducing elements, occurs i-g 

with great ease ; adopting 
the author’s earlier view ^ 

(Part V) as to the origin of 
the chemical activity, the j.q 

failure to obtain this in the 
absence of photogens is 
also readily explained, and 
is discussed later in the Q g 

light of the Kaplan-Cario 
theory. The findings given 
in (a) arise from the progressive poisoning of the walls by the 
y IG . 3. photogen until probably a 

point of minimum wall 
activity is reached when the 
reaction becomes homogene- 
ous and bimolecular (with 
respect to the glow-producing 
elements) as in Pig. 1, C, while 
in 1, D too much photogen is 
3 present and is influencing the 
gas phase reaction either by 
C direct participation in the 
glow emission process or else 
possibly by reaction with the 
chemically active species. 

In Fig. 2, B we have shown 
the influence of an adsorbed 
nitric oxide film upon the 
decay rate of the glow : it is 
much reduced, as would be 
expected. Furthermore, while 
the linear nature of the graph 
shows that the reaction is 
binary with respect to the 
primary glow-producing system, the slope of the curve is not deter- 
mined solely by total gas pressure, as it should be for a reaction 
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2N + No — >• 2 N 2j when the condition of the walls necessitates their 
being taken into account. A more important phenomenon is the 
constancy of the chemical activity, suggesting that if, as the Kaplan- 
Cario theory indicates, the active species is a participant in the glow 
emission reaction, it has as a complement a substance which is very 
susceptible to wall influence (see later). 

The results given in Fig. 3 are in str ik ing agreement with the 
wall- effect hypothesis. Fig. 3, A has as its fellow Fig. 1, A, while 
at the time when 3, B was obtained sufficient photogen had entered 
the observation tube to poison the walls only so far along the direc- 
tion of flow as the point of 
inflexion, and the practical 
coincidence of 3, C and 3, D 
shows that they represent the 
final state of the walls for 
nitrogen of this particular 
degree of purity. No marked 
effect of the photogens upon 
the electrical conditions has 
yet been observed, and the 
findings in Fig. 3 cannot be 
attributed to progressive 
changes in the bulk com- 
position of the gas, since the 
very small volume between 
the photogen inlet and the 
observation tube, taken in 
conjunction with the high 
flow-speed of the gas at the 
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A = Decay curve for 4*6 mm. 
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pressure employed (4*6 mm.), 
rules it out of consideration. 

(s) The evidence presented 
in sections (a), (p), (y), and (8), 
that the condition of the 


walls determines very largely the mechanism of the decay of the 
nitrogen after-glow, may be tested in the following manner. The 
activity of the surface may be expected, ex hypothesis to be 
proportional to the area exposed; the more the gas adsorbed 
upon it, the less will it influence the decay, provided that reaction 
does not occur between the adsorbed film and the glow-emitting 


system. The sim plest way of decreasing the wall effect without 
introducing any such complication is clearly to e/mploy nitrogen as a 
photogm, fc.e., by raising the over-all pressure to increase the adsorp- 
tion of molecular nitrogen; if the departure from linearity in the 
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1 j^/l-t graph is due to wall effects, the curves should be straightened 
in progressive runs from low to high pressures. This effect may 
readily be observed and is shown in Fig. 4. 

(b) The triple-collision hypothesis . Assuming the glow emission 
to result from a reaction 2N + N a — >■ 2N 2 , it follows that for a 
constant concentration of N the initial intensity will be increased 
and the life of the glow diminished by addition of N 2 . I^ neser 
(loc. cit.) confirmed this deduction, but Bonhoeffer and Kaminsky 
(loc. cit.) dissented from it. The probability of the after-glow 
resulting from a three-body reaction has already been discussed 
(Part V, J., 1928, 1620; 1929, 228) and the balance of evidence 
considered to be in its favour; it will now be shown (i) that a 
further method of calculation produces a result in excellent agree- 
ment with experiment, and (ii) that measurements made in the 
light of the findings discussed earlier in this paper prove that the 
decay in the gas phase is a ternary reaction. 

(i) It is required to calculate the mean life of the atoms, assum- 
ing that they can combine only through the medium of a triple 
collision involving two atoms and one molecule. Let X x be the 
mean free path of the atoms among themselves, and X 2 that of the 
molecules; further, let u be the r.m.s. velocity of the molecules, 
then uV 2 is that of the atoms. Now consider a particular atom a t ; 
it will collide uV^J^ times per sec. with a similar atom. If a 
molecule B converts one such atomic impact (between a 1 and a 2 ) 
into a triple collision at a point L, it must have travelled from a 
point distant between (X 2 — lux) and (X 2 -j- \ux) from L, t being 
the “ duration 55 of the a 1 -a 2 collision. Hence, at a time t = \ju 
before the impact, the necessary B molecule must lie in a spherical 
shell of centre L, of mean radius X 2 , and of thickness ux (assumed 
small compared with X 2 ). The probable number of B molecules 
in this shell is 

v B . 4&k^UX (1) 

where v B is the concentration of B molecules per c.c. In order, 
however, that the impact shall oocur, B must be definitely 

alined with regard to the colliding atoms, and the collision can 
follow only if B starts on its journey towards them in a solid angle 
7ia 2 /X 2 2 , where c is the radius of the a x -a 2 complex. The prob- 
ability that it will travel in this direction is 

(™ 2 /V)(l/4*) =? c 2 /4X 2 2 . . . . . (2) 

and the probable number of B molecules present and moving in 
the right direction is given by the product of (1) and (2), Le., 

[B] = V B . TCUXG 2 * . . . . f (3) 
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The number of such collisions per sec. which the atom a t could 
make (if it were not demobilised by the collision *) is then given 
by the product of (3) and the number of atomic collisions, i.e. 9 . 

Z = 7TV B WT0r 2 X uV2l‘k 1 — . . . (4) 

For nitrogen at 10 mm. pressure and containing 1% of the active 
form, we have X* = 8*8 X lO -1 cm., v B = 3*6 X 10 17 , u = 5*0 X 10 4 
cm./sec., and <s = T9 X 10 -8 cm. ; hence, taking t as 10~ 14 sec., we 
have Z = 1*64 X 10“ 2 , whence the mean free life of an atom, and 
thus the duration of the after-glow, will be 1/1*64 X 10~ 2 ■= 61 secs. 
This is rather longer than that actually observed (7—10 secs.), but in 
view of the uncertainty as to the numerical values of both t and <? 
(since the complex will probably be an excited molecule, and 
hence of abnormal diameter), the agreement between calculation 
and experiment is very good. 

A ternary reaction being assumed to give rise to the glow, the 
intensity, /, will at any instant be proportional to the rate at which 
the atoms are combining, i.e., to the number of triple collisions 
per c.c. per sec. ; hence 

h x I — — 0v a /0i = & 2 v a 2v B 

Integration gives l/v fl = (t - f 0)& 2 v B , C being a constant, but since 
I = k 2 v a 2 v B /k l9 we have 

1/VI = VhMi + C) Vv“ B 

and hence the slope of the line giving the relation between 1/VI 
and i should vary as Vv B , &.e., as the square root of the total gas 
pressure, P. 

(ii) Previous attempts (Part V, loc. cit.) to examine this point 
experimentally led to scattered results which showed that the slope 
varied as P and not as V P, but the dependence of the decay rate 
upon the purity of the gas, and hence upon wall conditions, accord- 
ing to the results described earlier in the present communication, 
gave the clue to the source of the disagreement between theory 
and observation, and clearly indicated that the desired correlation 
should be carried out either {a) by using a gas rich in photogens 
or (6) in a purer gas but at higher over-all pressures. 

Glowing nitrogen containing 0*03% of oxygen was streamed 
through the observation tube and its decay rate was measured as 
usual. In order to avoid the introduction of any corrections for 
changed flow-speed a constant flow of 1600 c.c. /hr. at atmospheric 
pressure was maintained, and the pressure in the apparatus was 

* This does not vitiate the argument, since we are concerned with a 
statistical discussion of the probable life of the atom. 
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varied by a choking tap in the exhaust line. Fig. 5 shows that 
the slope (S) is a linear function of VP between 5*4 and 12*8 mm., 
and that the decay of the glow may therefore be expressed as a 
third-order process, in agreement with theory. 

(c) The action of oxygen upon the after-glow . It has been found 
that when about 5% or more of oxygen is fed to the glow stream 
and the yellow luminosity is destroyed, the photo-cells behave as 
if strongly illuminated, although the gases have apparently become 
dark at the point of observation just below the oxygen inlet. This 
can only mean that the glow emission is proceeding in the non- 
visible portions of the spectrum, and as the cells have been found 


to be practically insensitive 
beyond the orange region but 
slightly more so in the green 
and blue, it follows that a very 
large radiation in the blue 
region and beyond must be 35 
proceeding in these circum- 
stances. The author is indebted 
to Mr. G. C. Eltenton for the 
information that he too has f^3*0 
observed this phenomenon (see ^ 
also Rayleigh, J., 1918, 113, 

200 ). 

(d) Constancy of decay order 2-5 
with time. Since, except under 
conditions which can be attri- 
buted to wall influence ( e.g., 

Fig. 3), no change in form of 2-0 
the decay curves is found with c 
time, it follows that the 



mechanism of the process does not alter, at any rate at these 
pressures, and that between about 5900 and 4000 A.U. (the 
sensitivity limits of the photo-cells) the emission takes place regu- 
larly among the various bands concerned. This is probably not in 
disagreement with Kdnig and Klinkmann (, Z . physikal. Chem ., 1928, 
137, 335), since the range of curve-lengths over which they worked 
is much greater than here : the present measurements apply 
practically only to the a-bands. 


(e) Photogens and chemical activity in nitrogen , .It has been 
found that the addition of photo-gas to ec pure 55 nitrogen causes a 
large increase in the concentration of the chemically active species, 
this being determined by the reaction with nitric oxide as described 
in Part IV. Attempts to establish the relationship between glow 
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intensity and concentration of active nitrogen have not yet led to 
results which can be treated quantitatively, but it appears, in 
agreement with Bonhoeffer and Kaminsky (Z. Elektrochem ., 1926, 
32 , 536) and Konig and Klinkmann ( loc . cit.), that there is no simple 
expression which connects them ; the former generally tends to rise 
more rapidly, as is shown in a typical experiment in which the 
brightness of the glow changed from 0*3 to 3*45, as measured at 
the point where the analysis was made b}^ the galvanometer deflexion, 
whilst the concentration increased from 0*44 to 1*40%. The 
intensity of the green flame produced during the reaction between 
glowing active nitrogen and nitric oxide appears to bear much the 
same relation towards the concentration of active species as does 
the nitrogen glow alone under the same conditions, the supply of 
nitric oxide being replaced by an equal one of nitrogen to hold the 
pressure constant. The experiments do, however, show that the 
same amount of chemically active nitrogen may be present in glows 
which decay at widely different rates, a point to be discussed later, 

(f) The nature of photogens. In agreement with Rayleigh (Proc. 
Boy. Soc., 1915, A , 91 , 303) and with Bonhoeffer and Kaminsky 
(Z. Elektrochem ., 1926, 32 , 536), it has been found that the optimum 
supplies of these gaseous impurities correspond to about 0*1% 
concentration in the nitrogen, and that water vapour is to be placed 
very high in the order of effectiveness (compare Herzberg, loc. cit . ; 
Lewis, J. Amer. Chem. Soc ., 1929, 51 , 654, 665). It has not been 
found possible to trace any effects of the photogens which can be 
ascribed to their specific natures, and hence it appears that their 
action is general in character. 

Discussion . 

These experiments appear definitely to clarify the state of our 
knowledge of active nitrogen. The existence of wall effect now 
demonstrated is in complete harmony with the results of Lewis 
and of Herzberg (published during the course of the present 
research). Among the phenomena to be anticipated from these 
researches are the reversal of the pressure and temperature effects 
normally found for the after-glow, and actually observed by Lewis, 
and also the divergences in the order of the decay process as observed 
by Kneser and the present author, the cause of this clearly being 
slight differences in composition of the nitrogen employed and in 
the surface of the vessels. 

More important, however, is the strong evidence for the triple- 
collision hypothesis and consequent deductions as to the origin of 
the chemical activity and the close connexion apparently existing 
between this and the luminosity. It has already been shown, both 
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in this and in earlier papers, that the ternary-reaction theory leads 
to the assumption that the glow-producing and chemically active 
species are present in comparable concentrations, and Kaplan and 
Cario. (Nature, 1929, 121, 906) and Compton and Boyce (Physical 
Rev., 1929, 33, 145) have recently shown that active nitrogen con- 
tains two species of metastable atoms (2*3 and 3*6 volts) and a 
metastable molecule (8*2 volts), evidence thus being forthcoming 
for a substance whose energy agrees well with the value 2*0 — 2*2 
volts (equivalent to 46,000 — 50,000 cals./g.-mol.) advanced in 
earlier papers of this series (Parts I, II, and III; J., 1926, 1804; 
1927, 669, 2188) for the energy of active nitrogen as it appears in 
its chemical reactions. Upon these spectroscopic findings, Kaplan 
and Cario base a theory of the origin of the after-glow. Its emission 
may result from one or more of three reactions, viz . : (i) recombination 
of one neutral and one 2*3- volt atom ; (ii) recombination of two neutral 
atoms,! ollowed by excitation of the metastable molecule thus produced 
by collision with a 2 *3- volt atom; (iii) collisional excitation of an 
8*2 volt metastable molecule by a 3*6-volt atom : since the latest 
work (e.g., Gaviola, Nature , 1928, 122, 313) shows that the heat of 
dissociation of JST 2 — >• 2N is ca . 9*5 volts, the 11 — 11*5 volts necessary 
for emission of the a-bands by the molecule are provided. 

Erl. Sponer (Z. Physih , 1925, 34, 622) has concluded that the 
emission of the a-bands (the visible after-glow) follows the recom- 
bination of atoms in triple collision with a molecule, the energy of 
association being transferred to the third body, which is thus excited 
and re-emits the energy as radiation ; as, at the time of her pub- 
lication, the heat of dissociation of N a — > 2N was regarded as 
11*4 volts, no collisional excitation was deemed necessary. It seems 
not unreasonable that the glow emission may be represented by a 
combination of the Kaplan-Cario and Sponer theories, and that the 
process is 

K + W + N 2 — > 2K 2 + After-glow, 

where W is the 2*3- volt metastable atom, assumed to be the 
chemically active form.* The right-hand side of this reaction must 
be regarded as a mere outline, but the left carries with it certain 
implications which may be considered. 

1. It accounts for the third-order decay of the after-glow, and 
hence for the negative temperature coefficient of this reaction. 

2. It is in conformity with the calculations made by the present 
author as to the comparable concentration of glow-producing and 
of chemically active species. 

* The fi ndin gs discussed in sections (a) and (/?) (p. 340) suggest also that 
the walls may under appropriate conditions act as the third body in the 
reaction. ■ 
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3. If the analogy with active hydrogen is valid, the existence of 
strong wall effects may be attributed to adsorption and hetero- 
geneous recombination of nitrogen atoms. Moreover, if we are 
prepared to admit preferential adsorption of N rather than of N' 
unless the surfaces are exceedingly “ clean,” it follows that the 
glow intensity and decay rates of an active nitrogen stream may be 
almost infinitely variable without corresponding changes in chemical 
activity, in agreement with the findings discussed in Part IV of 
this series and in sections (a) and (p) (p. 340). Since a metastable 
atom or molecule can undergo many collisions without suffering 
•deactivation — of which a good proportion must be upon the walls — 
whereas the case of atomic hydrogen shows that for normal atoms 
the surface influence is very great indeed, this assumption does not 
appear unjustifiable. 

4. It links up glow effects and chemical activity and provides 
tor an entity of the energy content which earlier work has postulated, 
viz., the metastable atom of about 2*3 volts energy (53,000 cals./g.- 
mol.) (see p. 347). 

There are, however, other possibilities to be considered. The 
principal objection to this view is that it accounts for only about 
-one-sixth of the total energy available, and does not provide any 
•clue as to why the other excited and metastable species present are 
apparently chemically inert. On the other hand, it is significant 
that in the majority of gaseous reactions the energy exchanges 
involved are much less than the 200,000 cals. /g. -mol. with which 
we are here concerned, and it is possible that too abundant a supply 
of energy may be unfavourable to chemical changes in general. 

Moreover, the Kaplan-Cario theory does not provide for a three- 
body recombination process, as found definitely in these experiments 
and less definitely by Kneser. The existence of the strong wall 
effects noted in this work suggests that it is just possible, although 
improbable, that the adsorption of the nitrogen varies as the pres- 
sure, leaving less free surface for the wall action and, by thus 
favouring the homogeneous decay, leading to an erroneous inference 
as to the effect of pressure upon the glow transformation process. 

Summary. 

1. The decay of the nitrogen after-glow has been restudied with 
an improved technique, and found to be most probably partly 
homogeneous and partly heterogeneous, according to experimental 
conditions. 

2. Unless the walls of the vessels concerned are “ poisoned ” by 
foreign gases, the recombination process is non-luminous and occurs 
as a surface reaction ; as the concentration of the impurity rises, 
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the wall reaction diminishes and the homogeneous decay increases, 
but above a limit of ca. 0*1% the impurity reacts chemically with 
the active nitrogen and interferes with the normal decay. 

3. The order of the decay process is determined by the state of 
the walls, which in turn depends upon the purity of the nitrogen 
employed; when the surface reaction is minimised, the effects of 
pressure and addition of other gases are in agreement with the 
three-body recombination theory. 

4. The after-glow probably originates in a reaction 

. N + N' — >■ N 2 ' ; N 2 ' + N 2 — ^ 2N 2 (+ afterglow), 

N' being a 2-3-volt metastable atom which is the chemically active 
species whose energy has been measured earlier. 

5. No changes are to be seen in the order of the decay as it pro- 
ceeds; neither do the spectral characteristics of the glow between 
ca. 5900 and 4000 A.U. appear to alter. 

The author’s thanks are due to Major F. A. Freeth, F.R.S., and 
to Professor F. G. Donnan, F.R.S., for providing facilities for the 
prosecution of these researches, which were carried out in 1928 and 
the early part of 1929. The co-operation of his assistant. Mi*. 
W. A. Bayliss, has been invaluable. 

University College, London. [ Received , October 21 st, 1929 .] 


L . — A New Interpretation of the Isomerism amongst 
Co-ordination Compounds of Platinum . 

By Frederick George Angell, Harry Dugald Keith Drew, 
and William Wardlaw. 

The apparently well-established cis~ and tfrans-isomerism found 
among compounds of quadric o valent platinum provides the strongest 
remaining evidence for the view that the four groups surrounding a 
central atom may be situated in a plane instead of at the corners of 
a tetrahedron. We are engaged in a re-examination of the cases in 
which isomerism of this kind is alleged, and the present paper is 
concerned with the compounds which platinous chloride forms with 
diethyl sulphide, these substances being typical of a group in which 
the evidence for a planar configuration seems most complete. We 
have now concluded, however, that the isomerism in this instance 
is of a structural and not of a spatial nature, and hence that, so far 
as these particular substances are concerned, there is no reason to 
doubt that the space distribution of four groupings associated with 
platinum is tetrahedral. 
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Blomstrand ( J. jpr. Chem., 1888, 38, 352) found that diethyl 
sulphide united with platinous chloride, giving two distinct 
dichlorides to which he assigned the structures (I) and (II), regarding 

p,^SEt 2 *SEt 2 Cl px. ^SEt 2 Cl p, o — pi. ^SEt 2 Cl Et 2 S 
EtC a rt <SEtoCl Et 2 S 

(I.) (II.) (III.) (IV.) 

a-Dichloride (B). j8-Diehloride (B). a-Dichloride (K). /3-Dichloride (K). 

hoth substances as containing bivalent platinum. Klason (Ber., 
1895, 28, 1493) extended these observations, and gave the new 
formulae (III) and (IV), where platinum is quadrivalent, or perhaps 
sexavalent in the (3-compound. Neither author contemplated a 
planar configuration, or gave really satisfactory proof of the struc- 
tures he alleged, although .useful and mainly accurate data were 
accumulated. Werner (“ Lehrbuch der Stereochemie/ 5 pp. 338 et 
seq.\ see also Z. anorg. Chem., 1893, 3, 310), ignoring the relevant 
chemical evidence of his predecessors, attributed the isomerism to 
the presence of cis - and Zr<ms-planar types, (V) and (VI), in which 

Et 2 & x ’ ^NDl " *SEt 2 Et 2 S x M2 

(v.) (vi.) (vn.) <vm.j 

a-Dichloride (W). ^-Bichloride (W). a-Bichloride. ^-Bichloride. 

platinum exhibited * 4-co-ordination. His view is universally 
accepted at the present time, although Reihlen has consistently 
adhered to an hypothesis of the tetrahedral distribution of valen- 
cies (Annalen, 1927, 447, 211; 448, 1312; Z. anorg. Chem ., 1926, 
151, 71). 

The structures which we propose as a result of the present work 
-are shown in (VII) and (VIII). In the a-diehloride each sulphur 
atom is united to tetrahedral platinum by a co-ordinate link * 


>«<a 


* After this paper had been read. Dr. NT. V, Sidgwick pointed out to us 
that dissociation of the a- and /3-dihalides would give rise to the same ions 
in both cases, if the co-ordinate links between the sulphur atoms and the 
platinum atom in the a-compound were equivalent to semipolar double bonds : 


Cl 

/$Eti " 

/SEt* 

a-Biohloride — Pt< 

C + ; j8-dichloride — 

->2Cl-*-Pt<( + , 

Cl 

\gEtj 

^SEta 


With this proviso, therefore, the a- and /3-forms are inter-related in a manner 
•close and unprecedented. The un-ionised forms are nevertheless not identical, 
because, the halogen atoms are situated in different positions in the molecule 
in the two cases; nor do the two substances represent the ionised and un- 
ionised forms of the same substance, because the chemical evidence shows, to 
take one point of several which could be cited, that the /3-dichlorideis ionised 
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constituted by the sharing with platinum of two electrons derived 
from each sulphur atom; whilst in the t S -dichloride the linkings 
between the sulphur, atoms and platinum are covalencies and the 
chlorine atoms are potentially ionised as in the sulphonium halides. 

Blomstrand and Klason observed that, whilst both the a- and 
the p-dichloride had the normal molecular weight, the yellow colour 
of the a-compound was deeper than that of the P-, and in addition 
the former substance was the more soluble in organic solvents. 
The (3-compound alone showed noticeable solubility in water, and, 
more significant, it reacted much more rapidly with alcoholic silver 
nitrate. The conductivity of both dichlorides in aqueous alcohol 
was very low, but that of the (3-isomeride was distinctly the higher. 
The a- was transformed to the (3-dichloride by treatment with hot 
aqueous diethyl sulphide. The reverse change could be effected by 
conversion, through silver sulphate and potassium bromide, or 
through the latter alone, into the dibromide, which with silver 
chloride gave the a- dichloride. The dibromide and di-iodide existed 
in one form only, and this form was stated by Blomstrand to be a 
p-form and by Klason an a-form. 

By slight modification of the original procedure, we have been 
able to prepare at will either the a- or the (3-dichloride from diethyl 
sulphide and potassium chloroplatinite, the latter being best 
prepared from chloroplatinic acid and potassium oxalate. The 
a-diehloride is readily purified by taking advantage of its solubility 
in light petroleum, and the p-dichloride by making use of the fact 
that it separates from benzene as a sparingly soluble crystalline 


to the extent of about 50% in aqueous solution and* yet exists therein, free 
from the a-form, although we should expect rapid recombination of the ions 
to produce the insoluble a-form, which would be precipitated. 

In our opinion, the crux of the matter lies in the assumption that the co- 
ordinate lin kin gs in the a-compound are equivalent to semipolar double 
bonds. This assumption cannot be true, because it contradicts the experi- 
mental evidence. We are left with only two reasonable alternatives, viz., 

(1) that the co-ordinate link is an ordinary double bond consisting of two 
covalencies, which means that the normal shells for tlxe sulphur atoms are 
expanded in the a-compounds, the sulphur atom being quadricovalent; or 

(2) that the co-ordinate links in the a-compounds are formed by the sharing 

with platinum of two electrons from each sulphur atom, the sharing not being 
such as to provide a free unit charge on the platinum atom for each co-ordinate 
link. The extent to which such sharing takes place cannot at present be 
assessed in any particular case; and it will depend in the general case on 
the nature of the two atoms concerned (compare J, Soc. Chem. Ind., 1928, 
47, 949). At present we refrain from deciding between these two possibilities.. 
It may be that both types of bonding will be found among co-ordinately 
linked atoms ; but we are inclined to prefer the second possibility in the case 
of the substances under consideration. V- 
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compound with a molecule of the solvent. We have confirmed the 
molecular weights and analyses of the two substances, and also their 
physical properties as given by Klason. The most noticeable 
physical differences between the isomerides, apart from the colours, 
lie in their solubilities, those of the a-dichloride suggesting a non- 
polar compound whereas those of the [3 -dichloride indicate a weakly 
polar substance. The (3-dichloride was sufficiently soluble in water 
for its conductivity to be measured, and the values obtained showed 
that the salt is considerably ionised — about 50% at v = 1000 if [Lqo 
be taken as 100. 

We find that the chemical properties of the two dichlorides are 
so different as to render it highly improbable that they are merely 
spatial isomerides. The ready transformation, under certain 
conditions, of the ^-compounds to the a- seems to have been the 
main cause which in the past has prevented a recognition of their 
true relationship* We have, for example, been able to isolate a 
second dibromide and to show that this is a [3 -compound, which, 
when melted at 95°, passes almost completely into the a-isomeride, 
m. p. 129° ; and we have obtained evidence that a (3-di-iodide exists 
and is still more easily converted into the a-di-iodide. 

On being kept in the solid state, or in solution or suspension in 
alcohol or benzene, either dichloride tends to pass into an equilibrium 
mixture of both. The isomeric dibromides change in a similar 
manner but much more rapidly ; but here the equilibrium mixture 
consists almost entirely of the a-compound. The di-iodides tend 
even more strongly to attain the a-state. In carrying out reactions-, 
therefore, it has been found necessary to work with freshly prepared 
or freshly tested substances and to effect the rapid isolation and 
examination of the products. In some cases, as will be seen later, 
the influence of solvents becomes important, and .the effect of 
temperature must also be taken into account. 

The most striking chemical difference between the members of 
the two series of isomeric dihalides, however, is shown by their 
interaction with silver oxide in presence of water. The (3-dichloride, 
for example, reacts in a few minutes with the production of silver 
chloride and a markedly basic substance, p latimimbisdiethylsulphon - 
ium hydroxide (IX), which is readily soluble in water. This sub- 
stance, which may be referred to as the (3-base, can be obtained in 
transparent, yellowish, deliquescent crystals which rapidly absorb 
carbon dioxide when exposed to the air. After being dried over 
phosphoric oxide, the base gives correct analytical figures for a. 
dihydroxide. Its aqueous solution is strongly alkaline to litmus,, 
has a moderate conductivity, precipitates metallic hydroxides, and 
neutralises acids, both mineral and organic, with the production of 
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pure (3-salts provided that the temperature is below the point of 
their transformation to the a-compounds. 


(IX.) 


p,^-SEt 2 *OH 

^SEt 2 -OH 


p, < /SEt 2 *O(^0 

t3Et 2 -OCO 


(X.) 


In this manner, besides the (3-dichloride, the & -dibromide and 
the (3 - oxalate (X) were prepared, and were shown to belong to 
the (3-series by quantitative reconversion into the (3-dichloride, the 
former by means of silver oxide and hydrochloric acid, and the latter 
by means of the acid alone. The oxalate, a colourless substance 
readily soluble in water and in benzene, reacts at once with lime- 
water, giving a precipitate of calcium oxalate and a solution of the 
pure (3-base, a reaction which suggests ionisation of the oxalate in 
aqueous solution. Determination of the conductivity confirmed this. 

When an aqueous solution of the base was gradually neutralised 
with 0 * 5A-hydr ochloric acid, the (3-dichloride initially precipitated 
rapidly redissolved, but the precipitate became permanent before 
the half-neutralisation stage was reached. At this stage 0*12 g. of 
pure (3-dichloride had been precipitated from a measured volume of 
solution which, as shown by another experiment, would have given 
on full neutralisation a precipitate of 0-54 g. of (3-dichloride. Thus, 
at half-neutralisation the alkaline filtrate from (3-dichloride still 
contains that substance, together with the free base and possibly 
a proportion of hydroxy chloride. On evaporation at the ordinary 
temperature, this filtrate gave a yellow alkaline oil which partly 
solidified in a paste. This experiment shows that the (3-base is not 
a complex substance like the base derived from the p -series of 
Vernon’s dimethylteUuronium dihalides. 

The a-dichloride, on the other hand, is only very slowly changed 
by moist silver oxide under precisely similar conditions, the reaction 
being incomplete after 48 hours. The evolution of diethyl sulphide 
commences at once, and the formation of silver chloride is attended 
by the precipitation of platinum as oxide or hydroxide. The 
filtrate is quite neutral to litmus : Pt(Et 2 S) 2 Cl 2 + Ag a O =. 2Et a S + 
2AgCl + PtO. The same distinction holds good for the isomeric 
dibromides and di-iodides. 

These experimental results cannot be explained adequately on 
Werner’s formulae. The fundamental difference between the a- 
and the (3-dichloride in their behaviour with silver oxide demon- 
strates most clearly that the isomerism is structural. On the new 
formulae which we propose, the experimental results find a natural 
interpretation. The a-dichloride should give wholly silver chloride 
and the unstable co-ordination compound (Et 2 S) 2 Pt(OH) 2 , which 
would fee expected to decompose into diethyl sulphide and platinum 

O'' 
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oxide or hydroxide. The p-dichloride, on the other hand, should 
furnish silver chloride and the stable base (IX). Both the p-di- 
chloride and the base should be ionised in aqueous solution. Each 
of these deductions has received confirmation. The reason why the 
p-dichloride is less polar in character than a true alkylsulphonium 
halide may well be that the influence of the bivalent platinum atom, 
which has clearly a tendency to attract electrons, prevents, by 
restraining to some extent the valency electrons possessed by the 
sulphur atom, the full development of ionisation of chlorine in the 
p-dichloride, since this development can occur only if the sulphur 
atoms are able to yield to the chlorine atoms their fourth valency 
electrons. The chlorine atoms are therefore partly covalent in the 
(3 -dichloride ; nevertheless, in aqueous solution it exhibits appreciable 
conductivity. The a-dichloride is completely non-polar because 
the chlorine atoms are attached to platinum by covalencies. 

The only other example of the production of a basic substance 
from a platinum compound of this type is described by Blomstrand 
(be. cit . , p. 362), who noticed that the sulphate derived from a 
dichloride of the dimethyl sulphide series gave an alkaline filtrate 
when sulphuric acid was removed by the action of baryta. The 
liquid left, on spontaneous evaporation, a brownish semi-solid 
residue, but Blomstrand states that the substance could not be 
obtained in a condition suitable for analysis. Imagining that the 
hydroxyl groups were attached to platinum, he gave the formula 

^ 2 g^Pt<^ ^ , although he considered that the sulphate belonged to 

the a-series. Owing, probably, to the gummy nature of his product, 
Blomstrand failed to follow up his observation by investigating the 
action of acids upon this substance, contenting himself with the 
remark that the base absorbed carbon dioxide. 

Blomstrand found that either the a- or the [3-dichloride, when 
treated with aqueous silver sulphate and filtered, gave a solution of 
a sulphate which yielded a dibromide (m. p. 118°) on treatment with 
potassium bromide. Klason, who gives m. p, 124°, states that this 
is an a-dibromide and that the same substance is produced by the 
interaction of alcoholic potassium bromide with either dichloride. 
We now find that the interaction of the [3-dichloride with silver 
sulphate and potassium bromide in the cold gives the pure p-di- 
bromide (m. p. 95°), identical with that produced by the interaction 
of the p-dichloride and alcoholic potassium bromide, and also with 
that prepared by neutralising the p-base with hydrobromic acid. 
The a-dichloride does not interact either with alcoholic potassium 
bromide or with aqueous silver sulphate at the ordinary temperature ; 
if, however, the latter mixture is boiled, some diethyl sulphide is 
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evolved (probably from the unstable a-sulphate), and the aqueous 
diethyl sulphide then converts the remaining a-dichloride into the 
p-isomeride, which interacts with the production of p -sulphate. 
It is evident, therefore, that Blomstrand and Klason must have 
heated the reaction mixture containing a-dichloride, thereby pro- 
ducing P-dichloride, and also that they must at some stage have 
heated to at least 95° the p-dibromide prepared from the p-dichloride, 
thereby converting it into the a-dibromide. These puzzling 
differences of opinion are therefore to be referred to the occurrence 
of inter-transformation between members of the a- and the p-series. 

Further convincing evidence in favour of our structures for the 
a- and p-compounds has been obtained by the following methods. 
When chlorine is added to either of the isomeric dichlorides, con- 
version into the tetrachloride occurs. Our formulae indicate that 
the a-dichloride should give rise to the octahedral form (XI), whereas 
the p-dichloride should yield the tetrahedral form (XII). We 
should expect these compounds to differ in properties as profoundly 
as do the isomeric dihalides. Moreover, (XII) should become 
transformed to (XI) by means similar to those which effect the 
change p-dihalide — >- a-dihalide. 


(XI.) 



Cl 




Pt 

T~ 

ci 



(XII.) 


Blomstrand states that no isomerism exists amongst the tetra- 
halides. He prepared the same yellow tetrachloride (m. p. 175°) by 
the addition of chlorine to either dichloride, and he obtained similar 
results with the tetrabromides, tetraiodides, and a series of tetra- 
halides containing mixed halogens. We find, however, that the 
a-dichloride gives rise quantitatively to a yellow crystalline a -tetra- 
chloride (XI), m. p. 198°, whilst the p-dichloride gives, also quantita- 
tively, a paler yellow crystalline p - tetrachloride (XII), which melts at 
133° and immediately resolidifies, forming the a-tetrachloride (XI). 
The P-tetrachloride is transformed to the a-isomeride on being boiled 
for a few minutes in ethyl or methyl alcohol, although by very rapid 
crystallisation it may be obtained unchanged from solution in the 
former solvent. Like the a-tetrachloride, however, it is unaltered 
by crystallisation from hot benzene, a non-ionising solvent. The 
transformation of the p- to the a-tetrachloride is therefore an ionic 
reaction which can be brought about by raising the temperature or 
by the use of a polarising solvent ; and this is precisely what could 
be predicted from inspection of the formulae (XII) and (XI). 



356 ANGELL, DREW, AND WARDLAW : NEW INTERPRETATION OE 


The a- and $-tetrabromides were prepared in an analogous manner. 
They are similarly inter-related, but the transformation of the 
(3- to the a-form is even more readily effected than it is among the 
tetrachlorides. 

When the p-tetrahalides are kept in the solid state their melting 
points tend to rise, whilst those of the a-tetrahalides appear to fall 
slightly. It would seem, therefore, that close parallelism exists 
among the a- and p -dihalides and the corresponding tetrahalides, 
dynamic equilibria being set up in both cases. The a-tetrahalides 
may be regarded as bis-dipolar compounds in which each platinum 
atom bears a double negative charge, whilst the sulphur atoms are 
each positively charged, this picture giving complete analogy with 
the accepted formulation of chloroplatinic acid except that the 
positively charged atoms are in that case free instead of being bound 
to the platinum atom by covalencies. Alternatively, the a-tetra- 
halides may be regarded as containing each two co-ordination 
linkings betweenplatinum and the sulphur atoms, as in the a-dihalides. 

It may be urged that the planar formula of Werner also account 
satisfactorily for the existence of two tetrachlorides, which would 
necessarily have the formulae (XIII) and (XIV). Although we 


(XIII.) 



Cl 

Et ^— |- — 7 C1 

/ Pfc / (XXV.) 

1 rsEt 2 

Cl 


considered that these formulae, which might well represent difficultly 
interchangeable forms, could not account for the experimental 
results as convincingly as did (XI) and (XII), yet further evidence 
seemed necessary to prove finally the inadequacy of Werner’s sup- 
position. This was obtained from the results of an investigation 
of the dichlorodibromides. 

On the planar hypothesis, if no spontaneous rearrangements of 
valencies occur, by adding chlorine to the a-dibromide a dichloro- 
dibromide (XV) should be produced which should differ from that 



(XVI) obtained on adding bromine to the a-dichlofide. On our 
hypothesis, however, the two substances should be identical; and 
we find that this is indeed the case, the sole product being (XX). 
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As products of the corresponding changes in the (3-series, the 
planar hypothesis demands, respectively, the two substances (XVII) 


(XVII.) 


Cl 

Et 2 S_|_ 




Br 



(XVIII.) 


and (XVIII), which should be identical, but different from either 
(XV) or (XVI). We find that neither of these demands is satisfied.* 
Labile tetrahedral forms, (XIX) and (XXI), are in both cases initially 
produced, which may readily be caused to change into the octahedral 
form (XX), and this is identical with the dichlorodibromide from the 
two oi-dihalides. There is thus, finally, only one dichlorodibromide 
from the four sources, and the order in which the two different 
halogens are added is immaterial. The labile forms (XIX) and (XXI) 
are different, although closely similar, substances, whose properties 
show that they belong to the (3-tetrahalide series ; whilst (XX) is, 
of course, an a-tetrahalide. 


Et 2 S 


EtoS- 


Pt 


Cl 


ci 

a-Dichloride.) 



Cl 

(jS-Dichloride.) 


Br Br 



A curious distinction was noticed between the a- and (3-compounds 
of both the di- and the tetra-halide series : the a-compounds are 
without exception “ electrified ” when rubbed upon glass with a 
bone spatula, the particles scattering strongly when detached from 
the glass in the attempt to collect them ; but the pure (3-compounds, 
dried under the same conditions, do not become “ charged.” A 
small proportion of a-compound present as impurity in a (3-com- 
pound may be detected in this manner. We are not aware that this 

* Even if. we suppose that Werner’s configurations should be reversed, the 
a-compounds being trans- and the ^-compounds cis -planar forms, anomaly 
still persists. 
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phenomenon has been noticed before in connexion with isomeric 
series. The triboelectric character of the a-compounds is pre- 
sumably to be ascribed to asymmetry of crystalline structure. 

The conclusion emerges from our experiments that virtually 
quadrivalent platinum in this series is of tetrahedral space structure, 
and that, when this is converted into the octahedral form, the two 
entering groups take up exclusively aa-positions. In other words, 
the octahedron is a simple derivative of the tetrahedron, without 
rearrangement of groupings, the six valency electrons of platinum 
having directions which are approximately fixed in space. This 
conclusion is entirely in accord with the results of Pope and Neville 
1902, 81, 1552) in connexion with octahedral sulphur and 
selenium. They find, for example, that, when mercuric iodide is 
added to optically active phenylmethylselenitine iodide, complete 
racemisation is produced, showing that the groups Hgl and I must 
take up ds-positions : 



Se 


7 ch 2 -co 2 h 


(Hgl s ) 



7 CH 2 -C0 2 H 


Hgl 


The present experiments show, further, that tetrahedral platinum 
must be regarded as derived from the planar bivalent form by the 
similar cis-addition of groups, whence it follows that the valencies 
of platinum in platinous chloride are inclined at an angle of some 
90°. It is improbable, therefore, that in passing from bivalent to 
quadrivalent (or quadricovalent) and to octahedral platinum the 
entering groups take up at either stage other than neighbouring 
positions of the developed octahedron ; and it becomes unnecessary 
to suppose that the directions in space of the six valencies around the 
platinum atom are ever modified : 

Y 



(a = ca . 90°.) X X 


There is thus a possibility that the skew tetrahedron representing, 
e.g, an a-dihalide may be sufficiently permanent to confer molecular 
asymmetry* This aspect is under examination. 

If it be accepted that in the ^-compounds of this series the halogens 
are united with sulphur and not with platinum, far-reaching ques- 
tions are at once raised. The case of the platinammines is so 
similar to that at present being considered as to suggest that the 
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structure must be analogous in both, and it would therefore follow 
that in the true (3-series of platinammines the halogen atoms are 
united with nitrogen and should be capable of replacement by 


hydroxyl to give strongly basic substances, e.g ., Pt<^--~ 3 


NHvOH 


NH 3 *OH 


Evidence that a base of this nature can indeed be produced was put 
forward by Odling many years ago (Chem. News , 1870, 21, 289), but 
the significance of his experiments appears to have been overlooked. 
It seems clear that the structures of many other ammines must be 
re-examined in the light of these results, and we are now engaged in 
work upon the foregoing platinammines and other substances. We 
intend also to examine the possibility of resolving into optically 
active components (i) the halides of the (3-series of the form 


PI 


IRR'Hal 
IRR'Hal 5 


in which the sulphur atoms should be centres of 


asymmetry, and (ii) compounds of type (XX), in which the molecule 
should be asymmetric on our theory but not on that of Werner. 


Experimental. 

Preparation of the Isomeric Dichlorides . — Potassium chloro- 
platinite, dissolved in about 5 times its weight of water, was shaken 
with a slight excess above 2 mols. of diethyl sulphide, (a) If the 
a-dichloride was required, the yellow precipitate, which consisted 
mainly of this isomeride, was removed after 2 hours, and the a-di- 
chloride was crystallised from light petroleum (b. p. 40 — 60°), in 
which the |3 -isomeride did not dissolve. The aqueous mother- 
liquor, after concentration at the ordinary temperature, deposited 
yellowish-white needles of the (3 -dichloride. As soon as the aqueous 
liquid commenced to deposit potassium chloride, it was extracted 
with chloroform, which removed the remaining isomeric dichlorides. 
In one instance, pure a-dichloride was obtained on evaporation of 
the chloroform extract, (b) If the (3-dichloride was required, the 
yellow precipitate (above) was kept with the mother-liquor in a 
closed flask for a day*, whereupon most of it redissolved. The 
filtrate from undissolved material (a mixture of the two dichlorides), 
when evaporated at the ordinary temperature or when freed from 
ethyl sulphide by passage of air through the liquid, yielded the pure 
(3 -dichloride. The residual liquid was finally treated as in (a). 
The total yield of the two isomerides was almost quantitative. 

The a-dichloride (VII), m. p. 106 — 108°, is insoluble in water, but 
readily soluble in ether, chloroform, benzene, and other organic 
solvents. It separates from light petroleum in bright yellow plate- 
lets, and from benzene in large yellow prisms which are without 
solvent of crystallisation. It crystallises well from alcohol in 
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prismatic needles (Found : C, 21*55 ; H, 4*5 ; Pt, 43*7 ; M , cryo- 
scopie in benzene, 434. Calc, for O 8 H 20 Cl 2 S 2 Pt : C, 21*5 ; H, 4*5 ; 
Pt, 43*7%; M, 446*5). It reacts rather slowly with silver nitrate 
in alcoholic solution ; after 2 days, the filtrate from silver chloride 
gives with potassium chloride a mixture of the a- and the (3-dichloride. 

The [3 -dichloride (VIII) melts at 106 — 107° and is almost white. 
It is appreciably soluble in water and readily soluble in chloroform. 
In benzene it first dissolves and then separates in large, light yellow 
prisms, which often show square faces, containing 1 mol. of benzene 
of crystallisation which is lost on exposure to the atmosphere or 
at 60° (Found : C 6 H 6 , 14*2. Calc. : C 6 H 6 , 14*9%). The (3-di- 
chloride is only sparingly soluble in ether or in light petroleum. 
When melted, it gives after solidification a mixture of the a- and the 
p-dichloride (Found, for solvent-free {3-dichloride : C, 21*65 ; H, 
4*55; Pt, 43*75; If, cry oscopic in benzene, 438). 

When the a- and the (3 -dichloride are mixed, there is very marked 
depression of the melting point. 

Interconversion of the Isomeric Bichlorides. — The a-dichloride is 
partly converted into the (3-isomeride on being heated either alone 
or in alcoholic solution, or much more completely by Blomstrand’s 
method of treating it with further aqueous diethyl sulphide, prefer- 
ably in the warm (Klason), which causes it to enter into colourless 
solution in proportions so high as to suggest the formation of a new 
soluble complex with diethyl sulphide stable only in presence of an 
excess of the sulphide. The (3-dichloride is partly converted into 
the a-isomeride on being melted or on being allowed to remain in 
solution in benzene for some weeks. When kept, each of the 
crystalline dichlorides slowly reverts to a mixture of both. 

Action of Moist Silver Oxide on the Isomeric Bichlorides. — (1) The 
a-dichloride, ground in a glass mortar with excess of silver oxide and 
a little water, was only very slowly changed, with production of free 
diethyl sulphide, silver chloride, and insoluble platinous oxide or 
hydroxide. After 48 hours, the filtrate showed no alkalinity to 
litmus and gave no precipitate with dilute hydrochloric acid except 
a negligible trace of silver chloride. The precipitate, dried at the 
ordinary temperature and extracted with benzene, gave some 
unchanged a-dichloride. The insoluble residue was shown to 
contain both silver chloride and platinum oxide or hydroxide. 

(2) The (3-dichloride reacted rapidly when treated with silver oxide 
in the same manner, the change being complete in less than £ hour. 
The clear, faintly yellow filtrate from silver oxide and chloride had 
no odour of diethyl sulphide. It was strongly alkaline to litmus, 
and when neutralised with dilute hydrochloric acid gave a crystalline 
precipitate of the pure (3-dichloride. The aqueous solution of this 
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{3-base, when evaporated to dryness in a vacuum over phosphoric 
oxide at the ordinary temperature, gave pale yellow hygroscopic 
crystals of phtimcmbisdiethylsulphonium hydroxide (IX), which, 
like the aqueous solution, soon absorbed carbon dioxide if exposed 
to air (Found, in base exposed to air as little as possible : C, 23*85 ; 
H, 5*15 ; Pt, 47*3, 47-75. C 8 H 22 0 2 S 2 Pt requires 0,2345; H, 54; 

Pt, 47*7%). The dried base was easily soluble again in water or in 
ethyl alcohol. Hydrogen sulphide produced a brown precipitate 
of a sulphide of platinum, diethyl sulphide being liberated. 

By neutralising the aqueous solution of the (3-base with aqueous 
acids, the following salts, shown to be of the (3-series by the reactions 
briefly summarised below, were prepared. 

The p-dibromide, Pt(SEt 2 Br) 2 , separated from alcohol in pale 
yellow, domed prisms, m. p. 93 — 95° ; the melt resolidified and then 
remelted at 128—129°. The substance was identical with a specimen 
of ^-dibromide prepared by a second method, viz., the action of 
alcoholic potassium bromide in the cold upon the (3 -dichloride , also 
dissolved in alcohol ; a mixed m. p. of the two specimens showed no 
depression. A third method, the action (which is rapid) of moist 
silver sulphate upon the (3-dichloride in the cold, followed by filtra- 
tion and addition of aqueous potassium bromide to the filtrate, gave 
identically the same substance. The (3-dibromide is more soluble 
in benzene than the corresponding dichloride (Found : Pt, 36*8. 
CgKaoB^SgPt requires Pt, 36-45%). It slowly reverts to the 
a-isomeride when kept, and more rapidly when left in contact with 
alcohol. The structure was checked by the following reactions : 

(3-Bibromide (3 -Base (3-Dichloride. 

r Ag a 0 r HC1 

The a -dibromide, PtBr 2 (SEt 2 ) 2 , prepared by heating the |3-di- 
bromide at 100° for a few minutes, the transformation being nearly 
quantitative, crystallised from ethyl alcohol in large, golden-yellow r , 
hexagonal spangles, m. p. 129° (Found : Pt, 36*25%). An alcoholic 
solution of potassium bromide was without action upon the oc-di- 
chloride : even when the liquid was warmed for a few minutes, the 
dichloride was recovered unchanged. 

The (3 - oxalate (X) formed colourless transparent crystals when its 
aqueous solution was allowed to evaporate. It was very soluble in 
water, the solution being neutral to litmus and giving with lime- 
water a deposit of calcium oxalate and a solution of the [3-base, from 
which, after filtration, the addition of hydrochloric acid precipitated 
the pure p -dichloride. The latter is also precipitated by direct 
addition of hydrochloric acid to a solution of the (3-oxalate. The 
{3-oxalate melts near 60° if heated slowly, but the melt is not clear 
and partial resolidification occurs, the solid melting again near 95°. 
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Probably partial transformation to an a-form takes place at the 
lower temperature. The substance is in part soluble in benzene, 
separating as an oil which solidifies on standing to a crystalline mass 
apparently identical with the initial p -oxalate. For analysis it was 
crystallised from water and dried over phosphoric oxide (Found : 
C, 25*7; H, 4*4; Pt, 42-25. C 10 H 20 O 4 S 2 Pt requires C, 25-9; H, 
4-3 o; Pt, 42-1%). 

A sulphate crystallising with 7H 2 0 was prepared by Blomstrand 
(loc. cit.) from either dichloride by treating it with aqueous silver 
sulphate, and hence he prepared what we now know to be the 
a-dibromide, by treatment with potassium bromide. Klason 
afterwards showed that Blomstrand’s a-dichloride contained 20% 
of (3-dichloride, to which its behaviour (above) is now shown to 
be due. 

Although Blomstrand correctly assigned his sulphate to the 
(3-series, he did so because he prepared from it a dibromide which 
he thought, incorrectly, to be a {3-compound. In reality, he must 
have obtained the (3 -dibromide which he unwittingly transformed 
to the a-isomeride by heating the solution at some stage. We 

prepared the (3-sulphate, Pt<^^ 2 ^>S0 4 , from the (3-dichloride 

with silver sulphate and found (p. 354) that its aqueous solution 
precipitated the pure (3-dibromide on treatment in the cold with 
aqueous potassium bromide. The same result was obtained when 
the (3-base was neutralised with sulphuric acid, and potassium 
bromide added to the solution. The sulphate is therefore certainly 
a (3-sulphate. We found, also, that the a-dichloride was unaffected 
in the cold by moist silver sulphate after 16 hours. If, however, 
the mixture was heated at 100° for some minutes, diethyl sulphide 
was evolved, and this in the presence of water changed some un- 
altered a-dichloride to the [3-isomeride, which, in turn, reacted with 
silver sulphate to produce a proportion of (3 -sulphate. The a-sul- 
phate, therefore, is probably unstable ; and, in any case, it cannot 
be prepared in this manner. 

The (3-dichromate, prepared from the (3-base with potassium 
dichromate and sulphuric acid, separated from benzene in dark red 
needles, m. p. 140°. It was decomposed by hot ethyl alcohol. 

Attempts to prepare the Isomeric Di-iodides . — Blomstrand prepared 
a di-iodide (m. p. 136°) from the sulphate with potassium iodide. 
He considered this to he a (3-compound, but Klason assigned it to 
the a-series. The following experiments indicate that the a-di-iodide 
melts at 142—144° and that the (3-di-iodide changes into it without 
melting. Attempts to isolate a pure specimen of the [3 -di-iodide 
have been fruitless. 
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(1) Alcoholic potassium iodide reacted in the cold with an alco- 
holic solution of the a-dichloride (contrast the behaviour of potassium 
bromide, p. 361). Orange-red crystals of a di-iodide were obtained, 
which, after extraction by cold benzene, reddened near 115° and 
melted at 141 — 143°. By crystallisation from alcohol, square 
orange prisms in serrated clusters, m. p. 142 — 144°, were obtained. 
This substance gave no (3 -base with moist silver oxide ; the mixture 
slowly evolved diethyl sulphide. The substance was therefore the 
a-di-iodide. When the above reaction mixture is heated, some 
diethyl sulphide is evolved. 

(2) Alcoholic potassium iodide reacted at once in the cold with 
an alcoholic solution of the (3-dichloride, giving a di-iodide (m. p. 
138 — 140°), which was apparently identical with the former sub- 
stance. Silver oxide, however, acted upon it to give a very small 
proportion of (3-base. 

(3) The action of hydriodic acid (colourless) on a solution of the 
(3-base at the ordinary temperature gave a product (orange-yellow, 
m. p. 138 — 140°), which crystallised from alcohol in the same form, 
and did not depress the m. p. of the former product. It gave no 
.|3-base with moist silver oxide. 

When the reaction was carried out at 0°, a product was obtained 
(m. p. 138 — 140°) which, after crystallisation from alcohol (Found : 
Pt, 31*2. Calc, for C 8 H 20 I 2 S 2 Pt : Pt, 31-0%), gave a considerable 
proportion of (3 -base, together with diethyl sulphide, when treated 
with moist silver oxide (16 hours). The original material was 
therefore probably a mixture of the a- and the (3-di-iodide. 

In another similar experiment, in which the (3 -base was treated 
below 0° with aqueous potassium iodide and then with a slight excess 
of dilute sulphuric acid, a brownish-yellow di-iodide, m. p. 132 — 
135°, was obtained. From methyl alcohol, it separated in minute 
yellowish-brown crystals, m. p. 141 — 143°, which partly melted if 
plunged into a bath at 125°. With moist silver oxide, it gave a small 
proportion of (3-base. 

(4) When the (3-dichloride was decomposed with aqueous silver 
sulphate, and to the filtered solution of the (3 -sulphate an excess 
of aqueous potassium iodide was added below 0°, a yellow di-iodide 
was precipitated. After extraction with benzene, however, the 
orange product was indistinguishable from the a-di-iodide. 

It must be concluded from these experiments that the (3-di-iodide 
is easily transformed to the a-isomeride. 

Tetrahalides . — The <x-tetrachloride (XI) was prepared in quantita- 
tive yield by passing a slight excess of chlorine at 0° or at the 
ordinary temperature into a chloroform or benzene solution of the 
a-dichloride. The crude product had m. p. ca. 196° (decomp.) ; it 
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separated from ethyl alcohol in lemon-yellow needles or in massive 
rectangular tablets belonging to the cubic system. The pure 
substance melts and decomposes at 198°, with sintering from 188°. 
It is readily soluble in benzene, from which it crystallises unchanged 
in cubic tablets (Found : C, 18*85 ; H, 4-25.; Pt, 37*5. C 8 H 20 Cl 4 S 2 Pt 
requires C, 18*55; H, 3*9; Pt, 37*7%)- 

The p- tetrachloride (XII) was similarly obtained from the (3-di- 
chloride. The crude product melted between 120° and 130° but 
contained some a-tetrachloride. Crystallised from benzene, in 
which it is much less soluble than the a-isomeride, it separates in 
jagged, light-yellow prisms or (more slowly) in compact prisms 
capped by pyramids, the crystals being cubic (Found : C, 18*75 ; 
Et, 4*2 ; Pt, 37*6, 37*9%). The powdered crystals melt completely 
when plunged into a bath at 135° ; the yellow melt then resolidifies, 
the solid melting again near 195°. When boiled with methyl or 
ethyl alcohol for a short time, it is changed to the a-tetrachloride, 
which separates in the pure state ; but it may be crystallised from 
ethyl alcohol by momentary heating and cooling, whereupon it 
separates in small, greenish-yellow, glistening platelets, melting 
first at 133° and then near 198°. The mixed m. p. of the two. 
specimens of a-tetrachloride, prepared (i) directly and (ii) through 
the (3-tetrachloride, was the same as that of either. 

The oL-tetrabromide , PtBr 4 (SEt 2 ) 2 , obtained quantitatively by the 
action of bromine on a chloroform solution of the a-dibromide, 
crystallises from ethyl alcohol in lustrous scarlet needles, sintering 
from 192° and melting at 198° (decomp.) (Found : C, 14*0 ; H, 2*95 ; 
Pt, 28*0. CgH 2 oBr 4 S 2 Pt requires C, 13*8; H, 2*9; Pt, 28*1%); 
it is much more readily soluble in benzene than the (3 -form. 

The $-tetrabromide 9 PtBr 2 (SEt 2 Br) 2 , was obtained by adding at 0° 
a slight excess of bromine in pure chloroform or, better, in benzene, 
to a solution of the [3-dibromide in the same solvent. The crude 
product melted completely and resolidified in a few seconds if 
plunged into a bath at 135°, but if plunged at 115° and then heated 
it was changed without melting to the a-isomeride. It separated 
from warm benzene in light red, flat, prismatic needles (Found : 
C, 13*6 ; H, 2*95 ; Pt, 27*8, 28*05%), which melted if plunged at 125° 
and then resolidified to the a-compound, melting again at about 
195°. When crystallised once from ethyl alcohol, it was changed 
to the a-form, the m. p. and mixed m. p. with that substance being 
identical. This (3-compound is more easily changed to the a-form 
than is the [3 -tetrachloride. It should not be heated longer than a 
few seconds to effect solution even with benzene. 

DicMorodibromides . — In the following reactions addition of 
halogen to the dihalides was carried out in solution in alcohol-free 
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chloroform, in pure benzene, or in a mixture of chloroform and 
ligroin. Experiments indicated that benzene was the best solvent 
and that undue excess of halogen was to be avoided. In all cases 
the solvent was at once evaporated at the ordinary temperature, 
the product was quickly dried, and its m. p. observed. The whole 
product was then crystallised from pure benzene with momentary 
heating, and the crops were examined as to colour, crystalline form, 
and m. p. In all cases identities were checked by these means and 
by mixed m. p.'s and analyses. 

(1) Action of chlorine on the a- dibromide. The crude a -dichloro- 
dibromide (XX) separated as a mass of crystals, m. p. 190—193° 
(decomp. ; after sintering). Crystallised from benzene, in which it 
was readily soluble, it separated in massive orange-red rhombs 
showing square and hexagonal faces. The powdered substance, 
which was strongly triboelectric, showed no signs of melting when 
plunged into a bath at 140°. It softened somewhat above 185° and 
melted at 190 — 193° (decomp.). It separated readily from ethyl 
alcohol in prismatic crystals, m. p. 192 — 193° (decomp.); but 
examination of the mother-liquors showed that the substance is 
partly reduced by alcohol, the use of which is therefore to be avoided 
in this connexion (Found : Pt, 31*8, 32-1, 32*3. C 8 H 2 oCl 2 Br 2 S 2 Pt 
requires Pt, 32*2%). Even from benzene the substance should not 
be recrystallised more than once. 

(2) Action of bromine on the v.~ dichloride. The crude product 
consisted of crystals of the same a-dichlorodibromide, m. p. 189— 
192° (decomp.) after sintering. The crystals from alcohol or from 
benzene were those of (XX). Analyses were carried out after 
one crystallisation from benzene (Found : C, 16*1; H, 3*65; Pt, 
32*15, 32*1%) and then after a recrystallisation from the same 
solvent (Found : Pt, 31*8. Calc. : C, 15*8; H, 3*3; Pt, 32*2%). 

(3) Action of chlorine on the dibromide. The crude orange- 
yellow crystalline product, which was thrown out of solution when 
chlorination was carried out at 0° in benzene, consisted of the 
$~dichlorodibromide (XIX), melting completely when plunged into a 
bath at 105° and then resolidifying and again melting near 188°. 
When crystallised from ethyl alcohol, it was completely changed to 
the a-isomeride (XX); but it could be crystallised by momentary 
warming with benzene, from which it separated in small, dark yellow, 
complex prisms or in rhomboidal platelets melting if plunged at 110°, 
or near 120° (incompletely) if heated in the ordinary way (Found, 
in different preparations: C, 15*5; H, 3*4; Pt, 31*8, 32*1%), 
A mixture with the' isomeric (3-dichlorodibromide (XXI, below), 
m. p. 125°,* melted completely if plunged into a bath at.ll5°, but 
if heated in the ordinary way melted only at 190 — 192°. This 
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dichlorodibromide was much less permanent than (XXI), changing, 
even on a few minutes’ boiling with benzene, into the a-isomeride, 
which was shown to be identical with (XX). 

(4) Action of bromine on the bichloride. The crude product 
consisted of a mass of salmon-yellow prisms of the $-dichloro- 
dibromide (XXI), completely melting when plunged at 128°, resolidi- 
fying, and again melting near 188°. Crystallised from benzene, in 
which it was much less soluble than the a-isomeride, it separated in 
complex prisms, m. p. 125° (with resolidification), of salmon-yellow 
shade, showing rhomboidal faces (Found : C, 15*8 ; H, 3*35 ; Pt, 
32*25%). One crystallisation from ethyl alcohol or 10 minutes’ 
heating in solution in benzene changed it completely to the a-form, 
which was again proved to be identical with (XX). This [3 -dichloro- 
dibromide, which is of darker shade than (XIX), can be kept in the 
solid state for several days without suffering more than slight change 
to the a-form. 

All four of the (3-tetrahalides prepared were easily wetted and 
decomposed by concentrated nitric acid, in marked contrast to the 
a-tetrahalides, which were remarkably stable to the warm reagent. 

In solution, the a-tetrahalides are probably in equilibrium with 
small proportions of the partly ionised (3-tetrahalides, for the 
a-dichlorodibromide tends to pass after many crystallisations from 
benzene into an (x-chlorotribromide, large ruby-red prisms from 
benzene, m. p. 196° (decomp.) (Found: C, 15*05; H, 3*2; Pt, 
30*0, 29*9. C 8 H 20 ClBr 3 S 2 Pt requires C, 14*75 ; H, 3*1 ; Pt, 30*0%). 

Equimolecular mixture of the ^-tetrachloride and oL-tetrabromide. 
The mixed substances, intimately ground together, had the same 
m. p. as the a-dichlorodibromide (XX), and it was practically 
unaltered when the latter was added to the mixture. Crystallisation 
from alcohol (Found : Pt, 31*7%) or benzene gave products very 
similar to those obtained by crystallising (XX) from the same 
solvent. It will be seen that the a-tetrachloride does not depress to 
a normal extent the m. p. of the a-tetrabromide, and this pheno- 
menon is to be expected (compare J., 1928, 512). It is uncertain, 
therefore, whether an equimolecular mixture of these substances 
would depress to any noticeable extent the m. p. of a true a-dichloro- 
dibromide (XX). There remains the possibility that (XX) is 
produced when the mixture crystallises, or that mixed crystals of 
the two tetrahalides, indistinguishable from (XX) by the means 
employed, are formed. Again, it is possible that at temperatures 
near 180° the a-dichlorodibromide (XX) becomes changed into an 
equimolecular mixture of the two simple a-tetrahalides. The 
matter will be further examined. 
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Physico-chemical Measurements . 

Molecular Weights. — These determinations were made to show 
that the isomerism of the a- and |3 -salts could not be explained by 
supposing that one was a polymeride of the other, this view of the 
relationship of certain 4-co-ordinated platinum compounds being 
maintained by Reihlen and Nestle (Z. anorg. Chem .. 1927, 159, 343 ; 
Annalen, 1926, 447, 21, 312, 448). 

The benzene used was supplied by the British Drug Houses, Ltd., 
especially for molecular- weight determinations. Traces of moisture 
were removed by distillation over phosphoric oxide (compare 
Sidgwiek, J., 1920, 117, 1340). A determination with naphthalene 
in this solvent gave M y 128*2. The a- and (3-salts were analytically 
pure and their m. p.’s were unchanged by successive recrystallis- 
ations from light petroleum (b. p. 40 — 60°) in the case of the a-, and 
from hot benzene in the case of the (3 -form, benzene of crystallisation 
being afterwards removed [Found : for a-salt, M, 434 ; for (3 -salt, 
M , 438. PtCl 2 (SEt 2 ) 2 requires M, 446*5]. 

Conductivity Measurements. — These determinations, which 
required special care on account of the small solubility of the 
substances in water, could not be accurately made by the use of a 
Kohlrausch slide wire. To overcome these and other disadvantages, 
a substitution bridge, constructed by Messrs. Tinsley and Son to 
the specifications of Mr. H. M. Spittle of this Department, was 
employed. 

The arrangement of the apparatus is outlined in Fig. 1. 

A valve oscillator, V, producing a pure sine wave of 1000 cycles, 
formed the source of alternating current, all capacity effects being 
eliminated by the use of two fixed inductances and one variable 
inductance, I, the effective inductance of which balanced the 
capacity of the liquid in the conductivity cell, C. Two 2000-ohm 
non-inductive resistances, P 1 and R 2 , formed two arms of the bridge, 
the third, R 3 , consisting of a variable non-inductive resistance of 
0 — 11,000 ohms. The fourth contained another variable non- 
inductive resistance of 0 — 10,000 ohms, R 4 , which could be coupled 
with the cell, and, where necessary, R 3 and R 4 were increased by the 
introduction of additional, standardised non-inductive resistances. 
Readings were made by altering R 3 , so that a balance was obtained 
with R 4 about 50 ohms, when in series with the cell. By eliminating 
the cell, the true value of R 3 was determined, the difference between 
the two readings giving the actual resistance of the cell, although the 
total resistance of the bridge remained unaltered. In this way 
successive readings of a resistance of any magnitude never fluctuated 
by more than 0*1 %. 

Conductivity water. The water used possessed a conductivity of 
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3-1 x 1<H mho at 18°, and this did not materially increase during 
the course of several weeks. 

Conductivity vessel. The conductivity vessel was constructed to 
hold 5 c.c. of liquid and fitted with a ground-glass stopper. After 
being washed with conductivity water, the vessel was dried in a 
vacuum desiccator, which was then opened in a slow stream of 
carbon dioxide-free air. Dilutions ( v ) are given in litres per g.-mol., 
and the temperature was 18° in each case. 


Fig. 1. 



Mesulis. Solutions of the g-dichloride were prepared in two 
ways : (a) by warming to 30°, followed by cooling to 18° (the 
solution was not acid to litmus or Congo-red paper), and (6) by 
shaking the salt (2 mg.) with water (5 c.c.) in the cell over-night. 

V. pi. V. pi. 

jS-Dichloride (solution a) 658*2 43*4 ^-Oxalate 355*3 18*6- 

( „ b) 1037 50*9 ^3-Base 276-4 *11*4 

„ ( „ b ) 1178 50*4 115*0 7-2 

Werner and Herty’s conductivity data (Z. physikal. Chem ., 1901, 
38, 347) for the diammines of platinous chloride are of interest in 
connexion with our results for the dichloride. Their initial values 
for g for the m-forrn were low ({i 2 — 4) provided that the solution 
was prepared at 25°, but if it was first heated to 50° and then cooled 
to 25° a value of ca . 40 was recorded. Owing to the minute solu- 



PARTIAL ESTERIFICATION OF POLYHYDRIC ALCOHOLS. PART X. 389 


bility of the trans -form in water at 25°, they could not obtain 
suitable solutions for conductivity measurements by operating at 
this temperature, but they found that if the salt was dissolved in 
water at 50° and the solution then cooled to 25°, a conductivity of 
about 40 was registered. Hence they inferred by analogy with the 
behaviour of the cis-form that, if direct solution could have been 
effected at 25°, the trans-form would have been a non-electrolyte. 
Their statement that the cis- and tfraws-diammines are non-electro- 
lytes is based, therefore, on analogy rather than on direct experi- 
mental evidence. 

The authors wish to express their thanks to the Department of 
Scientific and Industrial Research for a grant to one of them 
(F. G. A.), and to the Chemical Society for their grant in aid of this 
investigation. 

UNIVERSITY OF BIRMINGHAM, 

Edgbaston. [Received, December 3 rd, 1929.] 


LI. — The Partial Esterification of Polyhydric Alcohols. 
Part X. The Discovery of the First True fi-Glyceride, 
and the Untrustworthiness of the Supposed Structures 
of Certain Diglycerides. 

By Arthur Fairbottrne. 

The following method of synthesising 3-derivatives of glycerol has 
formerly been regarded as trustworthy for E- esters (Grim, Ber.. 
1910, 43, 1288), although untrustworthy for [3-ethers (Gilchrist and 
Purves, J., 1925, 127, 2735) : 

CH 2 C1 CH 2 C1 ch 2 -oh 

CH-OH — > CH-OR — > OH-OR 

CH a Cl ch 2 ci 6h 2 -oh 

In Part Y (J., 1926, 3148), however, it was shown to produce 
a- instead of [3-esters, and the publication of this result was followed 
by claims of the discoveries of the first true fl-ester of glycerol 
(Helferich and Sieber, Z. physiol . Chem., 1927, 170, 31 ; 1928, 175, 
311) and also of the first true [3-ether (Hill,.Whelen, and Hibbert, 
J. Amer. Chem. Soc., 1928, 50, 2235; Hibbert, Whelen, and Carter, 
ibid., 1929, 51, 302). 

In Part IX ( J., 1929, 2232) it was shown, on the other hand, that 
themethod : was trustworthy for the preparation of the p-ethers, thus 
precisely reversing the relative values assigned to the reaction in 



370 


EAIRBOTTRNE : THE PARTIAL ESTERIFICATION 


the literature ; and it was incidentally realised that the credit of 
synthesising the first true P-ether of glycerol is apparently due to 
Gilchrist and Purves (Zoc. cit.), who, however, mistakenly recorded 
their experiment as a failure instead of as a success. 

An almost parallel re-investigation of this synthesis has now 
been independently carried out by Hibbert and Whelen (J . A?ner. 
Chem . Soc., 1929, 51 , 1943), who, reasoning from the evidence 
considered in Part VII of this series, studied the same reactions 
and reached identical conclusions. These authors, however, effected 
their final hydrolysis by a modified process which involved a treat- 
ment with acid. Since alkaline conditions frequently favour 
migratory changes, it is very doubtful whether acidic conditions 
ought thus to be substituted for them, in seeking to prove that 
migrations could not have occurred in Gilchrist and Purves ’s work. 
On the other hand, the introduction of acid has greatly improved 
the yield obtainable from these reactions, which therefore now 
constitute a trustworthy process for preparing true p -ethers of 
glycerol without the formation of their a-isomerides. 

If the conclusion reached in Part V (loc. cit.) is correct, that all the 
preparations of supposed “ p 55 -monoglycerides known in 1926 were 
illusory, Helferich and Sieber would appear to be justified (loc. cit.) 
in claiming that they have now isolated the first true [3- glyceride 
ever obtained. 

It is clearly desirable, for this and other reasons, that all supposed 
esterifications in the p -position of glycerol should be subjected to 
careful scrutiny, and the present paper consists of an inquiry into 
some of these cases. 

Esters of inorganic acids, such as the nitrates and phosphates, 
have not normally been contemplated in connexion with the general 
statements referring to £C p ‘’-monoglycerides and “ p ”-mono-esters 
made in this series of papers, but “ p ’’-monochlorohydrin has 
necessarily been taken into consideration, to some extent, as an 
intermediate product in one of the suggested syntheses investigated 
in Part V (loc. cit.). Prepared by the method of Hanriot (Ann. 
Chim ., 1879, 17 , 76), the particular specimen employed in that 
investigation was proved by its p - ni tr obenz oat e to consist almost 
entirely of the unwanted a-isomeride. Henry (Bull. Acad, roy . Belg., 
1897, 33 , 110), however, apparently succeeded in differentiating 
between samples of these isomerides by reducing them to propylene 
glycol and trimethylene glycol, respectively. Read and Hurst 
(J., 1922, 121 , 989) also describe a preparation of the cc p ’’-mono- 
chlorohydrin, but give no satisfactory proof of the structure of their 
product. Smith and Samuelsson (Z. physikal. Chem., 1918, 92 , 
717 ; 1920, 94 , 691 j 723) have shown that the proportion of the 
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isomerides which are produced when glycerol and hydrogen chloride 
react upon one another varies with the conditions adopted. 

No record has been found of any attempt to ‘prepare a (3 -mono- 
glyceride from a veritable specimen of (3-monochlorohydrin by the 
method Griin suggested ( loo . cit .), although Delaby and Dubois 
recently contemplated this synthesis ( Compt . rend., 1928, 187, 949) 
in co nn exion with their belief that the (3-mono-ester predominates 
when glycerol and formic acid react ; nor is it thought likely that 
such an attempt will succeed, since a preferential production of 
a-mono-esters is usual whenever intermediate airings can occur 
(compare Part V, loo . cit. ; Part VII, J., 1929, 129 ; Part IX, 
loo. cit.). 

Griin considered, however, that the trustworthiness of his 
alternative process for preparing (3-monoglycerides, based on the 
reactions discussed at the beginning of this paper, had been experi- 
mentally confirmed ( loo . cit.) by his resulting <£ (3 ’’-monolaurin 
reacting with phenylcarbimide, and by his “ a ’’-monolaurin not 
doing so. 

This reaction has therefore been re-investigated : it is found 
that both the a- and the <£ (3 ’’-monolaurin prepared by his method 
can yield diphenylurethanes, which are identical, since no depression 
of melting point is caused when they are mixed. 

Thieme also synthesised a “ (3 ’’-monolaurin by a modification of 
Grim’s process (J. pr . Chem 1912, 85, 284) : 

ch 2 ci ch 2 ci 9h 2 ci ch 2 i 9h 2 -o*no 9h 2 -oh 

9H-OH -> 9H-0-S0 3 H-> 9H-OLa 9H-OLa 9H-OLa CH-OLa 

CH 2 C1 CH 2 C1 CH 2 C1 ch 2 i ch 2 *ono ch 2 -oh 

[La = CO*C 13L H 23 ] 

Comparison of his product with an authentic specimen of a-mono- 
laurin led him to believe that they were different substances ; he 
consequently extended his researches to include the corresponding 
ee ap and <c ay ’’-dilaurins, which, again, he found to be different 
from each other. Finally ( loc . cit . ) he investigated the disintegration 
of trilaurin by sulphuric acid, and estimated the proportions of 
the various partly esterified laurins produced in that reaction. 

The whole of this work is shown in the following experimental 
portion to rest on a double fallacy, since the et (3 ’’-monolaurin 
obtainable by his method is undoubtedly identical with a-mono- 
laurin, when pure, and the supposedly isomeric “ a (3 and “ ay 

dilaurins are identical with each other also. 

The controversy which arose between Grun and Thieme (Ber., 
1912, 45, 3691 ; 1913, 46, 1653, 2198) is thus largely explained : 
both authors correctly recognised the same material as the one 
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they had synthesised, and each insisted on the structure which his 
own preparation appeared to support. 

To make the evidence of identity more definite, Thieme’s inter- 
mediate ay-di-iodohydrin p-monolaurate has now been synthesised 
in another way, and obtained for the first time as a solid. This 
was hydrolysed, like the crude material, to a-monolaurin, which was 
again identified by a mixed melting point. 

Another supposed p -monoglyceride is “ p 33 -monomyristin, iso- 
lated by Grim, Schreyer, and Weyrauch (Per., 1912, 46, 3420). 
Their preparation has therefore been repeated, and the product 
compared with an authentic specimen of a-monomynstin obtained 
by the method of Fischer, Bergmann, Barwind, and Bfahler (Ber., 
1920, 53, 1589, 1606, 1621). Both are identical. 

Further, the corresponding fe ap 33 - and “ ay 3 ’-dimyristins described 
by Grim and Theimer (Ber., 1907, 40, 1792) have now been prepared 
by the recommended processes, and the samples obtained are again 
identical with each other. 

A precisely similar case to the laurins and the myristins is that 
of the margarins, all five of which have recently been described by 
Thomson (Trans. Boy . Soc. Canada, 1926, 20, III, 445) : 


L 

II. 

in. 

xv. 

v. 


a-Monomargarmj m 7 g 0 ^ 1>44L 
P -MonomargarmJ v 
“a P ”-Dimargarm| m 70 _ 72 o nf hm 
ay-DimargarmJ 
«py-Trimargarin. 


By analogy with the cases just cited, and also from a consideration 
of the methods of preparation adopted for these glycerides, it is 
very probable (see Part V) that (I) and (n) should be identical, and 
(see Parts VII and VIII) that (IH) and (IV) should be identical 
with each other also. 

The eight recorded determinations of physical constants sum- 
marised in the above table appear to establish these identities, 
and make it clear that only two out of the four possible partly 
esterified margarins have really been isolated . (Mixed melting points 
would, however, still be desirable in confirmation of these identities.) 

Among other similar cases of supposed isomerism, believed to be 
due to esterification in the p-position, may be mentioned the 
“ ap and “ ay ”-dipalmitins and the “ ap and “ ay ’’-distearins. 

The “ ap 3? - and V ay 3 3 -structures are still separately assigned to 
these diglycerides in authoritative modem works of reference (e.g., 
Ubbelohde's “ Handbuch der Ole und Fette, 33 1929, vol. I, pp. 174 — 
176), and the reactions concerned in their preparations are still 
often relied upon as satisfactory evidence of constitution (see 
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Thomson, 1928, loc. cit.; Delaby and Dubois, Compt. rend., 1928, 
187 , 767, who now record the syntheses of C£ ap and “ ay ”-di- 
formates in these ways ; also the work of Grun and Limpacher 
described below; and the applications of these reactions to the 
preparations of “ symmetrical 55 and “ unsymmetrical 55 mixed 
triglycerides by Whitby, J., 1926, 1458, by Humnicki and Lunkie- 
wiez, Bull. Soc . chim., 1929, 45 , 422, and by Weizmann and Haskel- 
berg, Compt. rend., 1929, 189 , 104). 

Their syntheses have therefore been re-investigated, and the 
expected identities experimentally proved. 

Thus, in the typical case of the distearins, the “ ap ’’-isomeride is 
described as having been synthesised both from ap-dibromohydrin 
by Guth ( Z . Biol., 1903, 44 , 78) and by Renshaw (J. Amer. Chem. 
Soc. } 1914, 36 , 537), and also from the ap-distearate of monochloro- 
hydrin by Groin and Theimer ( Ber 1907, 40 , 1792) : 

CHoBr CH 2 -0-C0-C 17 H 35 CH 2 -0-C0-C 17 H 35 

cHBr ch-o-co-c 17 h 35 < Agy °; ch-o-co-g 17 h 35 

ch 2 -oh ch 2 *oh ch 2 ci . 

Repetition of these two processes has now produced specimens 
of the supposed “ ap ’’-distearin, melting, alone or mixed, at 
78 — 79°; but the ap-structure cannot be regarded as confirmed by 
this agreement (compare Part VII), since the same distearin, again 
causing no change in mixed melting point, has also been obtained 
from ay-dichlorohydrin by a repetition of the synthesis of “ ay 
distearin described by Guth (loc. cit.). 

Fischer (Ber., 1920, 53, 1621) employed the ap-distearate of mono- 
iodohydrin, instead of that of monochlorohydrin, in a reaction which 
is very similar to one of the three just mentioned, but he diagnosed 
the unexpected “ ay ’’-structure of his product indirectly from the 
.difference in physical properties of its acetate and of a-acetoxy- 
Py-distearin synthesised in another way : 

S a -OSt CH 2 *OSt CH 2 -0St CH 2 *OSt'j 

H-OSt — CH*OSt or (J)H*OH — > GH>OAc 
CH 2 I CH a -OH CHo-OSt CH a *OSt 

m, p, 64° Not identical, 
m. p. of mixture 

9H 2 -0^ >CM e 9H 2 -OAc CH 2 -OAc 5&-5S°. 

9H-0' X __ > 2 GH-OH — > CH-OSt 

CH 2 *OH CH 2 -OH CH 2 *OSt 

m. p. 59°. 

[St = •CO , C 17 H S5 ] 

The identity of the samples of the “ ap and “ ay ’’-distearins 
now obtained is thus fully in accord with Fischer’s interpretation 
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of his experiment, and with his prophecy that the ee a(3 ” mixed 
diglyeerides of Grim and Schreyer (Ber. : 1912, 45, 3420) will probably 
be found to have the ay-structure ; moreover, it explains Renshaw’s 
confidence (loc. cit.) that Hundeshagen (J. pr . Chem ., 1883, 28 , 219) 
must have isolated at least a small quantity of the “ a [3 ’’-isomeride 
from his direct esterification of glycerol with stearic acid ; it explains 
the similar claim of Rreis and Hafner (Ber. } 1903, 36, 1123); but 
it discredits, for example, the constitution of the glyceride phosphate 
recorded by Renshaw and Stephens (J. Amer. Chem . Soc., 1914, 
36 , 1770). 

No suggestion is now made that both possible isomerides may not 
be present to some extent in the crude products obtained from any, 
or indeed from all, of these reactions ; all that is claimed in this 
connexion is that various processes separately recommended for 
the preparations of the “ a [3 and ££ ay ’’-dilaurins, -dimyristins, 
-dipalmitins, and -distearins have produced specimens which, when 
purified, are identical with their supposed isomerides in every case. 

Two of the reactions now under consideration can also give rise 
to identical glycerol di-ethers (Part VIII, J., 1929, 1151 ; Gilchrist 
and Purves, J., 1925, 127, 2735). Since, in this case, no subsequent 
wandering of acyl groups can occur, these identical products must 
result directly from the syntheses themselves, and the explanation 
would consequently seem limited to the assumption than an a(3-oxide 
is formed (Part IX, loc. cit.) 3 


GHoCl 

9H-OH 

CH 2 €1 


ch 2 *oh 

9HBr 

CHgBr 


9 h 2>o 

9h-^ 

ch 2 ci 

9®2*0]VIe 

CH 2 -OMe 


^H-OH or 

CH-OMe 


CBvOMe 

CH a -OH 

CH 2 Br 




an assumption which is strengthened by the experimental proof that 
initial substitution of its a(3-oxide, epichlorohydrin, for the dichloro- 
hydrin does not affect the identity of the product obtained (Part 

Yin). 

The formation of these intermediate a(3-oxides can doubtless 
occur also during the similar preparations of the glycerol esters. In 
addition, however, interchanges of acid radicals, with one another 
and also with different radicals, take place so easily (see Part VII) 
that an explanation of these changes, not involving a large or difficult 
movement of heavy radicals such as the stearyl and palmityl groups, 
is much needed. . 
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If the tendency towards the formation of ortho-esters is taken 
into consideration (see Parts VII and IX), these changes can readily 
be represented merely by a rearrangement of valencies in which 
little or no actual migration or relative movement of the atoms 
themselves has to be presumed. 

c i5 H 3 1 'C<Q_Sg a ~Q>C-C 17 H 35 C 15 H 31 -C<^^>C-C 17 H 35 

ch 2 -oco-c 17 h 35 ch 2 -oco-c 17 h 35 

ay-Distearin-jS-palmitate. 0y-Distearin-a-palmitate. 

If conditions can exist in which the Hantzsch type of carboxyl 
group (Ber., 1917, 50, 1422 ; Part VII, loc. cit.) actually occurs, the 
above two formulae may even become identical, 

o 1s h s1 .o{0;:&-;0}o-c 1i h„ 

ch 2 -o-co-c 17 h 35 


and, in any case, a tendency towards the transitory formation of 
such ap-oxidic rings would seem very probable. 

It is specially noteworthy, moreover, that these <c migrations ” 
appear to take place most readily while other reactions are in progress : 
the “ migration ” of an acyl radical occurring simultaneously with 
the elimination of a halogen atom from a glycerol molecule, even 
if the latter does not contain a hydroxyl group, is frequently 
experienced (Part VII), but could not previously be explained. 
Such reactions, however, for example, the formation of identical 
cli-_p-nitrobenzoates from ap- and ay-dibromohydrin palmitates 
(Part VII), 


c 15 h 31 -c< 


o-ch 2 

O QHBr or 
!H 2 Br 


C 1B H 31 -C<^^ Br 

CH»Br 


C 15 H 31 -C{£ " |£ 2 ” |BrAg| 0 , C0*C 6 H 4 , N0 2 
CH 2 Br x 


or0 15 H 31 .C<0 9H 2 '0-CO.C 6 H 4 .NO a 

OCH-O-COWO, Xo-CO-Oft-NO, 


0,^-CK^o^ 

CH2*0-C0-C 6 H 4 *]Sr0 2 
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and of identical diphthalimido-compounds from the ot- and (3-acetates 
of halogenohydrins (Part VII), 


CH $ *C< 


•o-ch 2 

0 OHBr 
CH 2 Br 


or 


CH 3 -c<£ ?! 201 

0H 2 C1 


cH,-c{®::®:::s?ii- N <oo> 0 « H * 

CH 2 Hal. 


OT ov<S B< oa >0iHi 

CH 2 N<gg>C 6 H 4 CH 2 -N<^Q>O r ,H 4 


can easily be represented in this way. 

The formation of ay-diglycerides, by the esterification and sub-' 
sequent elimination of the halogen atoms of a-monochlorohydrin 
and a-monoiodohydrin, discussed earlier in this paper, can similarly 
b$ explained, 

ch 2 -ocor ch 2 -ocor 

pH 2 -0-C0R 

CH-OH 

CH 2 -OCOR 


but in such cases, where a free hydroxyl group is present or is produced, 
a somewhat similar explanation has already boon put forward 
tentatively by Fischer (Ber., 1920, 53, 1621), the hydroxyl group bei ng 
supposed by him to play an essential part in the mechanism of the 
change. 


^h-o >C(OH)R 

ch 2 -o*cor 


CH a ’(>COB 

9H-OH 

CH 2 -0-C0R 


It is now clear, however, that these migrations occur whether a 
hydroxyl group is present or absent, and that a wider explanation 
is therefore required. 

The only attempt to apply broadly the tendency towards the 
formation of ortho-esters to explain migratory changes in glycerides 
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appears to be that of Grim {Her., 1921, 54, 290), whose explanation* 

0 \ 

however, involves the vague formula I ( q O for the 

HO-C,H 5 — O-C-R 

diglycerides themselves, instead of the simple mechanism now 
suggested. 

In addition to complications arising (i) from the formation of 
intermediate glycidic rings, such as that in epichlorohydrin, men- 
tioned earlier in this paper, and (ii) from the migratory effects just 
considered, there is also, in most syntheses, (iii) the possibility, due 
to the presence of metallic compounds, that hydrolyses and re-esteri- 
fications will take place rapidly (Fischer, Pfahler, and Brauns, Ber. f 
1920, 53, 1634; Part III, J., 1925, 127, 2759). It is therefore 
thought that the a (3 -formula should be accepted as representing the 
structure of any particular diglyccride only when optical rotation 
can be demonstrated, or when some other physical difference from 
the ay-isomeride, such as the depression of the latter’s melting point* 
can be proved (compare Part VII). 

Even in the event of an optical rotation being detected, caution 
should still be observed : Grim and Limpacher, for example (Ber., 
1926, 59 , 1350), synthesised a lecithin from a supposed “ ap ’’-di- 
stearin, m. p. 69°, the sulphuric ester of which had shown some 
evidence of containing an asymmetric material. The lecithin they 
obtained was afterwards found to be indistinguishable from that 
prepared from ay~distearin (liter., 1927, 60 , 147). They further 
synthesised the corresponding kephalins (ibid., p. 151), and were 
again unable to distinguish between their products. 

A preparation of a sample of “ ap ’ ’-distearin, with this melting 
point, and similarly made from its sulphuric ester, is described in 
detail by these authors in a later paper (ibid,, p. 264), but there is 
nothing in this description to prove that their product was a satis- 
factory specimen of the true ap-isomeride as they supposed ; it may 
have consisted, even substantially, of ordinary or ay-distearin, 
particularly as they mention that, during its final treatment, 
crystals were deposited which had the usual melting point of that 
compound. 

The conclusions reached in Part V (toe. ciL), that every supposed 
isolation of a fi-monoglyceride then recorded was probably illusory, 
and in Parts VII and IX (locc. ciL ), that “ «p- and ay-isomerism ” in 
diglycerides is frequently accepted on insufficient evidence , are both 
thus fully confirmed, so far as the rc-examination of “ p ’’-esters has 
yet been carried. 

These conclusions, and the experimental evidence previously put 
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forward in their support, have recently been quoted in several 
connexions by Hibbert, Whelen, and Carter (J. Amer. Chem. Soc., 
1929, 51, 304, 1602, 1606, 1944, 1945), who stress their importance 
in reaching an accurate view of the structures of glycerol compounds. 
It thus becomes increasingly clear that the relative values assigned 
to the various methods described in the literature for synthesising 
partly substituted glycerols require to be modified considerably, 
and a selection has consequently been made below, in accordance 
with the evidence obtained now and in the previous papers of this 
series, of what appear to be trustworthy processes for preparing 
a-, p-, a(3-, ay-, and apy-ethers and esters of definite structure : — 

(i) u- Mono-ethers, the structures of which were established by 
Irvine, Macdonald, and Soutar (J., 1915, 107, 337), are readily 
produced either by reacting upon monochlorohydrin with alkali and 
the requisite alcohol (Reboul, Annalen Suppl 1862, 1, 238), or by 
the converse process (Parts I and III,* J., 1921, 119, 1035; 1925, 
127, 2759 ; Cross and Jacobs, J. Soc . Chem. Ind 1926, 45, 320t) of 
reacting upon sodium glyceroxide with the requisite halide. 

The accidental production of higher ethers (Part III, toe. cit.) and 
of p-ethers (Part IX, loc. cit.) as by-products, however, is a com- 
plication arising from the use of sodium glyceroxide. 

(ii) P- Mono-ethers may be prepared, as exemplified in the case of 
the p -methyl ether, by introducing an ethereal group either into 
ay-dichlorohydrin, or into certain other subsequently decomposable 
ay-compounds (Part IX, loc . cit. ; Hibbert, Hill, Whelen, and Carter, 
J. Amer. Chem. Soc., 1928, 50, 2235; 1929, 51, 302, 1943), 

(iii) a- Monoglycerides may conveniently be prepared from 
^opropylideneglycerol (Fischer, Bergmann, Barwind, and Pfahler, 
Ber., 1920, 53, 1589, 1606, 1621), a synthesis which strongly indi- 
cates the a-structure ; confirmation being afforded by the rotatory 
evidence of Abderhalden and Eichwald (Ber., 1915, 48, 1847) and 
perhaps by the direct formation of these esters from ally! esters 
(Part IV, J., 1926, 3146; Hibbert and Carter, J. Amer . Chem. Soc., 
1929, 51, 1606). 

They also result from the simple esterification of glycerol, or by 
the action of metallic salts on monochlorohydrin, but, in all such 
cases, are liable to be difficultly separable from higher glycerides 
occurring as by-products. 

(iv) $- Monoglycerides were formerly believed to be obtainable by 
method (ii) above, but (see Part V, loc . cit.) the true p-isotnerides 
have been produced by this method only when applied in a specially 

* These two papers, and also Parts II and VI (X, 1021, 119, 2070; 1020, 
3240), were published under sectional titles only, and consequently were not 
numbered. 
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modified form, glycerol ditrityl ether being used as the initial 
ay-material (Helferich and Sieber, loc. cit.). 

(v) a fi-Diethers of true structure have never been recorded (Part 
VIII, loc . cit.) ; successful methods for their preparation have been 
mentioned (Part IX, loc. cit .), and a further communication on this 
subject will be made later. 

(vi) a yJHethers. All syntheses yet recorded for glycerol, diethers, 
whether “ ap 91 or “ a y/’ produce specimens which are identical 
after purification (Part VIII, loc. cit.) and can be proved to have 
the ay-structure by arguments not yet put forward. 

(vii) a$-Diglycerides. Of the various syntheses .in the literature, 
only two would appear to be satisfactory : (a) indirect preparations 
from propylamines by Abderhalden and Eichwald and by Bergmami 
and co-workers (see Part VII, loc . cit.) ; ( b ) the method of Helferich 
and Sieber (loc. cit.) which employs glycerol a-monotrityi ether. 

(viii) a y-Diglycerides. With the exception of the methods of 
synthesis mentioned in (vii) above, all known preparations of di- 
glycerides, whether by direct esterification or from chlorohydrins, 
etc., appear to produce the ay-isomerides preferentially, although 
many statements occur in the literature to the contrary. Probably 
a chemically pure ay-diglyceride is most conveniently prepared by 
Fischer's method (Ber. f 1920, 53, 1021) from the Py-di -ester of 
oc-iodohydrin. 

(ix) af ly*Tri*dhe,rti and -ester#, containing different radicals, but 
of known constitution, are obtainable by mild methods (Fischer, 
loc. cit) from the various types of partly substituted glycerols 
summarised above. 

No investigation has yet been made to determine whether the 
alternative method of Whitby (J., 1920, 1458) for synthesising 
“ symmetrical ” glycerides, also used by Thomson (loc. cit.), is 
affected by migratory changes such as have now been proved to 
occur in the very similar reactions considered in this paper and 
in Part VI I (loc. cit.) ; for the same reasons the structures of the 
" symmetrical ’* and u unsym metrical ” triglycerides of Humnicki 
ami Lunkiowicz (Bull. Hoc. chim 1929, 45, 422) and of Weiasmatm 
atui Haskolberg (Compt. rend 1929, 189 , 104) must also be regarded 
as unproven. 

E X V 36 AIMSKIA h. 

ay- Di - iodohydrin fi-Lanrate, C 11 H 2 3 4 C0*0*0H (0H 2 l)o. — (a) A crude 
material, believed to contain this substance, and obtained as an 
intermediate in the synthesis of “ p ”-monolaurm, has been described 
by Thieme (loc. cit.) ; this complicated preparation has now been 
repeated, and the expected liquid obtained, but on hydrolysis, as 
stated below, it yielded oc-monolaurin instead of the p-isomeride. 
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(b) The pure compound has now been obtained as a colourless 
solid, m. p. 34° after recrystallisation from alcohol, by the direct 
esterification of ay-di-iodohydrin by the method described in Part V 
(loc. cit.) for the corresponding ester of ay- dichlor ohy drin and for 
the jp-nitrobenzoate of the latter (Found : C, 36*3; H, 5*6; I, 51*3. 
CisHggO^ requires C, 36-4; H, 5*7; I, 51*4%). 

a- and “ p Monolaurin, , C u H 23 -C0-0-CH 2 *CH(0H)-CH 2 -0H.— 
(a) The supposed <e p ’’-monolaurin of Thieme was obtained from 
the crude ay-di-iodohydrin p-laurate as described by him. It un- 
questionably had the a- and not the [3- structure, however, since it 
melted at 61 — 62°, alone or mixed with an authentic specimen of 
a-monolaurin prepared by Fischer’s method (Ber., 1920, 53, 1600). 

(b) The pure ay-di-iodohydrin p-laurate described above was also 
hydrolysed in an identical manner to a-monolaurin, m. p., alone or 
mixed, 61 — 62°. 

cc- Monolaurin $y-Diphenylur ethane, 

C u H^-C0-0-CH 2 -CH(0*C0*KHPh)*CH 2 -0*C0*NHPh. 

— (a) a-Monolaurin was warmed with excess of phenylcarbimide 
and kept for several days. The diphenylur ethane, recrystallised 
from ligroin, melted at 90° (Found: G, 68*0; H, 7*9; N, 5*7. 
C^H 40 O 6 ]Sr 2 requires C, 67*9; H, 7*8; N, 5*5%). 

(b) A sample prepared in an identical manner from the £C p 
monolaurin of Grim and Skopnik {Ber., 1909, 42, 3750 ; see Part V, 
loc. cit.) melted, alone or mixed with (a), at 90°. The two samples 
therefore behave in the same way with phenylcarbimide, thus 
disposing of one of the arguments of Grim in support of the 
supposed “ p ” structure of his preparation. 

" ap and <c ay "-Dilaurins, (CnH^-CO-OjgCgHg-OH.— (a) A 
specimen of “ ap ’’-dilaurin, prepared from a-monochlorohydrin by 
Thieme’s method (loc. cit.), melted at 56°. 

(b) A specimen of “ ay ’’-dilaurin, prepared from ay-dichlorohydrin 
by Griin’s method (Ber., 1912, 45, 3691), melted, alone or mixed 
with (a), at 56—57°, their identity thus being proved. 

a- and “ $”-Monomyristin, C 13 H 27 -C0*0-C 3 H 5 (0H) 2 .— (a) The 
supposed ff p ’’-monomyristin of Grim, Schreyer, and Weyrauch 
(Ber., 1912, 45, 3420) was prepared as described by them ; it melted 
at 68°. 

(b) An authentic specimen of <x-monomyristin was prepared from 
myristyl chloride and asopropylideneglycerol by means of the 
general method for preparing a-mono-esters described by Fischer, 
Bergmann, Barwind, and Pfahler (Ber., 1920, 53, 1589, 1606, 1621). 
10 G. of myristyl chloride were cautiously added with shaking to a 
mbdure of 5*2 g. of isopropylideneglycerol and 5*8 g. of quinoline; 
after 2 days, the whole was treated with ether and the extract was 
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washed with N/2 -sulphuric acid, potassium bicarbonate solution, 
then with water, and dried with anhydrous sodium sulphate. The 
product was shaken with hydrochloric acid ( d 1 -19) ; after crystallising 
several times from ether, it melted at 68°, alone or mixed with (a) 
(Found: C, 67-8; H, 111. 0 17 H^0 4 requires C, 67-6 ; H, 11-2%). 
The supposed “ p ’’-monomyristin is therefore a-monomyristin. 

“ ap and “ ay Dimyristin , (C 13 H 27 -C0-0) 2 C3H 5 *0H.— (a) The 
supposed “ ap -dimyristin prepared by the method of Grun and 
Theimer (Ber., 1907, 40, 1792) melted at 64 — 65°. 

(b) A specimen of “ ay 5 ’-dimyristin, prepared as described by the 
same authors (loc. cit .), also melted at 64— 65°, alone or mixed with 
(a). Their two processes therefore gave rise to the same compound. 

“ ap and “ ay DipalmiUn , (C 15 H 31 -C0-0) 2 C 3 H 5 -0H. — 

(a) “ ap ’’-Dipalmitin prepared from ap-dibromohydrin by the 
method of Guth (Z. Biol., 1903, 44, 78) melted at 69°. 

(b) “ ay ’’-Dipalmitin prepared from ay-dichlorohydrin by a 
method also recommended by him (loc. cit.) melted at 69°, alone or 
mixed with (a). When pure, therefore, these specimens of Guth’s 
“ ap and “ ay ’’-dipalmitins are identical. 

oLy-Diclilorohydrin p Stearate, C 17 H 35 *C0*0-CH(CH 2 C1) 2 . — In an 
attempt to apply Griin’s method for the synthesis of ce p ’’-mono- 
glycerides to the preparation of “ p ”- monostearin, in a similar 
manner to that used in the previous investigations of the supposed 
“ p ’’-monolaurin, e< p ’’-monomyristin, and £C p ’’-monopalmitin, 
ay-dichlorohydrin was esterified by stearyl chloride in quinoline ; 
the resulting ay-dichlorohydrin p-stearate, after crystallising from 
alcohol, melted at 39° (Found : C, 63*6;. H, 10*0; Cl, 17-8. Calc, 
for C 2 iH 40 O 2 C1 2 : C, 63-8 ; H, 10-1 ; Cl, 18-0%). 

Whitby (J., 1926, 1458) obtained a compound of this melting 
point by treating epichlorohydrin with stearyl chloride, a result that 
must be regarded as an example of an acyl group spontaneously 
entering the p-position in the glycerol molecule. Humnicki also 
(Bull. Soc . chim ., 1929, 45, 279) prepared probably the same com- 
pound by direct esterification of dichlorohydrin with free stearic acid. 

Attempts to hydrolyse this product to the a- or “ p ”-mono- 
glyceride, either by the method described in Part V (loc. cit.), or 
after preliminary treatment with potassium iodide such as was 
used in Thieme’s process mentioned above, have been unsuccessful. 
It was recorded in Part V that, although the corresponding laurate 
and palmitate of ay-dichlorohydrin were successfully hydrolysed, 
the y-nitrobenzoate, the 3 : 5-dinitrobenzoate, and also the corre- 
sponding ^-nitrobenzoate of ay-dibromohydrin could not be 
hydrolysed in that way. Grun was of opinion (Ber., 1910, 43, 
1288) that it is the esters of simple acids, such as acetic, and benzoic 
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acids, which, give only poor yields but it would appear that 
other radicals can produce the same effect. The stability of 
the halogen atoms is perhaps significant in connexion with the 
formation of a(3-oxidic rings (Part VII, loc. cit.) which account for 
some of the migratory changes that frequently occur. In this 
connexion there may also be mentioned the very stable (3-methyl 
and (3-trityl ethers of dichlorohydrin (Parts IX and VII), the distear- 
ate of monochlorohydrin (Grim and Theimer, Ber 1907, 40 , 1792), 
and the chloride of isopropylideneglycerol (Fischer and Pf abler, Ber., 
1920,53,1606). 

This ester also resisted an attempt to displace its chlorine atoms 
by means of potassium phthalimide in the manner described in 
Part VII. 

“ a(3- ” and “ ay Distearins, (C 17 H3 5 *C0*0)2C 3 H 5 *0H. — (a) ee a(3 
Distearin has been prepared from a(3-dibromohydrin by the method 
of Guth {loc. cit.) and Penshaw ( J . Amer. Chem. Soc., 1914, 36, 537), 
and obtained with the m. p. 78 — 79°. 

(b) Another specimen of ee a[3 ’’-distearin has been prepared from 
a-chlorohydrin (3y-distearate by repeating the synthesis of Grim 
and Theimer (loc. cit.) ; it melted at 78 — 79°, alone or mixed with (a). 

(c) “ ay ’’-Distearin was prepared from ay-dichlorohydrin by the 
method of Guth (loc. cit . ; compare Bomer and Limpricht, Z. Unters. 
Nahr. Gemissmittel, 1913, 25 , 354). This again melted at 78 — 79°, 
alone or mixed with either (a) or (b). 

Throughout the work described in this paper, many recrystallis- 
ations from alternating solvents were frequently necessary in pre- 
paring specimens of supposed isomerides for mixed melting point 
determinations. 

The author desires to express his indebtedness to the Chemical 
Society for a grant which has partly met the expenses incurred in 
this work. 

King’s College, London. [ Received , November 1 st , 1929.] 


LII . — Strychnine and Brucine. Part IX. Prepar- 
ation of Some Isomerides of Dinitrostrychol and 
Trinitrosiryckol. 

By Julius Nicholson Ashley, (the late) William Henby Pebkin, 
jun., and Robert Robinson'. 

In 1898, Tafel {Annalen, 301 , 336) showed that, when strychnine 
was heated first with dilute and then with concentrated nitric acid, 
the base was nitrated and subsequently degraded, with the formation 
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of oxalic and picric acids, together with a compound, C 10 H 5 O 8 N 3 , 
considered to be C 9 NH 2 (0H) 2 (N0 2 ) 2 <)0 2 H and termed dinitro- 
strycholcarboxylic acid. 

The carboxyl group could be eliminated, or displaced by nitroxyl,. 
dinitrostrychol, C 9 NH 3 (0H) 2 (N0 2 ) 2 , and trinitrostrychol,. 
C 9 NH 2 (0H) 2 (N0 2 ) 3 , respectively being produced. 

From the properties of these substances and of dinitrostrychol 
monomethyl ether, Tafel concluded that the hypothetical strychol 
is either a dihydroxyquinoline or a dihydroxyisoquinoline ; he* 
further considered that one of the hydroxyl groups is in proximity 
to a nitro-group and is responsible for the formation of the yellow 
neutral alkali -metal salts of dinitrostrychol and that the other 
hydroxyl exhibits a carbostyril-like character and functions in the 
formation of the red alkaline-reacting salts. Finally, Tafel stated 
(Zoc. cit., p. 300) that attempts to transform dinitrostrychol deriv- 
atives to known substances had been unsuccessful, and that synthe- 
tical experiments also had been fruitless ; the details of the latter 
have not been published. 

The w T ork recorded in the present communication was completed 
in 1926, before there was any suggestion (Fawcett, Perkin, and 
Robinson, Part VII, J., 1928, 3082) that dinitrostrychol might be 
an isoquinoline derivative,* and, at that time, we followed Tafel in 
regarding strychnine as a derivative of quinoline. It appeared 
highly improbable that the benzene ring of dinitrostrycholcarboxylic 
acid is not the original benzene ring of strychnine; brucine gives 
quite different products and nitric acid would not be expected to 
dehydrogenate the reduced rings of the alkaloid. The same argu- 
ment applies to the picric acid which is formed alongside the dinitro- 
strycholcarboxylic acid. But the first action of nitric acid on 
strychnine is to nitrate it to dinitrostrychnine hydrate, which must 
then break down into picric acid and the strychol derivative. It 
follows from these considerations that the nitro-groups in dinitro- 
strychnine hydrate and dinitrostrycholcarboxylic acid are in the 
m-relation to each other. 

On the assumption that dinitrostrychol is a dinitrodihydroxy- 
quinoline, we can proceed a step further and restrict attention to the 
6 : 8-dinitrodihydroxyquinolines, since the quinoline nitrogen atom 
would certainly be replaced by hydroxyl in the course of the reactions 
leading to the formation of picric acid from dinitrostrychnine 
hydrate. The same orientation follows from a consideration of 
analogies in connexion with the original nitration of strychnine ; the 

* We have now a definite proof that the substance is a quinoline derivative. 
A communication on this subject will shortly be submitted to the Society.: — 
R. R. ■ 
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nitro-groups would, doubtless, enter the op-positions with respect 
to the nitrogen atom attached to the nucleus. 

The positions 6 and 8 are therefore not possible situations for the 
hydroxyl groups of dinitrostrychol, and strychol might be 2 : 3-, 
2 : 4-, 2 : 5-, 2 : 7-, 3 : 4-, 3 : 5-, 3 : 7-, 4 : 5-, 4 : 7-, or 5 : 7-dihydroxy- 
quinoline. 

Very little was known of the nitro-derivatives of such dihydroxy- 
quinolines, and in order to study their properties we have synthesised 
some typical members of this group, selecting those representatives 
which had ,the best claim to be considered in connexion with the 
strychol problem. : * 

The outcome has been to exclude the 2:4-, 2 : 5-, and 2:7- 
formulse with certainty, and the 4 : 7 -formula on somewhat less 
definite grounds. Of the remaining possibilities, all but the 2 : 3-, 
3:4-, and 4 : 5-formul8e are highly improbable. 

The first stage in the nitration of 2 : 4-dihydroxyquinoline was 
studied by Gabriel {Ber. } 1918, 51, 1500), who obtained 3-nitro- 
2 : 4-dihydroxyquinoline (I), and this substance has been found to 
yield 3 : 6(or 8)-dinitro-2 : 4- dihydroxyquinoline (II, 3 : 6) on further 
nitration in sulphuric acid solution. The introduction of a third 
nitro-group presented great difficulties, which were only surmounted 
after many unsuccessful experiments. The acetyl derivative of (II) 
was treated under special conditions with a mixture of 10% oleum 
and potassium nitrate, and the product was 3:6: 84rinitro-2 : 4-di- 
hydroxyquinoline (III), an isomeride of trinitrostrychol. 


OH OH OH 



The constitution of the substance is proved by its conversion into 
picric acid by means of boiling nitric acid, and this reaction con- 
stitutes one of the distinctions from trinitrostrychol, which cannot 
be similarly degraded. Attempts to effect the ring closure of ethyl 
3 : 5 -dinitro -2 -acetamidobenzoate , which would have afforded 
6 : 8-dinitro-2 : 4-dihydroxyquinoline, were not successful. 

6 : 8-Biniiro- 2 : 5- dihydroxyquinoline (IV) and 6 : 8-dm^ro-2 : 7 -di- 
hydroxyquinoline (V) were obtained from the corresponding amino - 
carbostyrils by diazotisation, decomposition, and nitration without 
isolation of intermediate stages. 

Neither of these substances was identical with dinitrostrychol; 
they did not yield trinitro-compounds hut suffered degradation on 
boilinsr With nitric acid and fravA rise to fitvnhnin am'd_ 
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Compound (IV) was much more stable than (V), and the yield 
of the trinitroresorcinol was poor ; the reaction is of interest in that 
it confirms the view that the quinoline nitrogen atom is replaced by 
hydroxyl in all such nitration-oxidation processes. 



A synthesis of 4-7w/ dr oxy -7 -methoxy quinoline-2 -carboxylic acid (VI) 
has been effected, and the results obtained on nitrating this sub- 
stance were not in agreement with the view that strychol is 
4 : 7-dihydroxyquinoline. 

Further, in some preliminary experiments on the synthesis of 
4 : 5-dihydroxyquinoline derivatives, the Tiemann-Reimer reaction 
was applied to ra-nitrophenol, and 6-nitrosalicylaldehyde (VII) 
obtained in 3% yield. The orientation of this substance follows 
from the facts that it is not a p-hydroxybenzaldehyde, being volatile 
in steam, and that its methyl ether yields an indigotin derivative 
on treatment with acetone and sodium hydroxide. 


Experimental. 

Dinitrostrycholcarboxylic Acid and Dinitrostrychol. — The method 
of Tafel (Zoc, cit.) was modified in that the mixture of strychnine and 
20% nitric acid was heated on the steam-bath for 120 hours ; losses 
by evaporation were compensated by the addition of 20% nitric 
acid. Strychnine nitrate (115 g.), nitric acid (900 g., d 1*42), and 
water (3600 c.c.) gave ultimately 10*3 g. of pure dinitrostrychol- 
carboxylic acid. 

A large number of analyses of dinitrostrycholcarboxylic acid, of 
dinitrostrychol and its methyl ether have been carried out, and 
Tafel’s view of the composition of these substances is unquestionably 
correct. 

Dinitrostrychol crystallises best from acetic acid, in very pale 
yellow needles, m. p. 282° (Tafel, loc. cit crystallised the substance 
from alcohol or nitric acid, and gives the m. p. 284°). 

When dinitrostrychol is reduced in alcoholic solution with zinc 
dust and hydrochloric acid, the resulting colourless solution exhibits 
a strong bluish-violet fluorescence ; it becomes discoloured rapidly, 
and, on dilution with water and the addition of ferric chloride, 
develops a deep red coloration, changing to reddish-brown. 

Attempts to reduce only one nitro-group of dinitrostrychol were 
unsuccessful. 

p 
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Complete degradation, without formation of picric or styphnic 
acid, resulted when dinitrostrychol (0*5 g.) was heated in a sealed 
tube at 200° with nitric acid (4 c.c., d 1*5) for 4J hours. With the 
same quantities, heated at 120 — 125° for 2 hours, the product was 
pure trinitrostrychol. 

Dinitrostrychol monomethyl ether (Tafel, loc. cit., p. 345) was 
obtained by heating the dry monopotassium salt of dinitrostrychol 
(2 g.) with methyl iodide (5 c.c.) in a sealed tube at 155° for 2J hours, 
or by refluxing a mixture of the monopotassium salt (4 g.), purified 
methyl sulphate (5 c.c.), and xylene (150 c.c.) for 1| hours (yield, 
70— 75%; m. p. 194— 195°). 

The conditions for the hydrolysis of the methyl ether by aqueous 
sodium hydroxide have been studied, and the following experiments 
are typical. (1) The finely powdered methyl ether (0-2 g.) was 
triturated with cold aqueous sodium hydroxide (10 c.c. of 1%); 
very little material passed into solution. On heating at 40° for 2 
minutes, an orange-red solution was obtained, and this was filtered 
and acidified, yielding dini trostrychol free from its methyl ether. 
(2) The finely powdered methyl ether (0-2 g.), when triturated with 
cold aqueous sodium hydroxide (10 c.c. of 8%), was converted into a 
deep red, insoluble sodium salt. This was collected and treated 
with dilute sulphuric acid, yielding the original methyl ether, m. p. 
192°. It is evident that the monomethyl ether possesses very weak 
acidie character, and is hydrolysed by aqueous alkalis with special 
facility. 

Tafel (loc. cit.) made the very interesting observation that dinitro- 
strychol behaves as a dibasic acid towards baryta, since, although 
the potassium salt, stable in the presence of water, has the com- 
position C 9 H 4 0 6 N s K, the barium salt under similar conditions 
appears to be C^HgOgNgBa. This suggested to us that the hydroxyl 
groups are probably in the ortho- or peri-positions with respect to 
each other, and we attempted to confirm this view by the preparation 
of an ethylene ether or an oxalyl derivative of d in itrostrychol. The 
disodium salt (5 g.) was refluxed for 50 hours with ethylene dibromide 
(4 c.c,) and absolute alcohol (100 c.c.). Apart from unchanged 
dinitrostrychol , a relatively very small amount of a sparingly 
soluble substance, crystallising from alcohol in pale brown needles, 
m. p. 186—187° (Found : MT, 15*0, 14*8%), was isolated. This 
substance exhibited the behaviour of dinitrostrychol monomethyl 
ether towards 1% sodium hydroxide solution and was probably the 
corresponding monoethvl ether (hT, 15*1%). 

The dipotassium salt of dinitrostrychol (2*9 g.) was mixed with 
oxalyl elfieadde (2 c.c.) (Staudinger, Ber., 1908, 41, 3563) and pure 
toluene (10 c.c.) ; the initial reaction was controlled by cooling in 
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water and, after 12 hours, the mixture was heated on the steam-bath 
for 2 hours. The filtered liquid was evaporated under diminished 
pressure ; the pale yellow residue, after being lixiviated with water, 
crystallised from toluene in very pale yellow, irregular prisms, 
m. p. 161° (Found : N, 19*5, 19*5%). Unfortunately, the yield was 
poor, so that a full examination was not possible, but it is clear that 
the action of the oxalyl chloride must have removed either carbon 
or oxygen or both from the dinitrostrychol molecule (dinitro- 
strychol, C 9 H 5 0 6 N 3 , requires N, 16*8%). 

The substance was insoluble in cold aqueous sodium carbonate, 
but, on boiling, it dissolved to an orange solution; it was immedi- 
ately soluble in cold dilute aqueous sodium hydroxide to an orange- 
red solution. On boiling with nitric acid (d 1*42, boiled), oxidation 
occurred and the evaporated liquid gave, with a little water, long, 
pale yellow rods, m. p. 278—279° (decomp.) (Found : N, 15*3%, a 
provisional figure in the absence of a duplicate). This substance 
was readily soluble in cold dilute sodium carbonate to a deep orange 
solution. 

It is very difficult to explain these remarkable results, and the 
subject merits further investigation. 

Trinitrostrychol was found to be more readily obtainable by the 
nitration of dinitrostrychol than from dinitrostrycholcarboxylic 
acid (Tafel). It sufficed to heat a mixture of dinitrostrychol (0*5 g.) 
and nitric acid (5 c.c., d 1-5) on the steam-bath for 1 hour. On the 
addition of water (15 c.c.), the trinitrostrychol separated in pale 
yellow, microscopic needles, m. p. 218°. No trace of picric or 
styphnic acid was produced. The pale yellow solution in dilute 
aqueous sodium hydroxide rapidly darkened on heating and became 
deep brown. This characteristic behaviour is exhibited by traces 
of trinitrostrychol, and advantage has been taken of this fact in 
showing that certain synthetic products do not contain the substance. 

2 : 4:-Dihydroxyquinoline and Derivatives . — According to Camps 
{Arch. Pharm 1899, 237, 688), the action of sodium on methyl 
acetylanthranilate (Mehner, J. pr, Chem ., 1901, 64, 83) gives a 60% 
yield of crude 2 : 4-dihydroxyquinoline, but we find that the yield 
of pure substance barely exceeds 40%. Other methods, however, 
including those of Erdmann {Bar., 1899, 32, 3570) and of B.R.-P. 
11767, were still less satisfactory. Camps’s method was slightly 
modified. Dry powdered methyl acetylanthranilate (50 g.) was 
added to granulated sodium (6 g.) suspended in toluene (200 c.c.). 
Reaction occurred and the yellow liquid boiled spontaneously. 
The mixture was finally refluxed (oil-bath) until it became viscous* 
After cooling, the solid was collected, freed. as far as possible from 
toluene, and dissolved in water (800 c.c.) at 70 — 80°. The solution 
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was just acidified, to litmus, and the precipitated dihydroxy quinoline 
•collected (Found : N, 8*7. Calc. : N, 8-7%). 

Further addition of acid to the filtrate precipitated acetylanthr- 
anilic acid in a crystalline condition. 

4(or 2)-Hydroxy-2{oi 4 ) -acetoxyquinoline was obtained when 
2 : 4-dihydroxyquinoline (1 g.) was heated with acetic anhydride 
{20 c.c.) and three drops of pyridine on the steam-bath for f hour. 
The derivative crystallised from alcohol in needles, m. p. 214 — 215° 
(Found: C, 65*1; H, 4*5; N, 6-6. C n H 9 0 3 N requires C, 65-0; 
H, 4-5 ; N, 6*9%), readily soluble in acetic acid and acetone, 
moderately readily soluble in methyl alcohol, chloroform, ethyl 
acetate, and benzene, sparingly soluble in ether and light petroleum, 

4(or 2) -Hydroxy -2 {qt 4:) -'p-nitrobenzyloxy quinoline possesses similar 
solubility properties and was prepared by refluxing a mixture of 
2 : 4-dihydroxyquinoline (4 g.), alcohol (250 c.c.), p-nitrobenzyl 
bromide (6 g.), and potassium hydroxide (2 g.) for 2 -hours. Yellow 
crystals separated from the filtered solution, and this substance 
crystallised from alcohol in pale yellow plates, m. p. 247° (decomp.) 
(Found: C, 64-8; H, 4*3; N, 9*7. C 16 H 12 0 4 N 2 requires C, 64*9; 
H,4-l; N, 9*5%). 

3-Nitro-2 : 4-dihydroxyquinoline (I) was prepared by Gabrieli 
method ( Ber 1918, 51, 1500) in 85% yield, and also by nitration 
in sulphuric acid solution in somewhat inferior yield. A clear 
proof of the constitution of this derivative does not appear to have 
been recorded, but we have now observed that a small amount of 
aniline is formed on distillation with soda-lime. 

The monoacetyl derivative was obtained under the conditions 
•described above for the acetylation of 2 : 4-dihydroxyquinoline. 
It formed yellow needles, m. p. 194° (decomp.), from alcohol (Found : 
C, 53*6; H, 3*6; N, 1M. C n H 8 0 5 N 2 requires C, 53*2; H, 3*3; 
N, 11-3%). 

Attempts to obtain a methyl ether of 2 : 4-dihydroxyquinoline 
were unsuccessful, but the action of diazomethane was not tried. 

3 : 6-Dinitro-2 : 4-dihydroxyquinoline (II). — Powdered potassium 
nitrate (16 g.) was added during 1 hour to a solution of 2 : 4-di- 
hydroxyquinoline (10 g.) in sulphuric acid (100 c.c.) with stirring 
and cooling to below 5°. Nitric acid (20 c.c.) was then introduced 
in four portions, and the stirring continued at room temperature 
for 2\ hours. The brown liquid was added to crushed ice, and the 
yellow solid isolated and dissolved in hot aqueous sodium carbonate. 
On cooling, the sodium salt separated in glistening, slender, yellow 
needier (Found : Na, 8*2. CgB^OgNgNa requires Na, 8*4%). The 
regenerated nitrophenol was almost colourless and crystallised from 
acetic acid in long needles, m. p. 200° (decomp.) (yield, 60%) 
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(Found : 0, 43-5 ; H, 2-2 ; N, 16-8. C 9 H 5 0 6 N 3 requires C, 43-1 ; 
H,2-0; N, 16*7%). 

3 : 6-Dinitro-2 : 4t-dihydroxyquinoline is moderately readily soluble 
in the simple alcohols, acetone and hot water, but is very sparingly 
soluble in ether, light petroleum, benzene, ethyl acetate, and chloro- 
form. It does not dissolve readily in cold aqueous sodium carbonate, 
but with sodium hydroxide an orange-red disodium salt is produced. 
The stability of this- substance towards alkali is remarkable ; 1 gram 
was heated with 15 c.c. of 10% sodium hydroxide solution in a 
sealed tube at 145° for 10 hours without suffering any decomposition. 

A completely reduced acid solution became deep blue, quickly 
changing to reddish-brown, on the addition of ferric chloride. 

The monoacetyl derivative was obtained by heating a mixture of 
the dinitrodihydroxyquinoline (1 g.) and acetic anhydride (20 c.c.), 
with stirring, just to the boiling point. The yellow solution deposited 
almost colourless plates, m. p. 190° (decomp.) after recrystallisation 
from acetic acid (Found : C, 45-3 ; H, 2-6 ; N, 14-2. C n H 7 0 7 N 3 
requires C, 44*9 ; H, 2*4 ; N, 14-3%). 

3:6: S-Trinitro-2 : 4- dihydroxyqumoline (III). — Finely powdered 
potassium nitrate (11 g.) was gradually added with shaking to a 
solution of 3 : 6-dinitrohydroxyacetoxyquinoline (5 g.) in 10% oleum 
(50 c.c.), and the yellow liquid stirred at 85° for 3 hours and then 
at 90 — 95° for 4 hours, the temperature having been raised very 
gradually. The product was slowly added to water (200 c.c.) with 
stirring. The pale brown solid obtained crystallised from acetic 
acid in pale yellow leaflets, m. p. 192—193° (decomp.) (yield, 65%) 
(Found: C, 36*9; H, T6; N, 18*4. C 9 H 4 0 8 N 4 requires C, 36*6; 
H, 1*4; N, 18*9%). 

This trinitrodihydroxyquinoline is fairly readily soluble in water, 
alcohol and ethyl acetate and readily soluble in acetone ; it is 
sparingly soluble in most other organic solvents. 

The solution in aqueous sodium carbonate is golden-yellow. In 
aqueous sodium hydroxide the compound gives a deep yellow 
solution, from which a sparingly, soluble sodium salt separates 
almost immediately; there is no change on boiling : this behaviour 
is in marked contrast with that of trinitrostrychol. 

The monoacetyl derivative was prepared by heating the trinitro- 
dihydroxyquinoline with acetic anhydride for 5 minutes ; it crystal- 
lised in colourless elongated plates, m. p. 158° (decomp.) (Found : 
0,38*8; H, 1*9. C 11 H 6 0 9 N 4 ^ requires 0, 39*1 ; H, 1*8%). 

The oxidation and nitration of the trinitrodihydroxyquinoline 
(1 g.) afforded a proof of its constitution and was effected by heating 
the substance with a mixture of acetic acid (10 c.c.) and nitric acid 
(10 c.c., d 1*5) for i hour on the steam-bath and, after addition of 
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water (10 e.c.), refl uxing the solution for J hour and concentrating 
it to a syrup. The picric acid formed was isolated as its sodium^ 
salt and characterised by its m. p., undepressed by admixture with 
. an authentic specimen, and by other properties. 

2 - Chloro- 3 : 5-dinitrobenzoyl Chloride. — 2- Chloro-3 : 5-dinitro- 
benzoic acid (Purgotti and Contardi, Gazzeita, 1902, 32, i, 526) was 
treated with phosphorus pentachloride ; the chloride (mentioned by 
Barnett, Ber ., 1925, 58, 1610, without properties or analysis) 
crystallised from ether-benzene in white needles, m. p. 62° (Found : 
Cl, 26*7. C^OgNgCla requires Cl, 26*8%). Attempts to condense 
the chloride with ethyl sodioacetoacetate and to hydrolyse the 
product were fruitless. 

3 : o-Dinitro-2-methoxybenzoyl Chloride . — The acid was obtained 
in 85% yield by following UIImamTs directions {Annalen, 1909, 366, 
85), and in 95% yield by nitrating o-methoxybenzoic acid (20 g.) 
with a mixture of sulphuric acid (100 c.c.) and nitric acid (30 c.c., 
d 1*5) for \ hour at room temperature. 

The chloride crystallised in plates when the crude product was 
washed with light petroleum; it had m. p. 37 — 38° (Found : Cl, 
13-8. C 8 H 5 0 6 N 2 C1 requires Cl, 13-6%). Condensations with the 
sodium derivatives of ethyl aeetoacetate and ethyl malonate led to 
no satisfactory outcome. 

Methyl 3 : b-Dinitro-2-aceta-midobe?izoaie. — Salkowski {Annalen, 
1874, 173, 46) obtained methyl 3 : 5-dinitroanthranilate by the 
action of ammonia on methyl dinitroethoxybenzoate, and recorded 
the m. p. 166°. Esterification of 3 : 5-dmitroanthranilic acid 
(Purgotti and Contardi, loc. cit.) by means of 5% methyl-alcoholic 
sulphuric acid gave the same derivative, m. p. 165—166°, in 71% 
yield (Found : C, 39-6; H, 31* Calc, for C 8 H 7 0 6 N 3 : C, 39-8; 
H, 2-9%). The corresponding ethyl ester had m. p. 136°. 

Acetylation of the methyl ester (2*5 g.) was carried out by means 
of acetic anhydride (25 e.c.) and a drop of sulphuric acid. The 
acetyl derivative crystallised from the solution after a few minutes 
and separated from benzene in. long colourless rods, m. p. 172 — 
173° (Found: C, 42*3; H, 3*4, C 10 H 9 O 7 N 3 requires C, 42*4; H, 
3*2%). The related ethyl ester could be obtained by the use of 
acetic anhydride without a catalyst ; it crystallised from benzene 
in clusters of needles, m, p. 174° (Found : C, 44-9; H, 3-7; N, 14*2. 
C1AAN3 requires C, 44*5; H, 3*7; N, 14*1%). Ring closure of 
these esters was attempted under a variety of conditions, but it 
could not be effected and thus a long series of attempts to prepare 
6 :-8-dimtro-2 : 4-dihydroxyquinoline failed. 

6 : S-Dinitro-2 : 5 -dihydroxy quinoline (IV). — 5-Aminocarbostyril 
has been prepared by Claus and Setzer {J. pr. Chem., 1896, 53, 392), 
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but the method was modified in some details. 5-Nitrocarbostyril 
(10 g.) was mixed with hydrated stannous chloride (36 g.) and 
concentrated hydrochloric acid (70 g.). After boiling for a few 
minutes, the solution was concentrated, then diluted, and tin 
eliminated as sulphide. The filtrate was again concentrated until 
crystals separated from the hot liquid. After cooling and keeping, 
the hydrochloride was isolated (6-5 g.) ; it crystallised in long colour- 
less rods and gave a deep brownish-red coloration with ferric chloride 
in aqueous solution. 

Sodium nitrite (4 g.), dissolved in water (10 c.c.), was gradually 
added to a stirred solution and suspension of 5-aminocarbostyril 
hydrochloride (9 g.) in water (100 c.c.) and nitric acid (20 c.c., 
d 1*42) cooled to 0°. The mixture was kept at 0° for 1 hour and then 
heated on the steam-bath for 2 hours; nitrogen was evolved at 
about 70°. An almost black, resinous substance which separated 
was collected and dissolved in acetic acid ; the solution deposited 
crystals and, after several recrystallisations, 6 : S-dinitro~2 ; 5-di- 
Jiydroxyquinoline was obtained in pale yellowish-brown prisms, 
m. p. 260° (decomp.). A small additional amount was obtained from 
the reaction mother-liquor and had m. p. 261° (decomp.) (Pound : 
C, 43*2; H, 2-3. C 9 H 5 0 6 N 3 requires C, 43-0; H, 2*0%). The 
substance is moderately readily soluble in alcohol, acetone, ethyl 
acetate, and water and sparingly soluble in chloroform, benzene, ether, 
and light petroleum. The aqueous solution is golden-yellow, and the 
solution in cold aqueous sodium carbonate is yellow. With aqueous 
sodium hydroxide, a deep red salt is produced ; this dissolves 
to an orange-red solution on heating. 

When the substance was refluxed with fifteen times its weight of 
nitric acid (d 1*5) for 3 hours, a small amount of styphnic acid, 
m. p. 175°, was produced. 

The reduced acid solution is not fluorescent and develops a bright 
red colour on the addition of ferric chloride. 

The derivative obtained on acetylation with boiling acetic 
anhydride for 10 minutes crystallised from alcohol in clusters of 
very pale yellow needles, m. p. 178°. 

6 : 8-Dinitro-2 : 1-dihy droopy quinoline (V). — Decker (J. q>r. Ghem ., 
1901, 64, 99) recorded meagre details of his preparation of 7-nitro- 
carbostyril and did not state the yield. Following his method as 
closely as possible, we found this to be 23% : under the following 
conditions, the yield is about 60%. 

A solution of 7-nitroquinoline (22 g.) in water (1600 c.c.), boric 
acid (160 g.), and sulphuric acid (5 c.c.) was added to water (4400 
c.c.) and heated on the steam-bath until a clear solution resulted. 
Fresh bleaching powder (200 g.) was digested with water (900 c.c.) 
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for 24 hours, and the filtered solution added to the nitroquinoline 
solution. After 24 hours, the precipitate was collected and boiled 
for 5 minutes with a solution of sodium hydroxide (14 g.) in water 
(1100 c.c.}. Acidification of the alkaline filtrate afforded a volumin- 
ous precipitate of the carbostyril. The reduction was carried out 
like that of the isomeride (above), and the diazotisation, decom- 
position and simultaneous nitration were also similar to those 
already described. Here, however, the black resin yielded nothing, 
and the filtrate from it, after being heated for a further period, was 
cooled and kept. The yellow solid that separated was collected, 
washed, and dried ; it then crystallised from benzene in glistening 
yellow plates that gradually darkened on heating and had m. p. 
207: — 208° (decomp.), exploding a few degrees higher. The results 
of analyses indicated a composition midway between that of a 
mono- and of a di-nitro-derivative. Accordingly, the product 
(1 g.) was dissolved in sulphuric acid (5 c.c.), and potassium nitrate 
(2 g.) added slowly with stirring. The mixture was poured into 
water (25 c.c.), and the precipitate crystallised several times from 
aqueous acetic acid, giving glistening, pale orange parallelipipeds, 
which darkened on heating but did not melt below 310°. At higher 
temperatures, explosion occurred, and for this reason no analysis 
by combustion could be performed. By using a very large excess of 
copper oxide, a Pregl-Dumas estimation of nitrogen could be carried 
out (Found : N, 16-6. CqB 5 OqN s requires N, 16*7%). 

The substance is soluble in hot water to a yellow solution, and in 
this respect and in other solubility properties and colour reactions 
with alkalis it resembles the dinitro-2 : 5-dihydroxyquinoline 
described above. 

The decomposition to styphnic acid was more facile than with the 
isomeride and could be effected by boiling the substance (0*5 g.) 
under reflux with nitric acid (5 c.c., d 1-5), acetic acid (5 c.c.), and 
water (5 c.c.) for 4 hour. The liquid was evaporated to dryness, 
and the residue extracted with ether; the resulting styphnic acid 
had m. p. 174 — 175°. This treatment does not change dinitro- 
2 : 5-dihydroxyquinoline to any appreciable extent. 

3 -Nitroanisic Acid and Derivatives . — The conditions for the 
nitration of p-tolyl carbonate (D.B.-P. 206,638) were modified. 

A mixture of nitric acid (102 g., d 1-5) and sulphuric acid (265 g.) 
was gradually added to a stirred solution of p-tolyl carbonate 
(181 g.) in sulphuric acid (1200 c.c.) kept below 20°. After 5 hours, 
the product was isolated and hydrolysed; the yield of the nitro- 
cresol was 75%. 

3-Nitroanisie acid has been obtained by Simonsen and Pau 
(J., 1917, 111 , 235) by a series of reactions from 2-nitroanisic acid. 
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It can also be prepared by oxidation of 2-nitro-p-tolyl methyl ether 
in 35% yield. 2-Nitro-p-tolyl methyl ether (100 g.) was refluxed 
with a solution of potassium permanganate (120 g.) in water (2500 g.), 
further quantities of permanganate (180 g.) being introduced in the 
course of 5 hours and the boiling continued for 2 hours more. The 
acid, isolated in the known manner, crystallised from acetic acid in 
white hexagonal prisms, m. p. 195 — 196° (Found : C, 48*6; H, 3-9. 
Calc, for C 8 H 7 0 5 N : C, 48-7 ; H, 3*6%). 

Hydrogen chloride was the catalyst used in the preparation of the 
ethyl ester, which crystallised from alcohol in colourless plates, 
m. p. 71—72° (Found : C, 53*2 ; H, 5-0. C 10 H n O 5 N requires 
C, 53*3; H, 4*9%). 

The chloride was obtained by boiling the acid (50 g.) for 3 hours 
with pure thionyl chloride (140 c.c.). The yield was 53 g. and the 
derivative crystallised from light petroleum in small white tablets, 
m. p, 56° (Found : C, 44-3; H, 2-9. C 8 H 6 0 4 NC1 requires C, 44-5; 
H,2-8%). 

2-Nitro-4:-methoxybenzoylpyruvic Acid , 

N0 ? -C 6 H 3 (0Me)-C0-CH 2 -C0-C0 2 H. 

— 2-Nitroanisoyl chloride was brought into reaction with an equi- 
molecular quantity of ethyl sodioacetoacetate in dry ethereal 
solution and suspension ; the mixture was refluxed for 1 hour. The 
oily product gave a potassium salt which crystallised from alcohol 
in bright yellow leaflets (Found : K, 11-0. C 14 H 14 0 7 NK requires 

K, 11-2%). The regenerated ester (25 g.) was refluxed for 8 hours 
with a mixture of sulphuric acid (50 g.) and water (100 c.c.), and 
about 6 g. of 2-nitro-4-methoxyaeetophenone were isolated from the 
mixture as a yellowish- brown oil. This ketone (5 g.) and then ethyl 
oxalate (7 g.) were added with shaking and cooling to a solution of 
sodium (3 g.) in alcohol (100 c.c.). After 24 hours, water (500 c.c.) 
was introduced, and the filtered liquid acidified with hydrochloric 
acid. On keeping, a pale brown, flocculent substance was deposited 
which crystallised from benzene-light petroleum in almost colour- 
less, feathery needles, m. p. 161° (yield, 65%) (Found: G, 494; 
H, 3*6. C-^HaO-yN requires C, 494.; H, 34%). 

The acid is readily soluble in most organic solvents with the 
exception of light petroleum. It gives a bright yellow solution in 
aqueous sodium hydroxide and a deep reddish-brown ferric chloride 
reaction in alcoholic solution. Reduction with alkaline hydro- 
sulphite, followed by oxidation, gave a bluish-green precipitate of 
dimethoxyindigotin. 

4c-Hydroxy-7-methoxyquinoline-2-carboxyUc Acid (7-Methoxy- 
kynurenic Acid) (VI). — A hot solution of crystallised ferrous sulphate 
(40 g.) in water (80 c.c.) was slowly added to one of 2-nitro-4-meth- 

p2 
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oxybenzoylpyruvic acid (10 g.) in water (100 c.c.) and aqueous 
ammonia (60 c.c.* d 0*880). The liquid was heated for J hour on 
the steam-bath and filtered hot, and the precipitate washed with 
boiling dilute aqueous sodium carbonate. The combined filtrates 
were acidified, and the whole process was repeated on the isolated 
solid. The crude acid was boiled with acetic acid (50 c.c.), and the 
residue crystallised from a much larger volume of the same solvent, 
affording microscopic needles (2 g.) } m. p. 278° (decomp.) (Found : 
C, 60-0; H, 3*8. C n H 9 0 4 N requires C, 60*3 ; H, 4*1%). The acid 
is extremely sparingly soluble in the usual organic solvents. Its 
solution in sulphuric acid is yellow, and in alkaline solution it 
couples with benzenediazonium chloride to a red azo-compound. 

3(or 8)-N itro-1 -meihoxykynurenic Acid . — A solution of 7-methoxy- 
kynurenie acid (0*5 g.) in nitric acid (5 c.c., d 1*5) was stirred for 
15 minutes, heated at 30° for 10 minutes, cooled, and poured into 
water. The derivative crystallised from acetic acid in clusters of 
almost colourless needles, m. p. 250° (decomp.) (Found : N, 10*5; 
MeO, 11*3. C 11 H s 0 6 N 2 requires N, 10*6 ; IMeO, 11*7%). The 
acid is soluble in alcohol, moderately readily soluble in acetone, 
chloroform and ether, and very sparingly soluble in other organic 
solvents of low b. p. It gives bright yellow alkaline solutions. 

3:6: 8-Trinitro- 7 -metlioxykynurenic Acid .— A solution of 7-meth- 
oxykynurenic acid (0*5 g.) in nitric acid (5 c.c., d 1*5) was refluxed 
for 1 hour and then evaporated to dryness on the steam-bath ; the 
residue crystallised from acetic acid in colourless, nearly rectangular 
prisms, which darkened but did not melt below 310° (Found : 
1ST, 15*8; MeO, 8*8. C n H e O 10 N 4 requires N, 15*8; IMeO, 8*8%). 
This trinitromethoxykynwrenic acid is moderately readily soluble in 
alcohol, acetone, or ethyl acetate, but is almost insoluble in other 
usual solvents. The solution in aqueous sodium carbonate is pale 
yellow, and the yellow solution in cold aqueous sodium hydroxide 
almost immediately deposits a yellow sodium salt. 

A number of experiments were made on the exhaustive nitration 
of deearboxylated 7-methoxykynurenic acid and specimens un- 
doubtedly containing 3:6: 8-trinitro-7-methoxyquinoline were 
obtained. These did not show the characteristic behaviour of 
trinitrostrychol towards hot aqueous sodium hydroxide, and we are 
convinced that the trinitro-4 : 7-dihydroxyquinoline derivatives are 
more stable than trinitrostrychol. 

6-Nitrosc&icylaldehyde (VII). — Chloroform (24 c.c.) was added 
to a solution of m-nitrophenol (30 g.) in water (200 c.c.) and sodium 
hydroxide (40 g.), and the mixture refluxed for 1 hour. After 
removal of the excess of chloroform, the solution was acidified with 
sulphuric acid and distilled in steam. The pale yellow solid (yield. 
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3%) in the distillate crystallised from light petroleum or methyl 
alcohol in pale yellow prisms, m. p. 54 — 55° (Found : N, 8-6. 
C 7 H 5 0 4 N requires N, 8*4%). The sodium salt was orange-red, and 
the ferric chloride coloration in alcoholic solution was reddish-brown. 
The salicylaldehyde configuration was confirmed by applying 
Dakin’s reaction, a substance giving pyrocatechol-type reactions 
being obtained in small yield. 

Methylation by means of methyl sulphate and sodium hydroxide 
yielded the methyl ether, which crystallised from carbon tetra- 
chloride in colourless plates or needles, m. p. Ill 0 (Found : C, 52*9 ; 
H, 3*9. C 8 H 7 0 4 N requires C, 53*0; H, 3*9%). This methoxy- 
o-nitrobenzaldehyde gave a bulky, deep blue precipitate of di- 
methoxyindigotin (dark brownish-purple lustre) when cold aqueous 
sodium hydroxide was added to its solution in acetone. 

The Universities of Oxford and Manchester (1925). 

[Received, February 1st, 1930.] 


LIII . — The Reaction between Cupric Chloride and 
Hydrazine Sulphate . 

By Thomas Iredale and Catherine Eleanor Mallen. 

Double compounds of the salts of hydrazine and copper, both 
cuprous and cupric, have been described (Curtius and Jay, J. pr. 
Chem., 1894, 50 , 311 ; Hofmann and Marburg, Annalen, 1899, 305 , 
191, 222 ; Ranfaldi, Atti R . Accad. Lined, 1906, 15 , ii, 95 ; Franzen 
and Lucking, Z . anorg. Chem., 1911, 70 , 152; ^erratini, Gazzetta, 
1912, 42 , i, 138), and copper salts have been used for the gaso- 
metric estimation of hydrazine (Purgotti, ibid., 1896, 26 , 559; de 
Girard and de Saporta, Bull . Soc . chim., 1904, 31 , 905; Rimini, 
Atti R. Accad. Lincei , 1905, 14 , i, 386; Ebler, Z. anorg. Chem., 
1905, 47, 371). The cupric double compounds are usually formed 
without any chemical action other than perhaps a double decom- 
position. This is possible as a rule only in neutral or somewhat 
acid solutions ; in alkaline solutions reduction to a cuprous salt, 
finally giving cuprous oxide, takes place, with evolution of nitrogen : 
8Cu" + 2N 2 H 5 * + 10OH' » SCu + 10H 2 O + 2N 2 . According to 
Gutbier (Z. anorg. Chem., 1902, 32 , 355), colloidal cuprous oxide 
may sometimes be formed in this way under certain conditions ; 
with high concentrations of hydrazine, however, copper itself may 
be the final reduction product (Rimini, loc . cit. ; Curtius and Jay, 
Ber ,, 1887, 20 , 1632). Brown, amorphous solids of uncer- 
tain composition are sometimes precipitated which deposit copper 
on standing. On exposure to air they form basic copper carbonates. 
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By working under certain conditions, we have prepared from 
hydrazine sulphate and cupric chloride a new compound which is 
more complex than any hitherto described, and has some unusual 
properties. 

Experimental. 

N - Cupric chloride solution is run drop by drop into a mixture 
of 40 g. of hydrazine sulphate in 250 c.c. of water with 25 g. of 
potassium hydroxide (or the equivalent sodium hydroxide) in 250 
c.c. of water. The solution turns blue at first, and then becomes 
brown, with evolution of nitrogen. A brown precipitate begins to 
form, and if the cupric chloride is run in slowly, a stage is reached 
where glistening brown plates separate. Further quantities of the 
chloride should be added cautiously in order to avoid formation of 
a blue solution due to excess of copper salt. The crystals are 
allowed to settle, filtered off as rapidly as possible on a Buchner 
funnel, washed with 95% alcohol and finally with absolute alcohol, 
kept over sulphuric acid in a vacuum desiccator, and analysed with- 
out further purification. 

Analysis, (i) From the solution in hydrochloric acid, hydrogen 
sulphide precipitated copper sulphide ; this was dissolved in nitric 
acid, and the metal estimated by the iodide method, (ii) The 
filtrate from the sulphide was freed from excess of hydrogen sul- 
phide by a current of carbon dioxide, and the hydrazine was 
estimated in the solution by the iodine-bicarbonate methods 
(Hi) Chlorine was estimated either by direct weighing as silver 
chloride, or by the Volhard method after an ammoniacal solution 
of the compound had been acidified with nitric acid, (iv) Sulphate 
was estimated as barium salt in the original hydrochloric acid 
solution (Found: Cu, 46-4; Cl, 12*1; N 2 H 4 , 21-1; S0 4 , 18*0. 
2 &iC 1,<XS0 4 ,4N 2 H 4 requires Cu, 46-3; Cl, 12-9; N 2 H 4 , 23-3; 
SO^ 17-5%). 

Properties. The substance is readily decomposed by cold water, 
but can be preserved for some time under anhydrous conditions. 
Hot water precipitates cuprous oxide, leaving a nearly neutral 
(methyl- orange) solution of hydrazine sulphate and chloride. The 
complex is insoluble in alcohol and in most organic solvents, but 
dissolves in formamide and pyridine to give straw-coloured solutions 
which rapidly become blue owing to oxidation ; it also gives a 
similar solution in concentrated aqueous ammonia in an inert 
atmosphere, but access of oxygen rapidly produces the blue solution 
characteristic of cupric complexes. This rapid oxidation makes 
satisfactory recrystallisation from formamide difficult. Dilute 
sulphuric or nitric acid causes precipitation of copper, but hydro- 
chloric acid at first yields a white precipitate which dissolves to a 
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colourless solution when the concentration of acid is increased, 
doubtless owing to the solubility of cuprous chloride in the con- 
centrated acid. 

The compound might simply be a double salt, but there appear 
to be at least three reasons for regarding it as fully co-ordinated : 
(1) the small number of acid radicals compared with hydrazine 
molecules and copper atoms ; (2) the dark colour of the compound, 
probably indicating a large ion— the simpler double salts of cuprous 
copper are usually colourless, but the ammino-cuprous chlorides are 
brown (Lloyd, J. Physical Chem 1908, 12, 398); (3) the ease with 
which it reacts with water to give cuprous oxide, suggesting the 
structure 

Estimations of the molecular weight in pyridine and formamide 
were not satisfactory, owing to rapid oxidation and to the form- 
ation of other complexes. 

Attempts to prepare related compounds have not been successful. 
When cupric sulphate is substituted for the chloride in the prepar- 
ation, metallic copper separates. 

We are indebted to Mr. W. J. Lawrence for- checking some of the 
analyses. 

Armstrong College, University of Durham, and 

University of Sydney. [Received, November 28th, 1929.] 


LIV . — Nitration of Phenyl Substituents of 
Heterocyclic Nuclei. 

By Robert Forsyth and Frank Lee Pyman. 

Nitration of 2-phenylglyoxaline by addition of the nitrate of the 
base to cold sulphuric acid and heating at 100° gave 2-#-, 2-o-, and 
2-m-nitrophenylglyoxalines in yields of 50, 1-5, and 0*2% of the 
theoretical respectively (Pyman and Stanley, J., 1924, 125, 2484). 
In view of the poor total yield, the nitration has now been repeated, 
the mixture, however, being kept for 60 hours at the ordinary 
temperature instead of being heated : the result was but little better, 
2-p-nitrophenylglyoxaline being obtained in a yield of 57% of the 
theoretical, and oxidation of the by-products gave a mixture of 
acids from which crude m-rdtrobenzoic acid was isolated in 5% 
yield. Attempts to obtain a clearer picture of a similar nitration by 
employing 2-phenyl- 1-methylglyoxaline were unsuccessful, for the 
only identifiable products in this case were the p-nitro-derivative in 
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39% yield and p-nitrobenzoic acid (by oxidation of the by-products) 
in 4-4% yield. 

Whilst the above nitrations yield p-nitro-derivatives as main 
products, the nitration of 2-phenylglyoxaline-4 : 5-dicarboxylic acid 
(Pyman and Stanley, loc. cit.), 2-phenyl-4 : 5-dihydroglyoxaline, 
and benzamidine (Forsyth, Nimkar, and Pyman, J., 1926, 800) have 
been shown to yield predominantly m-nitro-derivatives. In the 
hope of throwing light on this difference in substitution, the nitration 
of a number of allied compounds has been studied, but experimental 
difficulties prevented anything more than an incomplete picture of 
the nitration being obtained in each case. 4-Hydxoxy-2-phenyl- 
6-methylpyrimidine gave 50% of the wi-nitro-compound, and 
oxidation of the mother-liquor gave a further 7% of m-nitrobenzoic 
acid : it thus resembles benzamidine rather than 2-phenylglyoxaline. 
The nitration of phenylacetamidine gave 75% of the p-nitro- 
derivative, just as the nitration of (3-phenylethylamine gives mainly 
the ^-compound, and 1-phenylglyoxaline also gave the p -nitro- 
compound (58%). On nitration, 4-phenylpiperidine gave the p-, o-, 
and m-nitro-compounds in yields of 52, 8, and 3% respectively : the 
proportion of m-compound is thus considerably less than in the 
nitration of 4-phenylpyridine, where the p-, o-, and ^-compounds 
were isolated in yields of 38, 13, and 28% respectively. 

We regret that in publishing our paper on the nitration of 2-, 
3-, and 4-phenylpyridines (J., 1926, 2912) we overlooked the previous 
publication of Tschitschibabin and Schemjakina ( J . Russ . Phys. 
Ghemu Soc ., 1921, 53, 217) owing to the fact that no reference was 
made to it in our Abstracts, although it was abstracted in the Ghem . 
Zentralblatt , 1923, ii, 1024. These authors, using different methods 
from ours, separated from the products of interaction of pyridine 
with diazotised p-nitroaniline two p-nitrophenylpyridines, m. p. 
131 — 131*5° and 146 — 147° respectively. They proved that the first 
was 2 -p-nitrophenylpyridine (for which we found m. p. 130*5 — 
131*5°) and assumed that the second was 4-p-nitrophenylpyridine. 
In view of our results, however, it is clear that their second com- 
pound was 3-p-nitrophenylpyridine, for which we found m. p. 
148—149°. 

Experimental. 

Nitration of 2-Phenyl- 1 -methylglyoxaline. — 2-Phenyl- 1 -methyl- 
glyomline nitrate , described as needles, m. p. about 100°, but not 
analysed by Balaban and King (J., 1925, 127, 2701), crystallises 
from dry acetone in prismatic needles, m. p. 126 — 127° (corr.). It 
is anhydrous, readily soluble in water, and fairly readily soluble in 
alcohol or acetone (Found : 0, 54*2 ; H, 5*3 ,* N, 19*1. C 10 H 10 N a ,HNO 3 
requires C, 54-3 ; H, 5*0 ; N, 19*0%). 
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This salt (5 g.) was added to sulphuric acid (10 c.c.) below 0° and 
the solution was kept for an hour, heated at 100° for another hour, 
and diluted with ice-water. The colourless crystals which separated 
(0-56 g. ; m. p. 167 — 168°) were rejected, as was also an ether-extract 
of the solution (0-38 g, of gummy crystals). When the aqueous 
solution was basified with sodium hydroxide, pale yellow crystals 
separated (2-4 g. ; m. p. 90 — 100°) ; chloroform extracted from the 
mother-liquor 1-21 g. of syrupy bases. The precipitated base was 
converted into nitrate, which was crystallised from alcohol, giving 
pure 2-p-nitrophenyl- 1 -methylglyoxaline nitrate (2*05 g. ; m. p. 
184 — 185° [corr.] ; yield, 34-1%) ; the mother-liquors gave a further 
4-8% yield of the same substance rather less pure, and after oxidation 
with permanganate a 4-4% yield of crude p-nitrobenzoic acid. 

The above nitrate and the base, m. p. 117 — 118° (corr.), and 
picrate, m. p. 214 — 215° (corr.), prepared from it were shown by the 
mixed melting-point method to be identical with the base and its 
salts prepared by the methylation of 2-p-nitrophenylglyoxaline, for 
which Balaban and King (loc. cit.) give the m. p.’s (nitrate) 186°, 
(base) 116-5°, and (picrate) 212° (all corr.). 

Phenylacetamidine Nitrate. — Phenylacetiminoethyl ether hydro- 
chloride was prepared by’the method of Luckenbach (Ber., 1884, 17, 
1421) in, 92% yield; it had m. p. 99 — 100° (corr.; efferv,) after 
sintering from 97°. Luckenbach gives m. p. 85° after softening at 
60°. This salt was converted into crude phenylacetamidine hydro- 
chloride by means of alcoholic ammonia (Luckenbach, loc. cit.) and 
thence into the nitrate by means of silver nitrate. Phenylacetamid- 
ine nitrate was thus obtained in 93% yield. It crystallises from 
water in large rhombic prisms, m. p. 168 — 169° (corr.). Bemton 
(Arkiv Kemi Min. Oeol., 1918, 7, 1) gives in. p. 166 — 167°, but 
does not give an analysis of this salt. It is moderately easily soluble 
in water and sparingly soluble in alcohol (Found : N, 21*6. 
C 8 H 10 N 2 »HNO 3 requires NT, 21-3%). 

Nitration of Phenylacetamidine . — Phenylacetamidine nitrate (5 g.) 
was added to sulphuric acid (10 c.c.) below 0°. The solution was 
kept for one hour, heated at 100° for 2 hours, cooled, and diluted with 
ice-water* On extraction with ether, only a trace of material was 
removed. The aqueous solution was mixed with sufficient aqueous 
barium chloride to remove sulphate ions, filtered from barium 
sulphate, and concentrated to small bulk. Since the hydrochlorides 
obtained did not crystallise, they were dissolved in water and mixed 
with the equivalent quantity of silver nitrate. After removal of 
silver chloride and concentration, crude ^-nitrophenylacetamidine 
nitrate separated (5*66 g. ; m. p. 150°); the mother-liquor gave on 
evaporation a sticky residue (0-59 g. ; m. p. 100 — 115°). Crystal- 
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lisation of the nitrate of higher m. p. from alcohol gave pure ^-nitro- 
phenylacetamidine nitrate (4*42 g. ; m. p. 157° [corr.] ; yield, 
09*7® O ), which was identified with the synthetic product described 
below by the mixed melting-point method. Attempts to fractionate 
the remaining material by crystallisation as nitrate, or as picrate, 
or after oxidation as nitrobenzoic acids, were fruitless. Orientation 
of p-nitrophenylacetamidine was effected by its synthesis from 
p-nitrophenylacet onitrile . 

Synthesis of pOT itrophenylacetamidine. — A suspension of p-nitro- 
phenylaeetonitrile (16*2 g.) in dry ether (20 c.c.) and absolute alcohol 
(4*6 g.) was saturated with dry hydrogen chloride. After 3 days, 
the p -nitrophenylacetiminoethyl ether hydrochloride , which had 
separated as a colourless crystalline powder, was collected and 
washed with ether (yield, 21*6 g. ; 88%). When heated slowly from 
the ordinary temperature, it softened at about 188° and melted at 
191 — 192° (corr. : decomp.), but it decomposed when placed in a 
bath at 159" (Found : Cl, 14*2. C 10 H 12 O 3 ]Sr 2 ,B[Cl requires Cl, 

14*5%). This salt is fairly readily soluble in alcohol, but sparingly 
soluble in ether ; it is decomposed by water. 

To p-nitrophenylacetiminoethvl ether hydrochloride (10 g.), 
suspended in absolute alcohol (10 c.c.), absolute alcohol saturated 
with ammonia at 0° was added gradually until a slight excess of 
ammonia remained after prolonged shaking. After being kept at 
30° for 2 days, the mixture was diluted with water, acidified faintly 
with hydrochloric acid, concentrated to remove alcohol, and 
extracted with ether. The aqueous liquor was mixed with sufficient 
aqueous silver nitrate to remove chlorine ions, filtered from silver 
chloride, and concentrated, p -Nitr ophenylaeetamidine nitrate 
[7*6 g. ; m. p. 157° (corr.)] then separated, and the mother-liquor on 
concentration gave a further deposit which, after removal of non- 
basic material by ether, afforded a further 0*72 g. of the nitrate, 
m. p. 157 3 (corr.). Total yield, 81%. 

p-A itrophen ylacetamidine nitrate crystallises from water or moist 
alcohol in colourless coarse needles which rapidly become pale 
yellow in contact with air. It contains p[ 2 0, which is lost slowly 
over sulphuric acid, and the dried salt has m. p. 157° (corr.). It is 
moderately easily soluble in water or alcohol. Its aqueous solution 
becomes intensely red on addition of alkali (Found in air-dried salt : 
loss over H^SO*, 3*6. C 8 H 9 0 2 N 3 ,ffiSr0 3 ^H 2 0 requires |H 2 0, 3*6%. 
Found in dried salt : C, 39*8 ; H, 4*3 ; N, 22*9. C 8 H 9 0 2 N 3 ,HN0 3 
requires C, 39*7 ; H, 4*1 ; N, 23*1%). The picrate crystallises from 
water or alcohol in yellow needles, m. p. 210° (corr.). It is very 
sparingly soluble in both these solvents, but fairly readily soluble 
in acetone. 
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. Nitration of 4:-Hydroxy-2-phenyl-6-methylpyrimidine. — The pyri- 
midine (5 g.) was added to sulphuric acid (10 c.c.) below 0°, followed 
gradually by potassium nitrate (2*7 g.). The mixture was kept for 
2 hours at the ordinary temperature, heated for 2 hours at 100 ° y 
cooled, and poured into water ; crude 4-hydroxy-2-m-nitrophenyl- 
6 -m ethylpyrimidine then separated (4*02 g. ; m. p. 245 — 247°). 
After prolonged fractional crystallisation, this product gave 3*1 g. 
(yield, 50%) of the pure base, m. p. 257° (corr.), and small quantities 
(in all, 7%) of crude m-nitrobenzoic acid were obtained by oxidising 
the . bases isolated from the mother-liquors. Orientation of the 
main product was effected by its oxidation and comparison of the 
oxidation product with m-nitrobenzoic acid, and by its identification 
with 4-hydroxy -2-m-nitrophenyl-6-methylpyrimidine prepared from 
m-nitrobenzamidine and ethyl acetoacetate. The base so prepared 
by us had m. p. 257° (corr.); Pinner (Ber., 1895, 28 , 485) gives 
m. p. 254°. 

Nitration of ^Phenylpiperidine . — 4-Phenylpiperidine was pre- 
pared by the reduction of 4-phenylpyridine with sodium and alcohol 
after Bailly (Ber., 1887, 20 , 2590), and the base, which distilled 
mainly at 264 — 267° (corr.)/756 mm. (Bailly gives b. p. 255 — 257°/ 
725 mm.), was converted into nitrate, the yield of pure nitrate being 
67% of the theoretical calculated on the 4-phenylpyridine employed, 
4 -Phenylpiperidine nitrate crystallises readily from water in colour- 
less, diamond-shaped, anhydrous plates, m. p. 139° (corr.) (Found : 
C, 58*8; H, 7 1. C n H 15 N,HN0 3 requires C, 58*9 ; H, 7*1%). 

4-Phenylpiperidine nitrate (30 g.) was added to concentrated 
sulphuric acid (60 c.c.) cooled with water, and the solution was 
heated for £ hour at 100°. After being basified with sodium 
hydroxide, the product was collected by ether and mixed with 
di^-nitric acid (28 c.c.) ; a crystalline nitrate (24 g. ; m. p. 140 — 1 
145°) then separated. The- mother-liquor was evaporated to dryness 
and the residue was mixed with absolute alcohol and kept ; it then 
deposited an oil which became partly crystalline. This product was 
separated into crystalline and oily nitrates. All the crystalline 
nitrates were recrystallised several times from water (3 — 4 parts) 
and gave 16*4 g. of pure 4-p-nitrophenylpiperidine nitrate. The 
mother-liquors from this were mixed with sodium iodide and gave a 
mixture of hydriodides from which 4-m-nitrophenylpiperidine 
hydriodide separated first on crystallisation from water. The 
hydriodide mother-liquors were basified and extracted with ether 
and the recovered base was converted into nitrate, a little more of 
the pure p-salt being obtained ; the mother-liquors then yielded 
with sodium iodide a mixture of hydriodides from which more of the 
m-salt was obtained. The oily nitrates mentioned above gave with 



402 SITUATION OF PHENYL SUBSTITUENTS OF HETEROCYCLIC NUCLEI. 

sodium iodide in aqueous solution an oily hydriodide, which became 
partly crystalline, and the crystalline part on recrystallisation from 
water gave 4-o-nitrophenylpiperidine hydriodide. The yields were 
p-nitrate, 19*42 g. pure (52*5%) ; m-hydriodide, 1*17 g. pure + 0*2 g. 
of m. p. 225° (3*1%) ; o-hydriodide, 3*8 g. pure air-dried (8*1%). 

The three bases were precipitated by sodium hydroxide from 
aqueous solutions of their salts as oils, and when these were collected 
by ether the p- and m-bases crystallised, melting without further 
purification at 95° and 77° respectively, whereas the o-base did not 
crystallise. All three bases readily absorbed carbon dioxide from 
the air, yielding crystalline carbonates. On oxidation with per- 
manganate the three bases gave the corresponding nitrobenzoic 
acids, which were identified by the mixed m. p. method. 

4-p-IV itrophenylpiperidine nitrate crystallises from water in very 
pale buff plates, m. p. 162 — 163° (corr.), which are anhydrous and 
sparingly soluble in cold water (Found: C, 49*1; H, 5*7. 

C 11 H 14 0 2 N 2 ,HN0 3 requires C, 49*1; H, 5*6%). The hydriodide 
crystallises from alcohol in deep yellow, anhydrous prisms, m. p. 
189 — 190° (corr.), which are sparingly soluble in cold water or alcohol 
(Found: C, 39*9; H, 4*5. ^H^O^HI requires C, 39*5; H, 
4-5%). 

. 4-m- itrophenylp iperidi?ie hydriodide crystallises from water in 
fiat, pale yellow needles, m. p. 236° (corr.). It is anhydrous and 
sparingly soluble in cold water (Found: C, 39*6; H, 4*5. 

CnH^OgNgjHI requires C, 39*5; H,4*5%). The nitrate crystallises 
from water in cream-coloured prismatic needles, m. p. 205 — 206° 
(corr.), which are sparingly soluble in cold water. 

4:-o~N itrophenylpiperidine hydriodide crystallises from water in 
almost colourless prismatic needles, containing 1H 2 0, which are 
sparingly soluble in cold water. After drying at 100°, it melts at 
160—161° (corr.) (Found in air-dried salt: loss at 100°, 5*1. 
Ci 1 Hi 4 0 2 N 2 ,HI,H 2 0 requires H s O, 5*1%. Found in dried salt : 
C, 39*5 ; H, 4*5%). The nitrate crystallises from water in almost 
colourless prisms, m. p. 131—132° (corr.), which are more readily 
soluble in water than the nitrates of the p- and m-isomerides. 

Nitration of 1 -Phenylglyoxaline. — When 1-phenylglyoxaline was 
dissolved in a slight excess of 51V r -nitric acid, a solution was obtained 
which did not crystallise, but after addition of an excess of concen- 
trated nitric acid and concentration of the solution under diminished 
pressure over sulphuric acid and sodium hydroxide, 1 -phenyl- 
glyoaxAme dinitrate crystallised in large prisms, m. p. 82 — 86° (corr.) 
(Found: 0, 40*0; H, 3*7; C 9 H 8 N 2 ,2HK0 3 requires C, 40*0; H, 
3*7%). This salt (3*5 g.) was added gradually to concentrated 
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sulphuric acid (7 c.c.), cooled with water. The solution was kept 
for 2 hours, diluted with water (50 c.c.), filtered from a colourless 
non-basic precipitate (0*12 g.), and basified with aqueous sodium 
hydroxide; brown crystals (1*85 g.; m. p. 195° after sintering 
earlier) were then collected. The mother-liquor on extraction with 
ether gave only 0*1 g. of a brown oil, which became partly crystalline, 
but was neglected. When the brown crystals were extracted with 
hot dilute hydrochloric acid, some resin remained undissolved ; the 
solution, after treatment with charcoal, was basified, 1-p-nitrophenyl- 
glyoxaline (1*6 g. ; m. p. 198 — 200° after previous sintering) being 
precipitated. After crystallisation from alcohol, this gave T42 g. of 
the pure base (yield, 58%). 

1-p -Nitrophenylglyoxaline crystallises from alcohol in cream- 
coloured prismatic needles, m. p. 204—205° (corr.) (Found : C, 
56*9; H, 3*9. CgE^O^ requires C, 57*1; H, 3*7%). It is 
insoluble in water and sparingly soluble in cold alcohol. The 
hydrochloride crystallises from dilute hydrochloric acid in almost 
colourless, elongated, anhydrous prisms, m. p. 293 — 294° (corr.; 
decomp.) (Found : Cl, 15*7. C 9 H 7 0 2 N 3 ,HC1 requires Cl, 15*7%). 

In order to determine the orientation of the nitro-group, the base 
(0*75 g.) and methyl sulphate (0*75 c.c.) were heated for a few 
minutes at 100°; a crystalline methosulphate was then formed. 
This was decomposed by boiling with aqueous sodium hydroxide ; 
the p-nitroaniline (0*45 g. ; m. p. 132°) that separated gave 0*15 g. 
of the pure base (m.p. 148°, alone or mixed with purep-nitroaniline) 
after purification. 

Municipal College of Technology, 

Uniyebsity of Manchesteb. [Received, January %%nd 9 1930 .] 


LY .—The Constitution of Cryptal. 

By Arthur Ramon Penfold and John Lionel Simonsen. 

It was shown some years ago (Penfold, J., 1922, 121, 266) that the 
aldehyde “ aromadendral ” described by Smith (J. Boy. Soc. New 
South Wales , 1900, 34, 286; Pharm . J., 1905, 75, 356, 382; Trans. 
Boy . Soc . South Australia, 1916, 40, 485) was a' mixture of cumin- 
aldehyde, phellandral, and a new aldehyde, Z-cryptal, isomeric with 
phellandral. This aldehyde has now been found to be 4-iso propyl- 
A 2 -cyclohexenal (I), since on oxidation with potassium permanganate 
in acetone solution it gives ^-a-isopropylglutaric acid (III) in almost 
quantitative yield, oxidation evidently proceeding in accordance 
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with the following scheme, diosphenolcarboxylic acid (II) being 
formed as an intermediate product : 

CH-CHO CH*C0 2 H GH-cd a B 

HaC/^CH-OH , 

H 2 C\xCH HaCs^yCH-OH HaCy/CO 

CH-CHMe 2 CH-CHMe 2 ^ CH-CHMg 2 

(I.) ' . * 

CO,H C-CO a H 

(in.) 

A number of experiments were made with the object of oxidising 
Z-cryptal to the corresponding cycZohexenecarboxylic acid, but these 
were uniformly unsuccessful. The reaction with silver oxide 
proceeds smoothly, but, under all the conditions employed, the acid 
was a gum which showed no tendency to crystallise. This was 
possibly due to its being a mixture of a£- and (3y-isomerides, but the 
quantity of material available was insufficient for a separation to be 
attempted. In another series of experiments, 1 -cryptaloxime was 
treated with acetic anhydride with the object of converting it into 
the nitrile : the reaction, however, proceeded abnormally and, 
although a little impure nitrile was obtained, the main product was a 
crystalline substance , m. p. 102 — 103°, which from its analysis 
appeared to have the formula C 22 H 30 O 2 N 2 or C 22 H 32 0 2 N' 2 . It had 
the properties of a weak base, but its constitution was not determined. 


H 2 <y ^ H 2 <y \y-OH < n > 

H 2 OyC0 2 H H,CV /CO 1 ' 
CH-CHMe, CH-CHMe 2 



C-CHO CH-CHO C-CHO 

Hf^N^H, H 2 c/\pH HO^\pH 

H 2 CyyCH 2 H 2 C X yCH HCyyCH 

CK-CHMe 2 CH-CHMe 2 <>CHMe 2 

(IV-) (I.) . (V.) 


The constitution which is now shown to be that of Z-cryptal was 
assigned originally by Wallach ( Annalen , 1905, 340, 15 ; 343, 34) 
to the tetrahydrocuminaldehyde formed by the action of dilute 
sulphuric acid on (3-phellandreneglycol. This aldehyde was shown 
subsequently to be identical with phellandral (4-isopropyl-A 1 -cycZo- 
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hexenal) (IV) (compare Schimmel’s Beport, 1909, October, p. 88). 
The occurrence in admixture with each other of the three aldehydes 
cuminaldehyde (V), phellandral (IV), and cryptal (I), is not without 
biogenetic interest, since they can all three arise very simply from 
a-pheUandrene (VI), the chief hydrocarbon constituent of the oils 
in which they occur. 

Experimental. 

The Z-cryptal used in these experiments was the original specimen 
prepared by Penfold in 1922. 

1 -Cryptabxime was readily obtained by the interaction of an 
alcoholic solution of cryptal with hydroxylamine hydrochloride in 
the presence of sodium acetate. After distillation in steam the 
oxime was obtained as a thick oil, b. p. 150°/17 mm., n l P° 1-5139 *, it 
did not crystallise even when cooled to a low temperature (Pound : 
C, 71*7 ; H, 9-8. C 10 H 17 ON requires C, 71-8 ; H, 10-2%). 

When the oxime was mixed with an excess of acetic anhydride in 
the presence of sodium acetate, heat was generated and the solution 
became yellow. After 30 minutes 5 boiling, a very vigorous reaction 
occurred and the solution became deep brown. When the cooled 
solution was poured into water, a viscid brown oil separated : this 
was dissolved in ether, the extract washed with sodium carbonate 
solution, dried, and evaporated, and the residual oil distilled under 
diminished pressure ; the greater part boiled at 200 — 210°/23 mm., 
leaving a considerable residue. The distillate, which smelt strongly 
of a nitrile, crystallised almost completely on keeping. The solid, 
after being drained on porous porcelain, crystallised from light 
petroleum (b. p. 60 — 80°) in fine long needles, m. p. 102 — 103° 
(Pound : C, 74*1, 74-3; H, 8-8, 8-6; N, 8*4. C 22 H 30 O 2 ]$r 2 requires 
C, 74*6; H, 8*5; N, 7*9. C 22 H 32 0 2 N 2 requires C, 74*1 ; H, 9*0; 
N, 7*9%). This substance , which was optically inactive, was not 
attacked by alkali even on prolonged boiling; it was soluble in 
concentrated mineral acids and precipitated on dilution with water. 

Z-Cryptalphenylhydrazone is an oil, but the p -nitrophenylhydrazone 
crystallised from alcohol in terra-cotta, highly iridescent, soft needles, 
m. p. 167° (Pound : N, 14*9. C 16 H 21 0 2 N 3 requires N, 14*6%). 

Oxidation of l- Cryptal.— To the aldehyde (10 g.), dissolved in 
acetone (200 c.c.) and cooled to 0°, potassium permanganate (25 g«) 
was gradually added. The oxidation proceeded rapidly at first but 
later became very slow. Water (50 c.c.) was then added and the 
oxidation completed by the addition of potassium permanganate 
(20 g.). The manganese dioxide sludge was separated and well 
washed with boiling water and the filtrate was evaporated to a, small 
bulk in a current of carbon dioxide. After acidification the oxid- 
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ation product was extracted with ether (10 times), the extract dried, 
and the solvent evaporated. The residual oil (11 g.) crystallised on 
keeping and after draining on porous porcelain had m. p. 90°. It 
was recrystallised from hydrochloric acid, yielding small glistening 
plates, m. p. 93 — 94°, of d-a-^sopropylglutaric acid (Found : C, 55*2 ; 
H, 7-9; M , 175. Calc,: C, 55-1; H, 8*0%; M, 174). In aqueous 
solution (c = 0*766), [a] M61 + 14*2° was observed. The anhydride 
crystallised from light petroleum in the curious soft needles, resemb- 
ling cotton-wool, described by Perkin (J., 1896, 69 , 1495); the 
anilic acid had m. p. 154 — 155°. 

The Technological Museum, Guy’s Hospital Medical School 
Sydney, N.S.W. (Univebsity op London), S.E. 1. 

[Received, January 27th, 1930.] 


INI— Derivatives of 3-Keto-2 : 3-dihydrothio- 
naphthen 1 : 1-Dioxide. 

By Aaron Cohen and Samuel Smiles, 

Certain members of this group were required in connexion with 
other experiments, but no systematic method of obtaining them 
was available. Treatment of 3-keto-2 : 3-dihydrothionaphthen 
with hydrogen peroxide gives the parent substance (II, R = H) 
in poor yield (Lanfry, Compt. rend., 1912, 154 , 1517), but the 
method is untrustworthy for the preparation of derivatives. Price 
and Smiles (J., 1928, 2860) prepared 3-keto-2-^-nitrophenyl- 
2 : 3-dihydrothionaphthen 1 : 1-dioxide (II, It — ^-N0 2 *C 6 H 4 ) from 
the sulphone ester (I, It = p-N0 2 *C 6 H 4 ) derived from o-carboxy- 
benzenesulphinic acid, and the carbethoxy- derivative (II, R = 
C0 2 Et) was obtained in a similar manner. 


c 6 h 4 <|; 


oo*ch 2 r 

;o 2 -ch 2 r 

(i.) 


c 6 H 4 <^gpxm 

(id 


(III.) 


This mode of synthesis has now been further studied and, with 
certain limitations, has been found satisfactory ; for instance, the 
phenyl, o-nitrophenyl, acetyl, and benzoyl derivatives (II, R = sub- 
stituent) are readily obtained by reaction of the corresponding 
sulphone esters with sodium ethoxide. 

The requisite sulphone esters (I) are often conveniently obtained 
in one operation from an alkali o - carboxyb enz enesulphinat e and the 
halogen derivative, but in cases {e.g., I, R = Ph) where esterification 
does not proceed easily under the conditions it is more convenient to 
treat the ethyl ester of the sulphone acid (III) with sodium ethoxide, 
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admixture of the product with the ether ( e.g ., IV) thus being 
avoided. 

The structural conditions necessary to this closing of the ring are 
provided by the sulphone group (compare Troeger and Kroseberg, 
J. pr. Chem ., 1913, 87, 67) and by the nature of R. For instance, in 
contrast with the corresponding sulphones, the ester of the benzyl 
sulphide (V, R = Ph) does not yield the ketodihydrothionaphthen 
with sodium ethoxide (Apitzsch, Ber ., 1913, 46, 3092), the ester of 
o-carboxyphenylmethylsulphone (I, R = H) does not give the cyclic 
sulphone, and the ethyl ester of ethylene di-o-carboxyphenylsulphone 
(as III, R = CH 2 *) is not converted into the dicyelic sulphone by this 
method; 

The stability conferred on the thionaphthen ring by the sub- 
stituents phenyl, acetyl, benzoyl, and nitrophenyl is remarkable; 
the derivatives having these substituents in the 2-position dissolve in 
warm aqueous alkali hydroxide without fission, whereas the parent 
substance is attacked by the cold reagent, yielding o-carboxyphenyl- 
methylstdphone . 


0-CH 2 P1i 
(IV ° C 6 H 4 <^=>CPh 

P w /C0 2 H (V.) 

^6«-4<. S . C H 2 E, 

Very stable polycyclic systems are easily formed from derivatives 
of type (II) : reduction of the o- nitrophenyl derivative leads 
directly to the thionaphthindole dioxide (VI), and the monophenyl- 

CeHrO-NH 

chV^n 

i 6 4 n 7i 

S0 2 -C-C e H 4 

(VI.) 

so,— C 4 — ■ i CR 

(VII.) 


hydrazones of the acetyl and benzoyl derivatives yield the thio- 
naphthapyrazole dioxides (VII, R = Me and Ph, respectively)* 

The characters of 3-keto-2-benzoyl-2 : 3-dihydrothionaphthen and 
of the corresponding dioxide (II, R = COPh) have been contrasted in 
a few typical experiments : these indicate that the latter substance 
approaches more closely to the (B-diketonic structure than the former, 
which behaves as a 2-hydroxy-ketone. For example, the thio- 
naphthen is easily acetylated and yields only a monophenylhydrazone 
(Hart and Smiles, J., 1924, 125, 876), but the corresponding dioxide 
gives a diphenylhydrazone and cannot be acetylated under com- 
parable conditions. The relationship is also well illustrated by the 
instability of the borodiaeetate of the dioxide (VIII) in comparison 
with the stability of the characteristic derivative (VIII with S in 
place of S0 2 ) of the thionaphthen. This relationship accords with 
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the observations of McClelland (J., 1929, 1590) that sulphur in the 
ortho-position to carbonyl favours enolisation of the latter by 



increasing the negative character of the oxygen, whereas conversion 
of the sulphide into the sulphone lessens the activity of the sulphur 
as a source of electrons and thus moderates the enolic tendency of the 
carbonyl oxygen. 

The halogen derivatives of this series exhibit interesting features. 
Bromination proceeds easily at the 2-position when available 
hydrogen is present. The parent substance (II, R = H) yielded the 
2 : 2 - dibromo - deri vat i ve , and the monobromo - derivative (IX) could 
be obtained only by decomposition of the unstable 2-bromo-2- 
carbethoxy-compound (IX with C0 2 Et in place of H) ; other 
bromine derivatives of the 2-substituted ring (II with Br in place 
of H) were more stable. 

In accordance with the known character of the sulphone group and 
with the observations of Macbeth and his co-workers (J., 1922, 121, 
892, 904, 1116) on substances of analogous type, the halogen in the 
2-bromo-derivatives is removed as hypobromite by alkali hydroxide, 
being replaced by hydrogen, except in the mono- and di-bromo- 
compounds, where the process is modified by fission of the sulphone 
ring system. Moreover, in the monobromo-derivatives (IX, and 
II with Br in place of H) the halogen quantitatively liberates iodine 
from potassium iodide. These reactions appear to be characteristic 
of chlorine or bromine in the 2-position. Nitrous acid also attacks 
hydrogen in this position : in the parent substance replacement is 
complete, the nitroso-derivative undergoing further substitution 
{compare Friedlander, Ber 1908, 41, 227), but with the 2-phenyl 
derivative oxidation ensues, the oxide (X) being formed. This oxide 
is devoid of basic character and the corresponding 2-bromo-deriv- 
atives do not exhibit the properties of salts. 

These facts give useful information concerning the structure of the 
product obtained by the action of excess of nitrous acid on the 
2 -p-aminophenyl derivative. The red crystalline material thus 
formed is basic in character and the chloride, from which the base is 
regenerated by hydrolysis, furnishes a ferrichloride and a chloro- 
platinute. In composition the base conforms with the structure 
(XI), but this arrangement, which involves the association of 
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hydroxyl with the 2-carbon atom, cannot be adopted, since the- 
2-oxide is entirely lacking in basic character. Similarly, the associ- 
ation of halogen with the 2 -position of the thionaphthen nucleus 
(XI with Cl in place of OH) cannot be admitted in the case of the 
chloride or bromide ; these salts are merely hydrolysed by water or 

(XI.) 0 6 H 4 4 0 0>C<§^°H C 6 H 4 4o 2 > c:G 6 H 4<oh (XrL) 
(xiii.) ^c e H 4 <g5 >c:c 6 h 4 :o^ h ] x 

dilute alkalis and do not exhibit the characteristic behaviour of the 
2-bromo-derivatives (IX, and II with Br in place of H), which 
liberate hypobromite on treatment with such agents. Moreover, a 
quinolide structure (XII) similar to that proposed by Gomberg 
( J. Amer. Chem . Soc ., 1913, 35, 1035) for one of the isomeric forms of 
4-hydroxytriphenylcarbinol and analogous substances is unaccept- 
able, since removal of water from the base in question is effected only 
with difficulty, prolonged heating in a vacuum in presence of phos- 
phoric oxide being necessary. On the other hand, the formation 
and properties of the base and salts are well expressed by the 
formula XIII (X = OH or Cl) in which the kation is formed by co- 
ordination of hydrogen with the carbonyl group of the quinone. 
This view accords with those of Pfeiffer ( e.g ., Annalen, 1917, 413, 
328) on the nature of salts formed by substances containing the 
carbonyl group. 

Experimental. 

3-Keto-2-benzoyl-2 : 3 -dihydrothionaphthen 1 : 1- Dioxide (II, R> = 
COPh). — (a) A concentrated solution of co - bromoacetophenone 
(23 g.) was added to an alcoholic solution of o-carboxybenzene- 
sulphinic acid (10 g.) (J., 1928, 2860) which had been neutralised with 
concentrated aqueous potassium hydroxide. When the mixture was.* 
boiled, potassium bromide separated (J hour) ; the cooled liquid 
yielded a further quantity of this salt together with phenacyl* o- 
carboph&mcylphenylsulphone (I, R = COPh). This substance (70% 
yield) separated from acetone-alcohol in needles, m. p. 164° (Pound : 
C, 65*1; H, 4*5; S, 7*5. C 23 H 18 0 6 S requires C, 65*4; H, 4*3; 
S, 7*6%). A solution of this ester (8 g.) in alcohol (50 c.c.) in which 
sodium (0*4 g.) had been dissolved was boiled for 30 minutes and the 
solvent was then evaporated after the addition of water. Benzoyl- 
carbinol was removed by solution in ether and the aqueous liquid was* 
mixed with an excess of dilute sulphuric acid. 3-Keto~2-benzoyl - 
2 : Z-dihydrothionaphtKm l : 1-dioxide, which separated in 66% yield, 
crystallised from benzene in plates, m. p. 188° (Pound : C, 62*6; 
H, 3*6 ; S,11*0. C 15 H 10 O 4 S requires C, 62*9; H,3*5; S, 11*2%). 
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(6) 3-Keto-2-benzoyl-2 : 3-dihydxothionaphthen (0*5 g.), suspended 
in acetic acid (10 c.c.) to which hydrogen peroxide (1 c.c. of 30%) had 
been added, dissolved after 2 days and the oxidation product, 
which was identical with the substance obtained as described above, 
separated. 

The substance was recovered unchanged from 10% sodium 
hydroxide solution after 3 hours' boiling and attempts to obtain an 
acetyl or benzoyl derivative by the usual methods were unsuccessful. 
The diphenylhydmzone , m. p. 243° after crystallisation from alcohol, 
was obtained from the substance (1 mol.) and phenylhydrazine 
(3 mols.) in boili n g concentrated benzene solution (Found : N, 12*2. 
requires 1ST, 12-0%). 

When the preparation of a monophenylhydrazone of 3-keto- 
2-benzoyl-2 : 3-dihydrothionaphthen 1 : 1-dioxide was attempted by 
boiling an alcoholic solution containing phenylhydrazine (1 mol.), 
1 : 3~diphenylthionaphtkapyrazole 5 : 5-dioxide (VII, R = Ph) was 
obtained : this crystallised from acetone in prisms, m. p. 225°, which 
were insoluble in alkali and responded to Knorr's pyrazole test (Ber,, 
1893, 26 , 100) (Found : N, 8-2 ; S, 8-8. C 21 H 14 <XN 2 S requires N, 
7*8; S, 8*9%). 

The borodiacetate (VIII) separated in lemon-yellow needles, m. p. 
220° (decomp.), when a boiling solution of the substance (II, 
R = Ph) in acetic anhydride containing boroacetic anhydride was 
cooled. It was easily decomposed by cold water, yielding the parent 
substance (II) ; analysis was made by weighing this product (Found : 
C 15 Hi 0 O 4 S, 68*9. C 19 H 15 0 8 SB requires C 15 H 10 O 4 S, 69*2%). For 
comparison, the borodiacetate of 3-keto-2-benzoyl-2 : 3-dihydro- 
thionaphthen (VUI with S in place of S0 2 ) was prepared in a similar 
manner : it formed red prisms which were very slowly decomposed by 
boiling water (Found : C 15 H 10 O 2 S, 67*1. C 19 H 15 0 6 SB requires 
- C 15 H 10 O 2 S, 66*7%). 

3-Keto-'2-phenyl-2 : 3 - dihydrotMonaphihen 1 : 1 -Dioxide (II, R = 
Ph). — (a) Alcohol (50 c.c.) which contained benzyl chloride (6*8 g.) 
and the potassium salt of o-carboxybenzenesulphinic acid (14*2 g.) 
was boiled for 3 hours. When the potassium chloride had been 
removed, the sparingly soluble potassium salt (7*8 g.) of o -carboxy* 
phenylbenzylsulphone (III, R .== Ph) separated. The acid, liberated 
in the usual manner, crystallised from water in needles, m. p. 126 — 
128° after dehydration at 100° (Found : C, 60*8 ; H, 4*3 ; HgO, 6*2. 

requires C, 61*1 ; H, 4*0; H 2 0, 6*1%). The methyl 
ester (1 mol.), prepared from the silver salt, was heated for 20 minutes 
with alcohol which contained sodium ethoxide (1 mol.) ; the solvent 
was then evaporated, and an aqueous extract of the residue treated 
with an excess of dilute sulphuric acid. Z-Keto-2-phenyl-2 : 3-di- 
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hydrothionaphthen 1 : l -dioxide, obtained in 60% yield, crystallised 
from acetone-alcohol in prisms, m. p. 174° (Found : C, 65*0 ; H, 3*9. 
Ci 4 Hi 0 O 3 S requires C, 65 • 1 ; H, 3 *9 %) . The yellow alkaline solution 
yielded unaltered material after 2 hours 5 boiling. 

(b) This phenyl derivative was also obtained by boiling a solution 
of potassium o-carboxybenzenesulphinate (T mol.) in alcohol which 
contained benzyl chloride (2 mols.) and treating the resulting solution 
with sodium ethoxide as usual. When the solvent and other volatile 
materials had been removed in steam, the remaining aqueous 
alkaline solution gave the 2-phenyl derivative in 15% yield on treat- 
ment with acid. An equal quantity of material which was insoluble 
in the alkali was identified with the benzyl ether (IV) of 3-hydroxy- 
2-phenylthionaphthen 1 : 1 -dioxide synthesised from the 2-phenyl 
derivative (II, R = Ph) and benzyl chloride in alkaline solution : it 
separated from acetone-alcohol in prisms, m. p. 146° (Found : 
C, 72*4; H, 4*6; M, 357., C 21 H 16 0 3 S requires C, 72*4; H, 4*6%; 
-¥,348). 

3 -Keto-2-acetyl-2 : 3-dihydroihionaphthen 1 : 1 -Dioxide (II, R = 
COCH3). — Alcohol (75 c.c.) which contained monochloroacetone 
(15 g.) and the potassium salt prepared from o-carboxybenzene- 
sulphinic acid (15 g.) was boiled for 5 hours. The solution, which 
contained the sulphone ester (I, R = COCH 3 ), was treated with 
sodium ethoxide in the usual manner. * Half the volume of solvent 
was evaporated and the material which separated from the cooled 
residue was purified from water (charcoal). The required product 
was liberated from the aqueous solution by dilute mineral acid ; it 
separated from benzene-ligroin in prisms, m. p, 164° (Found : C, 
53*5; H, 3*7. C 10 H 8 O 4 S requires C, 53*6 ; H, 3*6%). The ketone 
was recovered unchanged from a boiling alkaline solution. Attempts 
to prepare the substance by oxidation of 3-keto-2-acetyl-2 : 3-di- 
hydrothionaphthen with hydrogen peroxide were unsuccessful, 
the chief product being “ thioindigo. 55 

The monophenylhydrazone was obtained by boiling an alcoholic 
solution of the ketone with phenylhydrazine (slightly more than 
1 mol.) for 3 hours. It crystallised from alcohol in yellow needles, 
m. p. 210°, which were soluble in aqueous alkali (Found: C, 61*1; 
H, 4*8; N, 9*2. C 16 H 14 0aN 2 S requires C, 6M ; H,4*8; N, 8*9%). 
When a solution of the phenylhydrazone in acetic acid containing a 
few drops of sulphuric acid was warmed at 90° for 1 hour, dehydration 
was effected and l-phenyl-3-methylthionaphthapyrazole 5 : 5-dioxide 
(VII, R *= CH 3 ) was produced. This, isolated from the fluor- 
escent solution by dilution, formed prisms, m. p. 180°, which were 
insoluble in alkali or acid (Found ; N, 9*7. requires 

N, 9*5%). The substance responded to Knorr’s pyrazole test. 
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3-Keto-2-o-nitrophenyl-2 : 3-dihydrothionaphthen 1 : 1 - Dioxide (II, 
It = o-N0 2 *C 6 H 4 ).— The o -nitrobenzyl ester (I, It — o-NXVCeBy 
of o-carboxyphenyl-o-nitrobenzylsulphone was prepared from o-nitro- 
benzyl chloride and potassium o-carboxybenzenesulphinate in the 
usual manner; it separated from aqueous acetone in plates, m. p. 
156° (Found: C, 55*1; H, 3*7; N, 5*9. C 21 H 16 0 8 N 2 S requires 
C, 55*3; H, 3*5; N, 6*1%). A solution of this substance (5 g.) in 
alcohol (100 c.e.) in which sodium (0*25 g.) had been dissolved was 
boiled (| hour) ; the solvent was then evaporated, and the residue 
treated with water and ether. The latter solvent removed o-nitro- 
benzyl alcohol. The aqueous solution on treatment with excess of 
dilute acid yielded 3-keto-2-o-nitropJienyl-2 : 3-dihydrothionaphthen 
dioxide (2 g.), which crystallised from acetone in prisms, m. p. 
187° (Found: C, 55*3; H, 3*2. C 14 H 9 0 6 NS requires C, 55*5; 
H, 3*0%). 

Zinc dust was added to a boiling solution of the nitro-compound 
in acetic acid. The product, separated from the cooled liquid and 
crystallised from alcohol, gave thionaphthindole dioxide (VI) in 
needles, m. p. 220° (Found : G, 65*6 ; H, 3*6 ; S, 12*4. C 14 H 9 0 2 NS 
requires C, 65*9; H, 3*5; S, 12*6%). This substance was also 
prepared by oxidation of thionaphthindole obtained by McClelland 
in another manner (J., 1929, 1589). 

3-Keto-2-ip-aminophenyl-2 : 3-dihydrothionaphthen 1 : 1- Dioxide (II, 
R = j?-NH 2 *C 6 H 4 ). — A concentrated aqueous solution of sodium 
hydrosulphite was added to a warm (70°) alkaline solution (200 c.c.) 
of the sodium salt (3 g.) of the 2-^-nitrophenyl derivative (J., 1928, 
2862) until the red colour of the latter was discharged. When 
dilute acetic acid was added to the cooled mixture, the required 
amino-derivative ( 1 *5 g. ) was liberated. This separated from alcohol 
in yellow prisms, m. p. ca. 180°, which were too unstable for further 
purification. It was characterised by the acetyl derivative, which 
formed plates, m. p. 226°, from acetic acid (Found; C, 60*6; H, 
4*3. C 16 H 1? 0 4 NS requires 0, 60*9 ; H, 4*1%). 

Ethylenedi-o-carboxyphenylsulphone (as III, R = CH 2 *). — Alcohol 
(50 c.c.) which contained ethylene dibromide (5 g.) and the potassium 
salt derived from 10 g. of o-carboxybenzenesulphinic acid was boiled 
(4 hours)* The solvent was then evaporated and ethylene dibromide 
was removed from the residue by a current of steam. The aqueous 
solution (charcoal) was mixed with excess of sulphuric acid (60%). 
The product liberated (40% yield) crystallised from acetone in 
needles, m. p. 250° (Found : C, 47*8 ; H, 3*7. C 16 H 14 0 8 S 2 requires 

C, 48*2; H, 3*5%). Boiling thionyl chloride converted it into the 
chloride, from which the ethyl ester was obtained in good yield. 
Tins formed plates from alcohol and had m. p. 150° (Found: 
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0, 52-7; H, 5*0; S, 14*2. C 20 H 2 <>O 8 S 2 requires C, 52*8; H, 4*8; 
S, 14*1%). 

2-j Bromo-derivatives, — These substances, except the raonobromo- 
derivative of the parent compound, were obtained by the direct action 
of the necessary amount of bromine in a suitable solvent, usually 
acetic acid, and were isolated by dilution with water. 

2 : 2-Dibromo-3-Jceto-2 : 3-dihydrothionaphthen 1 : 1-dioxide (IX 
with Br in place of H) crystallised from alcohol in needles, m. p. 148°. 
It liberated iodine from acidified aqueous potassium iodide. Halo- 
gen was determined in this manner (a) and also by the usual method 
(6) [Found : Br, (a) 47*2, (6) 47*1. C s H 4 0 3 Br 2 S requires Br, 47-1%]. 
The substance dissolved in warm aqueous alkali and the solution 
was found to contain carboxylic acids, evidently produced by 
rupture of the thionaphthen ring system. 

2-Bromo-3-keto-2 : 3-dihydrothionaphthen 1 : l -dioxide (IX). A 
suspension of the 2-carbethoxy-derivative (Feist, Ber., 1925, 58, 
2311) (2 g.) in acetic acid was heated together with a solution of 
bromine (1*4 g.) in the same solvent for 1\ hours, carbon dioxide being 
liberated. The product, isolated in the usual manner, crystallised 
from benzene in needles, m. p. 149 — 150° [Found : C, 36*9 ; H, 
2*0; Br, (a) 30*7, (b) 30*2. C 8 H 5 0 3 BrS requires C, 36*8; H, 1*9; 
Br, 30*6%]. It was decomposed by warm aqueous alkali, the ring 
suffering fission and bromine being eliminated. 

2-Bromo-3-Jceto-2-benzoyl-2 : 3-dihydrothionaphthen 1 : 1 -dioxide 
(IX with COPh in place of H) crystallised from alcohol in needles, 
m. p. 168° (Found: Br, 22*1. C 16 H 9 0 4 BrS requires Br, 21*9%). 
It dissolved in warm aqueous sodium acetate, and acid liberated 
the original 2- benzoyl compound from the solution. 

2-Bromo-3-heto-2-phenyl-2 : 3-dihydrothionaphthen 1 : 1-dioxide (IX 
with Ph in place of H) formed plates, m. p. 170°, from which aqueous 
sodium acetate removed halogen, replacing it by hydrogen (Found ; 
Br, 23*7. C 14 H 9 0 3 BrS requires Br, 23*8%). 

2-Bromo-3-keto-2-p-nitrophenyl-2 : 3 - dihydrothionaphthen 1 : 1-di- 
oxide (as IX) formed plates, m. p. 155°, from acetic acid. The 
substance behaved in the usual manner with warm sodium acetate 
solution (Found ; Br, 20*8. C 14 H 8 0 5 NBrS requires Br, 20*9%), 
None of these bromine derivatives yielded perbromides or additive 
compounds with metallic bromides. 

The 2-Oxide of 3-Keto-2-phenyl-2 : 3-dihydrothionaphthen 1 : 1 -Di- 
oxide (X). — (a) , Concentrated hydrochloric acid (3 c.c.) was slowly 
added to alcohol (25 c.c.) which contained 3-keto-2-phenyl-2 : 3-di- 
hydrothionaphthen dioxide (1 g.) and ethyl nitrite (2*7 c.c. of 15% 
solution) and the mixture was warmed at 90° for £ hour. The 
product (0*8 g.), obtained on cooling, separated from benzene, on 
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addition of light petroleum, as a microcrystalline powder, m. p. 
220° (Found : C, 63*5; H, 3-7; M, 515. C 28 H 18 0 7 S 2 requires C, 
63*4 ; H, 34%; M, 530). 

(b) Chromic acid (0*25 g.) was added to acetic acid (15 c.c.) which 
contained the above phenyl derivative (1*1 g.), and the mixture was 
warmed and then diluted with water. After purification, the 
product (1 g.) was identified with that obtained in (a). 

When 3-keto-2 : 3-dihydrothionaphthen 1 : 1-dioxide was treated 
with an excess of nitrous acid under similar conditions to the above, 
a substance was obtained in almost quantitative yield. It formed 
plates, which decomposed at 173°, and gave a red solution in cold 
aqueous alkali; in the warm reagent, decomposition took place, 
o-carboxybenzenesulphinic acid being formed (compare Friedlander, 
loo, cit.) (Found : C, 42*3; 1ST, 94; S, 14*0. C 16 H 9 0 9 N 3 S 2 requires 
C, 42*5; N, 9*3; S, 14*1%). From these data the substance appears 
to be a nitroso-oximino derivative containing the structure 
^>C(fSrO)*N(OH)*C(I^O)<^ formed by complete replacement of the 
2-hydrogen atoms in the parent substance (II, E = H). 

3-Keto-2 -benzoyl-2 : 3-dihydrothionaphthen 1 ; 1 -dioxide was not 
attacked by nitrous acid. 

3-Keto-2--p-quino-2 : S-dihydrolMoriaphihen 1 : 1-Dioxide Hydroxide 
(X3H, X = OH). — A solution of sodium nitrite (1 g. in 10 c.c.) was 
slowly added to a cold solution of 3-keto-2-p-aminophenyl-2 : 3-di- 
hydrothionaphthen 1 : 1 -dioxide (4 g.) in concentrated hydrochloric 
acid (10 c.c.). The crystalline material which separated was washed 
with aqueous sodium acetate, with water, and with ether. It formed 
deep red plates, which decomposed at 123° (Found : C, 58*1 ; 
H, 3*3; H 2 0, 6*1. C 14 H 8 0 4 S,H 2 0 requires C, 57*9; H, 3*4; H 2 0, 
6*2 %) . The substance dissolved in warm concentrated hydrochloric 
acid, and when chloroplatinic acid was added to the solution the 
chloroplatinate was precipitated in the crystalline state [Found: 
Pt, 19*9. (C 14 H 8 0 4 S,HCl) 2 FtCl 4 requires Ft, 20*4%]. The /em- 
cMoride was obtained in orange crystals by a similar method (Found : 
Fe, 12*6. C 14 H 8 0 4 S,HCl,FeCl 3 requires Fe, 11 *9%). Both salts were 
unstable in presence of moisture and decomposed when heated. 
When a solution of the chloride was diluted; the hydroxide was 
produced. 

King’s College, London. [Received, January. 11 th , 1930.] 



THE INTERACTION OE ETHYL Z-MANDELATE, ETC. 


415 


LVIL — The Interaction of Ethyl l-Mandelate and 
Thionyl Chloride in the Presence of Pyridine . The 
Mechanism of the Replacement of Hydroxyl by 
Chlorine by Means of Thionyl Chloride . 

By Joseph Kenyon, Alfred George Lipscomb, and 
Henry Phillips. 


When a lsevorotatory hydroxy-acid or its ester is treated with 
thionyl chloride, the chloro-acid or ester produced is dextrorotatory ; 
e.g., ethyl Z-malate is converted into ethyl d-chlorosuccinate (McKen- 
zie and Barrow, J., 1911, 99, 1910) : 

Z-Et0 2 C’CH 2 *CH(0H)’C0 2 Et — >- cZ-Et0 2 C*CH 2 *CHa*C0 2 Et. 

McKenzie and Clough (J., 1910, 97, 2564) discovered, however, that 
thionyl chloride behaves differently towards hydroxy-acids (and 
esters) containing a phenyl group directly attached to the asym- 
metric carbon atom, since from these compounds it produces chloro- 
acids (and esters) with the same sign of rotation as the parent 
hydroxy-compound ; e.g., ethyl Z-mandelate is converted into ethyl 
Z-phenylehloroacetate (McKenzie and Barrow, loc. cit.). It has 
now been found that if ethyl Z-mandelate is first dissolved in a ter- 
tiary base (pyridine, quinoline, or isoquinoline) and then treated 
with thionyl chloride, ethyl d-phenylchloroacetate ' is obtained 
instead of ethyl Z-phenylchloroacetate. The following changes have 
therefore been realised : 


Ph 


<Z- 


JL 


.01 sou. 


+o 5 b: 6 n 


Z- 

Ph^^OH 

EtO.O^SH 



These results are the more surprising since Z-^-octanol is converted 
into d-p-chloro-octane by thionyl chloride both in the absence 
(Levene and Mikeska, J. Biol . Chem ., 1924, 59, 45) and in the" 
presence of pyridine (McKenzie and Tudhope, ibid t> 1924, 62, 551) : 


tO SS>°<§0[ 


There can be little doubt that the mechanism of the interaction of 
thionyl chloride with hydroxy-compounds is modified by the 
presence of a tertiary base. The work now described suggests, 
however, that such modification only determines the sign of rotation 
of the resulting chloro-compound when a phenyl group is directly 
attached to the asymmetric carbon atom. 

In the paragraphs below, the results of the experiments are 
briefly described and then the mechanisms of the chlorination 
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reaction of thionyl chloride in the presence and in the absence of 
pyridine are discussed. An explanation is al‘so put forward to 
account for the difference in behaviour of hydroxy-compounds which 
contain an aromatic radical. 

Results of the Experiments . — Thionyl chloride (1 or 2 mols.) was 
added slowly to an ice-cold solution of ethyl Z-mandelate and the 
tertiary base (1 or 2 mols.) in about five volumes of dry ether. After 
the initial vigorous reaction had ceased, the reaction mixture was 
warmed on a steam-bath for 30 minutes. Water was then added, 
and the product extracted with ether. The ethereal extract was 
washed with dilute hydrochloric acid and dried, and the product 
isolated and distilled. The ethyl d-phenylchloroacetate obtained 
was sometimes contaminated with ethyl Z-mandelate, particularly 
in those experiments in which the Z-ester was dissolved in only one 
molecular proportion of the tertiary base. This was most probably 
due to incomplete reaction under the mild experimental conditions 
employed, which were chosen to minimise the interaction between 
the chloro-ester produced and the tertiary base. 

In Table I are recorded the rotatory powers of the ethyl cZ-phenyl- 
chloroaeetate and of the mixtures of ethyl cZ-phenylchloroacetate 
and ethyl Z-mandelate which were isolated. The percentages of 
^-chloro-ester in the mixtures were calculated from the percentages 
of chlorine which they were found to contain. For purposes of 
comparison, the rotatory power of the ethyl Z-phenylchloroacetate 
prepared by McKenzie and Barrow (loc. cit.) is also included in the 
Table. The observed rotatory power of this Z-ester ([a ] 546l3 1 — 1*0) 
was calculated from the recorded value ([oc] 5893 , l — 1*0) by aid of 
the dispersion ratio a 5893 /a 5461 0-816, which was determined for 
this purpose. 

Table I. 

The Observed Rotatory Powers of Ethyl Phenylchloroacetate prepared 
from Ethyl l-Mandelate by Means of Thionyl Chloride in the 
Presence of Tertiary Bases. 


Tertiary base used. 

Observed 
rotatory 
power, [a] M „ 

% Ethyl 
phenylehloro- 
acetate in 

.% Cl 
in the 

(l = 1-0). 

the product. 

product, 

None (McKenzie and Barrow) ,, 

- 91*3° 

100*0 

Pyridine. 

1 mol. ; SOCl 2r 1 mol. 

+ 41*2 

63*3 

11*3 

2 mols. ; S0Cl 2 , 2 mols 

4- 122*0 

100*0 

18*0 

Quinoline. 

I mol. ; SOCUrl mol. 

4- 107*2 

83*3 

14*9 

2 mols.; SOCl 2 , 2 mols 

+ 116*2 

100*0 

17*7 

zsoQmnoline. 

1 mol. ; SOCl 2 , 1 mol 

+ 114*4 

100*0 

18-2 

2 mols.; SOCl 2 , 2 mols. 

+ 73*0 

88*4 

15-8 


* Ethyl phenylchloroacetate contains 17*9% Cl. 
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It will be seen that the magnitudes of the rotatory powers of the 
ethyl cZ-phenylchloroacetate obtained in these experiments were 
higher than that of the Z-ester obtained by means of thionyl chloride 
alone. They are also greater than the rotatory power of the cZ-ester 
obtained by Walden (Ber., 1895, 28, 1287) by the action of phos- 
phorus pentachloride on a solution of ethyl Z-mandelate in chloro- 
form. The rotatory power of this ester was [a] 5893 + 25T9 0 , from 
which it can be calculated that it had oc 5461 + 37*0° (Z = 1*0). 

The Interaction of Thionyl Chloride with l-^-Octanol and Ethyl 
1-Mandelate in the Presence of Pyridine . — The reaction between 
thionyl chloride and an alcohol takes place in two stages. The 
alcohol is first converted into a chlorosulphimc ester, and this ester 
then loses sulphur dioxide and forms the chloride. In the case of 
d-amyl alcohol, McKenzie and Clough (J., 1913, 103, 698) were able 
to isolate the d-amyl chlorosulphinate and showed that by heating 
to 120° it was converted into d-amyl chloride. Similarly, Frankland 
and Garner (J., 1914, 105, 1101) have isolated ethyl d-a-chloro- 
sulphinoxypropionate. Attempts made in these laboratories to 
isolate Z- (3- octyl chlorosulphinate from the product of the interaction 
of Z-p-octanol and thionyl chloride have been unsuccessful, the sole 
product obtained in every experiment being d- p-chloro-octane. 
Nevertheless, it is probable that this reaction, as with d-amyl alcohol, * 
also occurs in two stages, and that the chlorosulphinic ester, which 
is the product of the first stage of the reaction, is difficult to isolate 
owing to its instability. 

Z-C 8 H 17 -OH + SOCl 2 = Z-C 8 H 17 *0-S0C1 + HC1. 
Z-C 8 H 17 -OSOC1 = d-C 8 H 17 Cl + S0 2 . 


If pyridine were present, it could take part in both stages of the 
reaction. It could facilitate the formation of the chlorosulphinate, 
and also aid its decomposition by combining with it to form the 


unstable intermediate complex (I), a pyridinium chloride.' 

1 CH S / %0— s— Z Et0 2 C/ ?\o— s— 

Cl + Cl + V 

(I.) ' (XI.) 


A similar unstable pyridinium chloride (II) might also arise during 
the reaction between ethyl Z-mandelate and thionyl chloride in the 
presence of pyridine. The constitutions assigned to (I) and (II) 
involve few, if any, assumptions. It is also considered that they 
emphasise certain important characteristics of the unstable inter- 
mediate complexes the formation of which can be postulated in 
many reactions which lead to a Walden inversion. Iii previous 
Q 
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papers two reactions have been described which are known, with 
some degree of certainty, to take place with a Walden inversion. 
One is the conversion of p-toluenesulphonic esters into carboxylic 
esters (Phillips, J., 1923, 123, 44; 1925, 127, 2566; Kenyon, 
Phillips, and Turley, ibid., p. 399; Gough, Hunter, and Kenyon, 
J., 1926, 2052), and the other the conversion of Z-p-octyl p-toluene- 
sulphinate into d-(3-octanol (Houssa, Kenyon, and Phillips, J., 
1929, 1700). The results obtained with the jp-toluenesulphinate and 
the p-toluenesulphonate of Z-p-octanol were as follows : 


OgH-jov /H — 

z- 13 \c/ O 

CK/ X)— s— c 7 h, 

+ 


i Ce&13 \ c/ H + c 7 h 7 -so 2 ci. 




z- - "X +?+ 

Y X 0— S— C,H 


ko,c-ch 3 


d- 




CHo 


CH 


>U<f + c 7 h 7 -so 2 -ok. 
/ N>coch 3 


0 


It was also found (Houssa, Kenyon, and P h i l lips, loc. cit.) that 
d-P-chloro-octane could be obtained either by the action of chlorine 
* on the Z-sulphinie ester or by the action of lithium chloride on the 
Z-sulphonic ester. It was considered highly probable that these 
reactions were also accompanied by an inversion, since they were 
similar to the corresponding reactions with hypochlorous acid and 
potassium acetate. On this assumption, d-$- chloro - octane has the 
same configuration as d-p-octanol. Houssa, Kenyon, and Phillips 
{loc. cit.), abandoning the a-hydrogen hypothesis of Phillips {loc. 
cit.), made use of the revised structural formulae for p-toluene- 
sulphinic esters (Phillips, loc. cit p, 2552) and sulphonie esters 
(Sugden, Reed, and Wilkins, J., 1925, 127, 1525), and suggested 
that during the reactions, mentioned above, which lead to the 
formation of cZ- (3 -chloro -octane, the intermediate complexes (III) 
and (IV) were formed. 


° 6 1S \c/ H 0 
ch 3 /_\o— a— c 7 h 7 
ci , ci 
era-) 




OH. 


_\o- 

C1 


Li+ 

-s- 


c 7 h 7 


(iv.) 


On comparing the constitutions assigned to these two complexes, 
the decomposition of which is accompanied by a Walden inversion, 
with those assigned to the complexes (I) and (II), certain striking 
similarities are found. In all four the group about to sever its 
union with the asymmetric carbon atom has become preponderantly 
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positive in character. Further, the chlorine atom, about to unite 
with the asymmetric carbon atom, exists in each case as a negative 
ion. It is also noteworthy that intermediate complexes possessing 
these two characteristics may also be formed during two other 
reactions, by the aid of which, and according to the conclusions of 
Houssa, Kenyon, and Phillips (loc. tit.), Z-p-octanol can be converted 
into eZ-P-chloro-octane. These are the interaction of Z-P-octanol 
and hydrogen chloride (V) (Pickard and Kenyon, J., 1911, 99, 45) 
and the interaction of Z-p-octyl chlorocarbonate and pyridine 
(Houssa and Phillips, J., 1929, 2510) (VI). 


(V.) Z- 


c 6 h 13 \ 


/ H 

>c< + 

_\o— H 
Cl H 




~\\ (VI.) 


4 <_> 


By the interaction of Z-(3-octanol and thionyl chloride, in the 
presence of pyridine (I), d-p-chloro-octane is produced and therefore 
this reaction can also be assumed to take place with inversion of 
configuration. It thus appears that in all the reactions by which 
Z-p-octanol, Z-p-octyl p-toluenesulphonate or p-toluenesulphinate 
can be converted into (3-chloro-octane a Walden inversion occurs. 
Moreover, each of these reactions and also those by which Z-P-octyl 
p-toluenesulphonate is converted into carboxylic esters of cZ- p-octanol, 
and Z-p -octyl p-toluenesulphinate into cZ-P-octanol, all pass through 
a phase in which unstable intermediate complexes, possessing certain 
notable characteristics in common, are produced. 

It will be assumed that since, during the reaction between ethyl 
Z-mandelate and thionyl chloride in the presence of pyridine, the 
formation of an intermediate complex of the same type may also 
be postulated, this reaction is accompanied by a Walden inversion : 
in other words, that ethyl Z-phenylchloroacetate has the same 
configuration as ethyl Z-mandelate. It follows, therefore, on this 
assumption, that the interaction of ethyl Z-mandelate and phos- 
phorus pentachloride is also attended by a configurative change. It 


is significant that here again the same type of intermediate complex 
(VII) may arise. 



A general idea underlying most of the theories of the Walden 
inversion (Fischer, Annalen, 1911, 381, 132; Werner, Ber., 1911, 
44, 881; Pfeiffer, Annalen, 1911, 383, 123; Gadamer, Chem. Ztg. 9 
1912, 36, 1327 ; Lowry, Deuxieme Gomtil de Chmiie. Solvay , 1925, 
40) is that in such reactions the entering group attaches itself to 
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the opposite side of the asymmetric molecule to that occupied by 
the group to be displaced. It is essential, therefore, for the occur- 
rence of a Walden inversion that the entering group should be free 
to take up this position. In the unstable intermediate complexes 
of the inversion reactions described in this paper, the entering 
group, the chlorine anion, is always available to assume this favour- 
able position in the molecular complex, before the groups to be 
displaced leave the asymmetric carbon atoms. 

The Interaction of Thionyl Chloride with 1-] l-Octanol and Ethyl 
l-Mandelate in the Absence of Pyridine. — With l-^-octaml. Levene 
and Mikeska ( loc . cit.) have shown that the action of thionyl chloride 
on Z-(B- oetanol in the absence of pyridine leads to the formation of 
d-p-chloro-octane ; hence a Walden inversion occurs, since it has 
been concluded that d- [3 -chloro- octane has the same configuration as 
d-p-octanol. Furthermore, since the inversion is unlikely to occur 
during the first stage of the reaction (as the bonds of the asymmetric 
carbon atom are not disturbed), it follows that it takes place when 
the Z- (3 -octyl chlorosulphinate decomposes. 


(Vm.) J- 


CH/M)- 


5 +HC1 G 6 H 13\ /H 5 

l- a - *• ceA 

Cl + 


. xi 

A, 


Cl 


(IX.) 


It has been found that the interaction of thionyl chloride and 
Z-p-octanol in the presence of potassium carbonate also leads to the 
formation of cZ-^-chloro- octane. This result indicates that the 
<Z-P-chloro -octane obtained in the absence of potassium carbonate 
does not arise from the interaction, as shown in (IX), of the cMoro- 
sulphinate with the hydrogen chloride produced in the first stage of 
the reaction. 

It seems reasonable to assume that when the various intermediate 
complexes, which have been postulated, decompose, the asymmetric 
carbon atoms necessarily acquire a positive charge, since, ultimately, 
they each unite with a negative chlorine ion. It is therefore possible 
that, when Z- (3 -octyl chlorosulphinate decomposes, it splits up into 
a carbonium kation, sulphur dioxide, and a chlorine anion, and that 
the d-p-chloro-octane is formed by the union of the carbonium ion 
with the chlorine ion : 


Z- ^CH*0*S-01 = (d- or l- ?) ^ ^>CH + S0 2 + Cl 


Experimental evidence, however, is still wanted which will show 
whether the formation of a carbonium kation is attended with a 
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Walden inversion and also whether the kation is capable, even 
momentarily, of a free existence in an optically active state. 

McKenzie, Roger, and Wills (J., 1926, 779) have, however, already 
described a remarkable molecular rearrangement, from the results 
of which they conclude that a carbonium ion can retain its asym- 
metry in the free state. The nature of the charge on this ion is not 
specified, but it is difficult to conceive it as being other than positive. 
These authors found that lsevorotatory ft-a m ino- aa-diphenyl- 
w-propyl alcohol was converted into a dextrorotatory ketone by 
the action of nitrous acid. The following mechanism was suggested 
for the change : 

Ph-^ r *- Me . Ph^ <V Me , ^Me v 

ph>y y< H ~ > ph>| ~ > Ph>v y<. H — 

OH NH 2 (X.) OH HONIN (XI.) J, K (XII.) 
Ph*CO'CH<p^ (XIII.) 

The weak points in this interpretation are, first, that a nitrogen 
atom in (XI) is linked to other atoms by five covalencies and, 
secondly, that it has to be assumed that the carbon and oxygen 
atoms in (XII) bear charges of the same sign (K' and K) to explain 
the absence of the stable compound, diphenylpropylene oxide, in 
the products of the rearrangement. In the interpretation of the 
change given below, the non-formation of this oxide is. accounted 
for without departing from accepted theories of valency. 



Prom this interpretation of the rearrangement it is no longer 
possible to draw the conclusion of McKenzie, Roger, and Wills that 
“ During the transposition of the phenyl group ... we are dealing 
with a reaction of substitution, the electric charge K, playing the 
part of a group and being displaced by a phenyl group. . . 
Unfortunately, therefore, this remarkable transformation cannot 
be advanced as evidence that a carbonium ion can remain optically 
active in the free state. It is, however, again significant that to 
explain this complicated change, which may lead to a Walden 
inversion, the formation of an unstable complex (XV) must fee 
postulated which contains an entering group (the phenyl group) as 
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a negative ion and a positively charged group (the nitrogen molecule) 
about to leave the asymmetric carbon atom. 

With ethyl 1 -vnandelale. McKenzie and Barrow ( loc . cit.) have 
shown that thionyl chloride, in the absence of pyridine, converts 
ethyl Z-mandelate into ethyl Z-phenylchloroacetate. It has been 
suggested that these two compounds have the same configuration 
and therefore that the reaction is not accompanied by a Walden 
inversion. As in the study of the interaction of Z-fi-octanol and 
thionyl chloride, an experiment was made to prove that the ethyl 
Z-phenylchloroacetate was not formed by the interaction of the 
products of the first stage of the reaction, namely, hydrogen chloride 
and ethyl Z-mandelylchlorosuiphinate. It was found that potassium 
carbonate (in marked contrast to pyridine) had no influence on the 
sign of rotation of the ethyl phenylchloroacetate obtained. There 
appear to be two possible mechanisms (A and B) by which the 
decomposition might take place. 



+ 




+ S0 2 + Cl. 
-f- S0 2 + Cl. 


Of these two alternatives, only (B) sharply differentiates the decom- 
position of ethyl Z-mandelylchlorosulphinate from that of Z-p-octyl 
chlorosulphinate and assigns a definite function to the phenyl 
group. This function is to confer on the asymmetric carbon atom 
the power to retain electrons during the decomposition. A phenyl 
group can function in this way, since it is strongly electron-attracting, 
whereas purely aliphatic groups, such as methyl and n-hexyl, are 
electron-donating groups, which, therefore, when attached to an 
^symmetric carbon atom, weaken its power to retain electrons. 
This mechanism also gives a satisfactory explanation of the power 
of pyridine to change the sign of rotation of the product of this 
decomposition. The interaction of pyridine with the chloro- 
sulphinate produces a pyridinium chloride (II) in which the positive 
character of the chlorosulphinoxy-group has been augmented and 
its electron-retaining power therefore increased. Hence, when the 
chlorosulphinate decomposes in the presence of pyridine, the 
increased electron-retaining power of the chlorosulphinoxy-group 
enables it to overcome the electron-retaining power conferred on the 
asymmetric atom by the phenyl group, with the result that the 
asymmetric carbon atom loses two electrons during the further 
stages of the decomposition, which now leads to a Walden inversion. 
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Experimental. 

Z-Mandelic acid, isolated from amygdalin (Freudenberg and 
Markert, Ber.,'1925, 58, 1753), was converted into ethyl Z-mandelate 
by the method of Fischer and Speier. 

The Interaction of Thionyl Chloride with Ethyl l-Mandelate and 
d-$-Odanol in the Presence of Potassium Carbonate. — With ethyl 
1-mandelate. Thionyl chloride (2*97 g.) in ether (10 c.c.) was added 
to a solution of ethyl Z-mandelate (4*5 g.) in ether (50 c.c.) containing 
recently ignited potassium carbonate (10*4 g.). The mixture was 
heated under reflux for 4 hour, the potassium carbonate and chloride 
were removed by filtration, and the ether was distilled from the 
filtrate. The residue on distillation gave a mixture of ethyl 
Z-mandelate and ethyl Z-phenylchloroacetate, b. p. 136 — 138°/ 
18 mm., with oc 5461 -30-94° (Z = 0-25) (Found : Cl, 7-7%). The 
mixture therefore contained 43% of the chloro-ester. 1*14 G. of 
ethyl Z-mandelate were dissolved in 0-86 g. of ethyl eZZ-phenylchloro- 
acetate. This solution had a 5461 —20-98° (Z = 0-25) and hence the 
ethyl phenylchloroacetate in the mixture isolated in the above 
experiment was lsevorotatory. 

With d-fi-odanol. cZ-^-Octanol (2-9 g.) in ether (30 c.c.) was 
added slowly to an agitated solution of thionyl chloride (10 g.) in 
ether (30 c.c.) containing potassium carbonate (12 g.). After 12 
hours, the ether was removed by distillation, and the residue extracted 
with ether. In this manner the reaction was completed in the 
presence of potassium carbonate. The ethereal extract, on evapor- 
ation, gave Z-P-chloro-octane (2-5 g.), b. p. 60 — 61°/14 mm. and 
«5461 -5*05° (Z = 0-25). 

The authors wish to express their thanks to the Government Grant 
Committee of the Royal Society and to Imperial Chemical Industries, 
Ltd., for grants which have defrayed the cost of this investigation. 

Battersea Polytechnic, S.W. 11. [Received, December 5tk, 1929.] 


LVIII . — Synthesis of Alkyl Naphthalenes . Part I. 

5-, 6- ? and T-Ethyl-l-methylnaphthalenes. 

By John Harvey, Isidor Morris Heilbron, and 
Donald Graham Wilkinson. 

In connexion with the study now being carried out in this laboratory 
of the structure of the naphthalene hydrocarbon C 13 H 14 obtained 
by dehydrogenation of tetracycZosqualene with sulphur (Harvey, 
Heilbron, and Kamm^ J., 1926, 3136) it became desirable to have. 
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for reasons which will be explained in a later communication, in- 
formation regarding the properties of the' methylethylnaphthalenes 
containing a methyl group in position 1 and the ethyl radical in the 
second benzene r ing . The present communication deals with the 
synthesis of the three isomerides indicated above. 

1 -Methyl-1 -ethylnaphtMlene. — o-Tolualdehyde and ethyl a-bromo- 
butyrate were condensed together in presence of zinc, whereby 
ethyl $-hydroxy-$-o4olyl- oc-ethylpropionate (I) was obtained. The 
hydroxy-ester was converted into ethyl o -methyl- a- ethylcinnamate 
(II) by treatment with phosphorus tribromide and subsequent re- 
moval of hydrogen bromide by heating with diethylaniline. [Re- 
duction of the unsaturated ester by Bouveault’s method gave the 
alcohol (III), which w r as converted through the bromide and nitrile 
(compare Ruzicka, Helv. Chim. Acta , 1922, 5, 934) into y-o-tolyl- 
$-ethylbutyric acid (IV). Ring closure was brought about by the 
action of aluminium chloride on the acid chloride of (IV), an almost 
theoretical yield of the cyclic ketone (V) being obtained. The 
ketone was reduced by Clemmensen’s method to l-methyl-1 -ethyl- 
5:6:7: S-tetrahydroimpUhalene (VI), and this on treatment with 
selenium (compare Diels, Gadke, and Kording, Annalen, ’1927, 
459, 1) gave l-methyl-1 -ethylnaphthalene. 


Me CH>OH 



(10 


Me CH 



(HO 


Me CH 2 

\y ch 2 -oh’ 

V (Br) 

(ni.) (CN) 



1 -Methyl-5-ethylnapMwlene . — o-Tolualdehyde was condensed with 
ethyl acetate in presence of sodium, as described by Young (Ber., 
1892, 25, 2102), to ethyl o-methylcinnarnate (VII), which was reduced 
with sodium and alcohol, in the apparatus described by Rupe and 
Lauger (Helv. Chim . Acta, 1920, 3, 272), to y-o-tolylpropyl alcohol 
(VIU). The alcohol was converted through the bromide and the 
nitrile into y-o-tolylbutyric acid (IX), from which 5-keto-l-methyl- 
5 : 6 : 7 : 8-te$mhydronaphthahne (X) was obtained by the action of 
aluminium chloride on the acid chloride. The ketone on treatment 
with magnesium ethyl iodide yielded the hydroxy-compound (XI), 
which, on distillation or on heating with acetic anhydride, lost 
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water, giving 1 -meihyl-5-ethyl-l : 8 - dihydronaphihalene (XII). De- 
hydrogenation of this hydrocarbon by means of selenium gave the 
required l-methyl-5-ethylnaphthalene. 


Me CH 



(X) 


Me 



1 -M ethyl-6- ethyl?iapMhcdene. — 2-Methylstyryl ethyl ketone (XIII), 
prepared by the condensation of o-tolualdehyde with methyl ethyl 
ketone in presence of alkali, on hydrogenation in presence of colloidal 
palladium, gave (3-o -tolyldieihyl ketone (XIV), and this on reduction 
with sodium gave a satisfactory yield of y-o-tolyl-oc-ethylpropyl 
alcohol (XV), from which y-o-tolyl-a-ethylbutyric acid (XVI) was 
readily obtained in the usual manner. The acid was converted 
into its acid chloride , which on treatment with aluminium chloride 
gave an almost quantitative yield of 5-keto-I-methyl-Q-ethyl- 
5:6:7: 8 -tetrahydronaphthalene (XVTI). On reduction of the 
ketone by Clemmensen’s method I-methyl-6-ethyl-5 : 8:7: 8-ietm- 
hydrcmaphthalene (XVIII) was formed, and this was dehydrogenated 
with selenium, giving 1 -methyl-6-ethylnaphthalene. A somewhat 
better yield of the alkylnaphthalene is obtained by reducing (XVII) 
with sodium and alcohol, whereby a mixture of carbinol and un- 
saturated hydrocarbon is produced which, without further purific- 
aMon, is treated with selenium. 



(XIII.) (XIV.) (XV.) (CN) 
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Experimental. 

Ethyl ^-Hydroxy- $-o-tolyl- x-ethylpropionate (I).- — A mixture of 
ethyl a-bromobutyrate {72 g.) and freshly distilled o-tolualdehyde 
(45 g.) was added gradually to pure zinc turnings (26 g.) covered 
with dry benzene, in a flask fitted with a reflux condenser. After 
the addition of 20 c.c, of the mixture the flask was warmed on a 
steam-bath in order to start the reaction. The remainder was then 
added in small quantities at a time so as to regulate the reaction, 
and the whole refluxed for 4 hours. The product was decomposed 
with ice-cold dilute hydrochloric acid and the benzene layer was 
separated, washed with water, and dried over calcium chloride. 
After removal of the benzene the hydroxy-ester was fractionated in a 
vacuum and obtained as a thick oil (65 g.), b. p. 164— 166°/12 mm, 
(Found : C, 70-8; H, 8-5. C 14 H 20 O 3 requires C, 71-2 ; H, 8*5%). 

Ethyl o-M ethyl- x-ethylcinnamate (II). — A solution of the hydroxy- 
ester (65 g.) in dry benzene (100 c.c.) was heated on a water-bath 
with phosphorus tribromide (85 g.) until the evolution of hydrogen 
bromide had practically ceased (5 hours). The excess of phosphorus 
tribromide was decomposed with alcohol (with ice-cooling), the 
solution poured into water, and the benzene layer separated and 
dried over calcium chloride. After removal of the solvent, the 
bromo-ester was obtained as a heavy oil (82 g.) with an irritating 
effect on the eyes. Without further purification, it was mixed with 
diethylaniline (70 g.) and heated at 180° for 4 hours. Water was 
added, the whole extracted with ether, and the excess of diethyl- 
aniline removed by repeated washing with dilute hydrochloric acid. 
The residual unsaturated ester was fractionated under reduced 
pressure, practically the whole distilling at 144°/15 mm. 

y-o-Tolyl-$-ethylpropyl Alcohol (III). — A solution of the above 
ester (45 g.) in absolute alcohol (300 c.c.) was placed in a flask fitted 
with a sealed stirrer, a reflux condenser, and a short wide inlet tube. 
The stirrer was set in rapid motion and sodium (65 g.), cut into small 
strips, was added gradually through the inlet tube to the boiling 
solution. During the course of the reduction (14 hours) more 
alcohol (200 c.c.) was added from time to time to assist the solution 
of the sodium. The liquid was diluted with water, the alcohol 
distilled, and the residual alkaline solution extracted with ether. 
The ethereal solution, after being washed with water, dried, and 
evaporated, gave 19 — 20 g. of the crude alcohol. When the aqueous 
solution was rendered acid, $-o-tolyl-oc-ethylpropionic acid was pre- 
cipitated as an oil. After being extracted in ether, it distilled as a 
thick oil, b. p. 173 — 175°/12 mm., which gradually solidified, and 
then separated from light petroleum in large colourless prisms, 
m. p. 53—54° (Found: C, 75*0; H, 8*5. C 12 H 16 0 2 requires C, 



SYNTHESIS OF ALKYL NAPHTHALENES. PART I. 


427 


75*0; H, 8*3%). The acid was esterified and reduced as described 
above ; a further quantity of y-o-tolyl- ?j-ethylpropyl alcohol was then 
obtained. The whole was distilled, and the pure alcohol collected 
as a colourless viscous liquid, b. p. 145°/15 mm. (Found : C, 81*2; 
H, 10*2. C 12 H ls O requires C, 80*9 ; H, 10*1%). 

y-o-Tolyl-$-ethylpropyl Bromide . — The alcohol (25 g.) was heated 
mider pressure with a 30% solution of hydrogen bromide in glacial 
acetic acid (250 g.) at 100° for 16 hours. The cooled liquid was 
poured into water; the bromide then separated as a heavy oil, 
which was extracted with ether. The ethereal solution was washed 
and dried, and the residual bromide distilled, b. p. 136 — 138° /12 mm. 
Yield, quantitative (Found : Br, 32*7. C 12 H 17 Br requires Br, 
33*2%). 

y-o-Tolyl-$-eihylbutyric Acid (IV).— A solution of the bromide 
(31 g.) in alcohol (500 c.c.) was boiled with potassium cyanide 
(25 g. in 70 c.c. of water) for 20 hours. The alcohol was then re- 
moved, and the residue diluted with water; the nitrile separated 
as an oil, which was directly hydrolysed by boiling for 40 hours 
with concentrated alcoholic potash (30 g. KOH). The crude acid 
was precipitated from the diluted alkaline solution, extracted with 
ether, and distilled, y-o-tolyl-$-eihylbutyric acid being obtained as a 
thick oil (21 g.), b. p. 186°/13 mm. (Found: C, 75*4; H, 8*8. 
Ci 3 Hi 8 0 2 requires G, 75*7 ; H, 8*7%). 

The acid chloride, prepared by treatment of the acid with thionyl 
chloride, was obtained as a colourless mobile oil, b. p. 149 — 150°/ 
12 mm. 

5-Keto- 1 -methyl-1 -ethyl -5 : 6 : 7 : 8 4eirahydronaphihalene. — A solu- 
tion of y-o-tolyl- p-ethylbutyryl chloride (19*5 g.) in petroleum 
(20 c.c., b. p. 80 — 100°) was gradually added to freshly prepared 
aluminium chloride (17 g.) covered with the same solvent. After 
the initial vigorous reaction had ceased, the mixture was heated on 
a steam-bath for 2 hours, and the product decomposed with ice-cold 
dilute hydrochloric acid. The ketone was extracted with ether 
and fractionated in a vacuum; a colourless oil, b. p. 165°/12 mm., 
was obtained which gradually solidified. On crystallisation from 
aqueous methyl alcohol, 5-keto-\-methyl-l -ethyl-5 : 6 : 7 : 8 4etra- 
hydronaphthalene (17 g.) separated in small needles, m. p. 38° 
(Found: C, 82*7; H, 8*7. C 13 H 16 0 requires C, 83*0 ; H, 8*5%). 

l-Meihyl-7 -ethyl-5 : 6 : 7 : 8 -tetrahydronaphthalene. — The ketone 
(15 g.) was reduced by boiling with concentrated hydrochloric acid 
and amalgamated zinc (100 g.). When the greater part of the zinc 
had dissolved, the liquid was steam-distilled and the distillate ex- 
tracted with ether. The crude tetrahydronaphthalene was fraction- 
ated, giving a mobile oil (6 g.), b. p. 129— 131°/14 mm. . 
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1- Methyl-1 -ethylnaphthalene . — The tetrahydro-derivative was 
heated with powdered selenium (6 g.) at 300° for 24 hours. The 
reaction product was distilled over sodium, yielding a colourless 
oil (4*8 g.), b. p. 134 — 138°/14 mm., which was directly treated with 
warm alcoholic picric acid solution. The crude picrate which 
separated on cooling was recrystallised from alcohol, giving long, 
silky, golden-yellow needles (5 g.), m. p. 97° (Found : C, 56*7 ; H, 
4*3 ; N, 10*7. C 19 H 17 0 7 N 3 requires C, 57*1 ; H, 4*3 ; N, 10*5%). 

The picrate was decomposed with ammonia, and the hydrocarbon 
extracted with ether. 1-Meihyl-l-ethylnaphthcdene was obtained 
as a colourless oil, b. p. 133°/12 mm., nf* 1*5970, which failed to 
crystallise (Found: C, 91*4; H, 8*2. C 13 H 14 requires C, 91*8; 
H, 8*2%). 

Ethyl o-methylcinnamate (VII) was prepared as detailed by Young 
(loc. cit.) from o-tolualdehyde and ethyl acetate in presence of 
sodium. The pure ester, which does not appear to have been de- 
scribed, was obtained as a highly refractive liquid, b. p. 157°/25 mm. 
(Found: C, 75*8; H, 7*6. C 12 H 14 0 2 requires C, 75*8 ; H, 7*4%). 

y-o-Tolylpropyl alcohol (VIII), obtained by reduction of the 
above ester (25 g.) as described under y-o- tolyl- (3-ethylpropyl 
alcohol, formed a thick colourless oil (4 g.) with a sweetish odour, 
b. p. 136°/15 mm. The urethane, formed long needles, m. p. 58°, 
from light petroleum (Found : N, 4*9. C 17 H 19 0 2 Y requires 1ST, 5*2%). 

(3-o-Tolylpropionic acid, which formed the main product (14 g.) 
in the Bouveault reduction, separated when the aqueous alkaline 
solution was rendered acid. It melted at 105° ; Young (loc. cit.) 
gives m. p. 102° (Found : C, 73*1 ; H, 7*4. Calc, for C 10 H 12 O 2 : 
C, 73*3; H, 7*3%). The acid was esterified, yielding 14 g. of the 
ethyl ester, b. p. 141°/22 mm., which was reduced to furnish a further 
quantity of the alcohol. 

y-o-Tolylpropyl bromide formed a heavy, sweet-smelling liquid, 
b. p. 124°/17 mm. Yield, quantitative (Found : Br, 37*7. C 10 H 13 Br 
requires Br, 37*5%). 

y-o-Tolylbutyric Acid (IX). — A solution of the bromide (25*5 g.) 
in alcohol (450 c.c.) was boiled with potassium cyanide (20 g. in 
80 c.c. of water) for 24 hours. After removal of the alcohol the 
liquid was diluted with water and the nitrile then separated as an 
oil. It was extracted with ether and hydrolysed with alcoholic 
potash (26 hours), and the diluted solution acidified ; y-o-lolylbutyric 
acid was then precipitated as an oil which quickly solidified. On 
crystallisation from light petroleum it separated in needles (20 g.), 
m. p. 60° (Found: C, 74*3; H, 7*9. requires C, 74*2; 

H, 7*9%). The acid chloride was obtained as a colourless mobile 
liquid, b. p. 143°/17 mm. 
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o-Keto-l-methyl-5 : 6 : 7 : S-telrahydronaphthalene (X) was pre- 
pared as described under (V). The reaction product was decomposed 
with ice-cold dilute hydrochloric acid, and the liquid steam-distilled. 
The distillate was extracted with ether; the ketone was then 
obtained as a crystalline solid. It separated from light petroleum 
in large crystals, xn. p. 50 — 51° (yield, 5 g. from 7*5 g. of the acid 
chloride) (Found: G, 82*7; H, 7*7. C-^H^O requires C, 82*5; 
H, 7*5%). 

l-M ethyl-5- ethyl-1 : 8-dihydronaphthalene (XII). — A solution of 
the ketone (6 g.) in dry ether (25 c.c.) was added gradually to a well- 
cooled solution of magnesium ethyl iodide, prepared from magnesium 
(3*3 g.), ethyl iodide (20 g.), and dry ether (100 c.c.). The reaction 
mixture was heated under reflux for 4 hours and then decomposed 
with ice-cold dilute hydrochloric acid. The ethereal layer was 
washed with water and dried over sodium sulphate. After removal 
of the solvent the viscous carbinol was directly converted into the 
hydrocarbon by boiling with acetic anhydride (30 c.c.) under reflux 
for 1 hour. The acetic anhydride was decomposed with hot water 
and the hydrocarbon was extracted with ether and purified by 
distillation over sodium under reduced pressure; it was then 
obtained as a colourless mobile liquid (4*5 g.), b. p. 130 — 131°/12 mm. 

l-Methyl-5-ethylnaphthalene. — The dihydro-compound (8 g.) was 
heated with selenium (4*2 g.) at 300° for 24 hours. The solid re- 
action product was distilled over sodium ; the main portion, b. p. 
133° /10 mm., was directly converted into picrate by treatment 
with warm alcoholic picric acid solution. On cooling, the picrate 
crystallised in small orange needles (13 g.), m. p. 97° (Found : C, 
56*8; H, 44; N, 10*5. C 19 H 17 0 7 N 3 requires C, 57*1; H, 4*4; 
N, 10*5%). . 

1- Methyl-5-ethylnaphthalene was regenerated by treating the 
picrate, suspended in ether, with dilute aqueous ammonia. It 
crystallised from alcohol in plates, m. p. 40°, closely resembling 
naphthalene in appearance and odour ; w$ e 1*600. 

2- Methylstyryl Ethyl Ketone (XIII). — A solution of o-tolualdehyde 
(46 g.) and methyl ethyl ketone (52 g.) in 50% alcohol (800 c.c.) 
was treated with 2A r -sodium hydroxide solution (20 c.c.), and the 
whole left over-night; 2-methylstyryl ethyl ketone then separated 
as a heavy yellow oil. After dilution with water the liquid was 
extracted with ether, and the ethereal solution dried over sodium 
sulphate. The residual oil was distilled, the main fraction passing 
over at 145— 160°/14 mm. After further fractionation the ketone 
was obtained as a pale yellow oil (19 g,), b. p. 150: — 153° /14 mm. 

The semicarbazone, prepared in the usual manner, crystallised 
from acetone in colourless needles, m. p. 176— 178° ; it exhibited 
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phototropic properties, becoming bright yellow on exposure to 
sunlight (Found : N, 18*2. C l3 H 17 ON 3 requires N, 18*2%). 

p-o -Tolyldietbyl Ketone (XIV). — 2-Methylstyryl ethyl ketone 
(18 g.) was dissolved in dry ether (200 c.c.) and hydrogenated at 
room temperature in presence of palladium-black. After the 
absorption of hydrogen had ceased, the ether was removed and 
the residual oil distilled, the ketom being obtained as a pale yellow 
liquid (17 g.), b. p. 140 — 143°/16 mm. (Found : C, 81*4; H, 8-9. 
Ci 2 H 16 0 requires C, 81*8; H, 9*1%). The semicarbazone crystal- 
lised from alcohol in plates, m. p. 160° (Found : C, 66*6 : H, 8*2 ; 
N, 18*2. C 13 H 19 ON 3 requires C, 66*9: H, 8*2; N, 18*0%). 

y- o - Tolyl - a- ethylpropyl Alcohol (XV). — A solution of the above 
ketone (15*2 g.) in boiling absolute alcohol (150 c.c.) was reduced 
by means of sodium (20 g.), added in small quantities at a time. 
The reaction mixture was diluted with water and extracted with 
ether. After removal of the solvent the alcohol was distilled in a 
vacuum, forming a colourless viscous oil (12*5 g.), b. p. 145 — 146°/ 
14 mm. (Found: C, 80*7; H, 10*2. C 10 H 18 0 requires C, 80*9; 
H, 10*1%). 

y -o- Tolyl- a- ethylpropyl bromide , prepared as already described 
(p. 427), formed a colourless mobile liquid, b. p. 149 — 151°/18 mm. 
(Found : Br, 32*6. C 12 H 17 Br requires Br, 33*2%). 

y-o- Tolyl- •x-ethylbutyric Acid (XVI). — A solution of the bromide 
(12*5 g.) in alcohol (200 c.c.) was boiled with potassium cyanide 
(15 g. in 40 c.c. of water) for 30 hours. The alcohol was removed, 
and after dilution with water, the residue was extracted with ether. 
The crude product was distilled under reduced pressure, and yielded 
together with the nitrile fraction, b. p. 150 — 165°/16 mm. (6 g.), a 
lower-boiling fraction consisting of unsaturated hydrocarbons 
(3 g.). The nitrile was hydrolysed with amyl-alcoholic potash 
(potassium hydroxide, 10 g., in 100 c.c. of amyl alcohol) for 15 hours, 
and the amyl alcohol removed with steam. When the solution 
was acidified, y-o4olyl-oc-ethylbiityric acid was precipitated as an 
oil, which was extracted with ether and distilled. The acid was 
collected as a viscous oil, b. p. 195 — 196°/18 mm., which solidified 
after some days. It crystallised from light petroleum in large 
prisms (4*5 g.), m. p. 51° (Found: C, 75*6; H, 8*8. C 13 H 18 0 2 
requires C, 75*7 ; H, 8*7%). The acid chloride was obtained as a 
colourless liquid, b. p. 158— 160°/18 mm. 

5-Keto-l-imthyl-6-etkyl-5 : 6 : 7 : $4etmhydronapMJialene (XVII) 
was prepared from the acid chloride (9 g.) as described on p. 427. 
The pure ketone (8 g.) was a colourless oil, b. p. 172°/19 mm. (Found : 
C, 82*9 ; H, 8*0. C 17 H 16 0 requires C, 83*0 ; H, 8*5%). 

l-Methyl-&-e£hylna$Mhalene f —A portion of the ketone (3*7 g.) 
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was reduced by Clemmensen’s method, giving 2 g. of 1-methyl- 
6-ethyl-5 : 6 : 7 : 8-tetrahydronaphthalene, b. p. 130°/16 mm. The 
remainder of the ketone (4-5 g.) was dissolved in alcohol and heated 
with sodium (7 g.) at 130°. After removal of the alcohol the liquid 
was diluted with water and extracted with ether. The residual oil 
was distilled, the greater part (2-4 g.) passing over at 110 — 160°/ 
20 mm. It was unsaturated towards bromine, and was probably a 
mixture of unsaturated hydrocarbon and carbinol. The products 
from both experiments were mixed together and heated with an 
equal weight of selenium at 300° for 24 hours. The oil was diluted 
with ether, filtered from unchanged selenium, and purified by 
distillation over sodium. The crude hydrocarbon (3*1 g.), b. p. 
145 — 152°/20 mm., was converted into the picrate , which crystallised 
from alcohol in small yellow needles, m. p. 82° (Found : C, 56*8 ; 
H, 4*4 ; 1ST, 10-4. C 19 H 17 0 7 N3 requires C, 57-1 ; H, 4*3 ; N, 10-5%). 

l-Methyl-G-etJiylnaphthalene, which was regenerated from the pure 
picrate, formed a colourless, highly refractive liquid having a faint 
naphthalene-like odour; b. p. 140°/12 mm., wg* 1*598 (Found: 
C, 91*4 ; H, 8*3. C 13 H 14 requires 0/91-8 ; H, 8*2%). 

Grateful acknowledgment is made to the Department of Scientific 
and Industrial Research for grants which have enabled this in- 
vestigation to be carried out. 

The University, Liverpool. [ Received , December 2Uh , 1929.] 


ItlX—Tke Nature of the Alternating Effect in 
Carbon Chains. Part XXXII . The Directive 

Influence of fs-Basic Systems in Aromatic Substi- 
tution. Nitration of Benzylidene-m-nitroaniline. 

By John William Baker and Christopher Kelk Ingold. 

The study of orientation by neutral and by ionic substituents has a 
natural sequel in the consideration of directive action by the inter- 
mediate class of C£ ionogenic ” groups, that is, neutral systems which 
tend to acquire an ionic charge by interaction with the reagent 
employed for further substitution. This category comprises not 
only simple acidic and basic substituents with a single potentially 
ionic centre ( e.g ., OH, NR 2 ), but also ^-acidic and ^-basic groups, 
the ionic forms of which are regarded as possessing a distributed 
charge; and in Part XXXI (Baker, J., 1928, 2257) it was shown, by 
reference to the nitration of some ^-acidic phenylnitromethanes, that 
the anionic charges, which are developed in the side chains of these 



432 


BAKEB AND INGOLD : THE NATUBE OE THE 


substances under certain conditions, dominate nuclear substitution, 
consistently with their assumed partial location on the atom adjoin- 
ing the ring (I), Here the aromatic nucleus occupies the ^-position 
of a */f-acidic system, and ionisation leads to op-substitution; 
similarly, when the nucleus occupies the i/r-position in a t/r-base, ion- 
formation with partial transference of the charge to the a- atom of 
the side chain should produce strong m- orientation (H). 


(L) (op-] cr':no-o 

(anion of t/t-aeid) (kation of ^-base) 

One of the simplest series of cases in which illustrations of this 
effect are to be expected is furnished by the substitution in acid 
media of the Schiffs bases derived from benzaldehyde. It has, 
indeed, long been known that these bases yield essentially m-nitro- 
products on nitration with nitric acid in concentrated sulphuric 
acid. Recently, however, Flurscheim and Holmes (J., 1928, 2230), 
whose estimate (87*5%) of the proportion of m-nitro-derivative 
formed from benzyhdene-m-nitroaniline, C c H 5 *CH!NR, is definitely 
higher than the corresponding figure for benzaldehyde, C 6 H 5 *CHIO, 
claimed to have proved that this high proportion is formed, not 
from the kation, but from the free base. The point is one of some 
importance, for, if it were true, only Fliirscheim’s theory could 
consistently explain it. All theories of aromatic substitution (even 
the less acceptable varieties) which are based on, or allied to, the 
electronic theory of valency, unite in requiring that, in the absence 
of salt formation, the ?/i- orienting effect of *CH!bTR> should be less 
than that of *CH!0 (IH, IV) ; the theory of affinity-demand alone 
reverses that order (V) (compare be. cit., p. 2236). Indeed, the 
example may fairly be described as the remaining piece de resistance 
of the affinity-demand theory of orientation, and Murscheim and 
Holmes, who clearly realise the importance of the instance, con- 
clude that their work appears strongly to support a non-electronic 
interpretation of aromatic substitution as opposed to an inter- 
pretation based on the electronic theory of valency. 



H >G=XX 

(HI. 0>NR) 



(IV. 0>NR) 


V-c=x 

m-\ 

(V. NR>0) 


The first step in Flurscheim and Holmes’s alleged demonstration 
that nitration proceeds through the free base consists in their 
statement that the base is ec proved ” to be largely present as such 
in their sulphuric acid solvent. We cannot find in their paper any 
clear evidence f or this assertion, although a reference is made to 
the “intensely yellow colour” of the sulphuric acid solutions. 
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“ Intensely yellow ” is certainly a correct description ; but the 
base itself is almost colourless and forms colourless solutions in dry 
alcohol. It is true that Flurscheim and Holmes prepared a “ colour- 
less 59 solid hydrochloride by precipitation with hydrogen chloride 
in dry benzene, but this might well be a non-ionised form, such as a 
i/r-salt, Ph’CHCbNHH, which (like triphenylchloromethane and 
many other substances) might develop colour in suitable ionising 
solvents (see below) ; it does, indeed, form a strongly yellow solution 
in dry alcohol. Our experiments lead us to suggest that, on the 
contrary, the free base, for all practical purposes, is absent, and that 
the compound exists entirely as a sulphate in the sulphuric acid 
medium. This conclusion is based largely on partition experiments. 
When a solution of the base in ligroin is shaken with the acid, the 
whole of the base passes into the acid (with development of the 
usual strong colour). When a saturated solution of the base in the 
acid is shaken repeatedly with ligroin, or even with carbon tetra- 
chloride, in which the base is very soluble, none is removed.* 
Finally, when a warm concentrated solution of the base in the acid 
is cooled to the ordinary temperature and kept, the hydrogen 
sulphate separates. This salt, when dry, is almost colourless ; but 
it gives the usual strong colour on solution in sulphuric acid. 

Flurscheim and Holmes’s second argument is that the high pro- 
portion of m-isomeride cannot be due to nitration of the ammonium 
kation, which “ fact,” according to them, is ce established ” by the 
observations that the m-ratio remained nearly the same when 
ammonium sulphate was added to the nitration solvent, whereas 
in the nitration of diethylbenzylamine (idem, J., 1926, 1569), 
admittedly a reaction of the kation, the addition of ammonium 
sulphate caused the m-ratio to be strongly depressed. Our observ- 
ations compel us to challenge this conclusion also. It is true that, 
under the conditions used by Flurscheim and Holmes for the 
nitration of the Schiff’s base, the addition of ammonium sulphate 
makes no great difference to the proportion of m-isomeride; but 
we find that precisely the same is true of the nitration of diethyl- 
benzylamine. Furthermore, although careful observation shows 
that there is a small difference, which will be considered later, 
between the two cases, the direction of the disparity is the opposite 
of that suggested by Flurscheim and Holmes, . 

* Neither is benzaldehyde extracted, which proves the absence of hydro- 
lysis, since added benzaldehyde is readily removed. Indeed, if benzaldehyde 
and m-mtroaniline are brought together in the solvent, rapid combination 
occurs with formation of the anhydro-base, which, since it is present as 
sulphate, cannot be partitioned with neutral solvents, but can be recovered 
in good yield by pouring the acid solution into excess of ice-cold sodium 
hydrogen carbonate solution. 
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In seeking confirmatory evidence of the theory that nitration 
of the SchifFs base proceeds through the salt, we first studied its 
nitration with a nearly neutral reagent, namely, acetyl nitrate, the 
expectation being that salt formation would occur only to a small 
extent or not at all, and that, consequently, the proportion of 
m-isomeride would be found to be below the value, 79%, given by 
benzaldehyde in mixed acids. This was confirmed, the proportion 
found being 41% ; but it soon transpired that the result could not 
justly be regarded as evidence on the question at issue, since at 
least one derivative of the SchifFs base other than its salt was almost 
certainly present in the nitration medium. From a solution of 
m-nitrobenzylidene-m-nitroaniline in this medium we have isolated 
an unstable crystalline compound which may have the constitution 
(VI), and it is possible, therefore, that nitration of benzylidene-m- 
nitroaniline takes place at least partly through a similar addition 
compound with acetyl nitrate. In this connexion the following 
analogy also seems to have some value : when benzaldehyde was 
nitrated with acetyl nitrate in excess of acetic anhydride, it was 
found possible to isolate the ^-nitro-additive compound (VII); 
and the proportion of m-nitro-product in the mononitro- compounds 
was only 37%. 

(VI.) ? Ac (VII.) 

iS T 0 2 -C s H 4 -CH-NAc-C 6 H 4 -X0 2 N0 2 -C 6 H 4 -CH-0Ac 

We therefore resumed the comparative study of the nitration 
of benzyldiethylamine and the SchifFs base in sulphuric acid with 
and without ammonium sulphate, on the basis of the following 
considerations. First, we concur with Flurscheim and Holmes in 
assuming that, if the SchifFs base is nitrated essentially as such, 
the depression in the m-ratio caused by sulphate ions should be 
negligible in comparison with that observed in a corresponding 
experiment with benzyldiethylamine, in which it is known that 
nitration occurs through the kation of the salt and that sulphate 
ions cause electrostriction equivalent to a certain amount of change 
in the direction, dissociated kation — ^ undissociated salt ; this 
difference, if established , would, we agree, constitute strong evidence 
that the azomethine is nitrated as base. Secondly, we suggest that 
if, on the other hand, the SchifFs base, like benzyldiethylamine, is 
nitrated through the kation of its salt, then, if there is any observable 
difference of behaviour, it should be the SchifFs base which should 
exhibit the larger repression of m-substitution when nitrated in the 
presence of sulphate ions. The reason is that the SchifFs base is a 
pseudo-base and that any association of the ions of the true (electro- 
valent) salt should be succeeded by partial conversion of this into 
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the pseudo- (covalent) salt; in other words, whilst any depression 
of the m-ratio in the nitration of benzyldiethylamine is dependent on 
the loss of m-orienting power represented by the change, ion — >- 
salt, i.e ., pole — y dipole, in the case of the Schiff’s base a further 
^-repressing influence exists in the second stage of the change, 
ion — >- salt — >- ^-salt, i.e,, pole — >- dipole — >- neutral form. 
A difference in this direction would therefore be strong evidence in 
favour of the theory that the nitration of the azomethine, leading 
to the high proportion of m-isomeride, takes place through the ion 
of the salt. The details of our nitrations are given in the experi- 
mental portion, but Table I constitutes a summary of the results 
relating to the point at issue. The figures represent the mean values 
of the percentage of m-isomeride, together with the mean deviations 
from the mean to give an indication of consistency. 

Table I. 

Diethylbenzylamine . Benzylidene-m-nitroanlline. 

Conditions. meta (%). Conditions. meta (%). 

Without (NH 4 ),S0 4 ... 61-0 ± 1*3 Without (NH 4 ) 2 S0 4 ... 89*1 ± 0-3 

With (NH 4 ) 2 S0 4 ... 61*9 ±0-3 With (NTH 4 )*S0 4 ... 83*7 ± 0*2 

Diff. ...' ... H-0-9 ± 1-6 Diff. ... ... -5*4 dr 0*5 

The difference here recorded for benzyldiethylamine is within 
the experimental error ; no importance can be attached to it, and 
the only possible conclusion is that any alteration of the m-ratio 
caused by ammonium sulphate cannot be detected in the experi- 
ments we have conducted. On the other hand, the difference for 
benzylidene-m-nitroaniline, although not large, is well beyond the 
limits of precision, and affords clear evidence of nitration through 
the kation of the salt, confirming the indications of the experiments 
described earlier in this paper. 

Thus it transpires that a reinvestigation of this crucial nitration 
reverses the theoretical situation in the direction favourable to 
those theories of aromatic substitution which are directly or indirectly 
related to the electronic theory of valency; and the same investig- 
ation shows that the theory of the distributed charge in ^-basicity, 
as well as in ^-acidity, is to be seriously regarded in its application 
to orientation by ionogenic systems.* 

Experimental. 

Materials. — -The benzylidene-m-nitroamline employed had m. p. 
72°, and was almost colourless (very pale greenish-yellow) (Found : 

* Ttye application of this theory to the nitration of benzylidene-m-nitro- 
amline was made by the undersigned shortly after the appearance of Eliir- 
schema and Holmes’s publication, despite their claim to have proved the 
contrary (Ann. Reports, 1928, 25, 140). — C. K. I. 
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C, 68*S; H, 4*2. Calc.: 0,69*0; H, 4*4%). Following Fliirscheim 
and Holmes’s procedure, the sulphuric acid used for nitration con- 
tained a small excess of sulphur trioxide as a precaution against 
hydrolytic fission; for the same reason, the nitric acid employed 
was rendered anhydrous by distillation with excess of sulphuric 
acid. 

Salts of Benzylidene-m-nitroaniline. — The base formed a colourless 
solution in alcohol dried with calcium, but a yellow solution in 
concentrated or fuming sulphuric acid. The hydrochloride, pre- 
pared by Flurseheim and Holmes’s method, gave a yellow solution 
in calcium-dried alcohol and a yellow solution in concentrated or 
fuming sulphuric acid. The hydrogen sulphate was obtained as 
follows : The base (3*5 g.) was added in small portions with shaking 
to sulphuric acid (10 g.) containing 2*7% excess sulphur trioxide. 
The warm suspension was filtered through asbestos with precautions 
against access of moisture from the atmosphere, and the saturated 
solution of the sulphate kept in a sealed vessel at the ordinary 
temperature for several days, crystals slowly separating; these 
were collected and washed with ethyl sulphate and dry ether 
successively, or with ether only. A further quantity was precipi- 
tated from the mother-liquor by dilution with dry ether. The salt 
(Found: SO*", 32*4. requires SO*", 29*6%) 

is very pale yellow, is comparatively stable in air, has m. p. 225° 
(decomp.) -with previous darkening, and gives a yellow solution in 
fumin g sulphuric acid. 

Partition Experiments. — The ligroin (b. p. 110—120°) and carbon 
tetrachloride used were purified by repeated and prolonged shaking, 
first with concentrated and finally with fuming sulphuric acid (5% 
sulphur trioxide). The solvent for the second phase was sulphuric 
acid containing 2*7% excess of sulphur trioxide. The temperature 
was that of the room and the mixtures were shaken for periods 
varying from 1 to 24 hours. The results are summarised in the 
introduction. 

Formation of Azomethines in Sulphuric Acid. — The acid used as 
solvent and condensing agent contained 2*7% excess of sulphur 
trioxide; The formation and isolation of benzylidene-m-nitro- 
aniline have already been described ; a similar experiment with 
m-nitrobenzaldehyde in place of benzaldehyde yielded m-nitro- 
benzylidene-m-nitrobenzylamine, which wa$ similarly isolated. 
The product in each case was identified by m. p. and mixed m. p. 
with authentic specimens. 

Side-chain Transformations of an Azomethine and of BenzaMehyde 
with Nitric Acetic Anhydride. — (Nitration 3). Benzylidene-m- 
mtroamline (2*3 g.) was added in small portions at 35° to a mixture 
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prepared at 0° of absolute nitric acid (6*0 g.) and acetic anhydride, 
and the mixture was kept at room temperature over-night. The 
product was poured on ice and excess of potassium hydrogen 
carbonate and extracted with ether and benzene after decomposition 
of the acetic anhydride. Qualitative separation of the residue 
showed that substances other than nitrobenzylidene-m-mtroanilines 
were present, but the mixture was too complex to admit of the 
isolation of a pure individual. The whole process was therefore 
repeated with m-nitrobenzylidene-m-nitrobenzylamine in place of 
the original azomethine, except that the separation by means of 
ether and alkali was replaced by evaporation to constant weight 
at the ordinary temperature in an oil-pump vacuum with passage 
of a limited stream of dry air. The gain in weight was 42*4%, 
whereas the gain required for the addition of 1 mol. of acetyl nitrate 
is 38*8%. The material was not crystalline, but a product which 
remained crystalline for a short time was obtained as follows. A 
moderately concentrated solution of m-nitrobenzylidene-m-nitro- 
aniline in a similarly prepared mixture of nitric acid and acetic 
anhydride was cooled in liquid ammonia for several hours; the 
liquid then became filled with a mass of colourless crystals. These 
rapidly dissolved if the temperature was raised, and were tlierefore 
collected at —30° in jacketed apparatus and washed with ethyl 
nitrate and ligroin at the same temperature. The crystals had 
m. p, 50 — 55° (decomp.) when rapidly heated in a sealed tube, but 
quickly decomposed at the ordinary temperature, either in the air 
or in sealed tubes, giving nitrous gases and a red gum. The freshly 
prepared crystals when warmed with dilute sulphuric acid gave 
nitric acid (nitron precipitate) in addition to the normal hydrolysis 
products. These experiments are regarded as proving the form- 
ation, rather than the constitution, of an addition product of the 
azomethine with the reagent used. 

(Nitration 5). Benzaldehyde (5*0 g.) was added during 2 hours 
at 3 5° to a nitration solution prepared at 0° from absolute nitric 
acid (18 g.) and acetic anhydride (30 c.c.). After being kept over- 
night, the mixture was poured on ice and excess of potassium 
hydrogen carbonate, and, after decomposition of the acetic anhydride, 
extracted twice with ether and once with benzene. The residue 
obtained after removal of the solvents partly crystallised, and the 
crystals were drained and washed with ether-ligroin. They then 
had m. p. 118 — 120°, and one crystallisation from ether raised this 
to 125 — 127°, alone or in admixture with an authentic specimen of 
p-mtrobenzylidene diacetate. 

Nitration of BenzyKdene-m-nitrobenzylamine and of Benzaldehyde 
in Acetic Anhydride. — The numerical particulars, except analyses, 
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relating to these nitrations are given in Table II; the analytical 
details and results are in Table IV. 

The products of the nitration of the azomethine were isolated as 
described for nitration 3 above, and hydrolysed by boiling with 
dilute sulphuric acid. The aldehydes were isolated by extraction 
with ether and benzene successively, and oxidised with permanganate 
to acids, which were isolated and analysed by reduction and bromin- 
ation as usual. 

The nitration product of benzaldehyde was isolated in the same 
way, and the subsequent treatment was the same except for the 
omission of the hydrolysis. 


Table II. 


Xitr- Substance 

Weight 

hno 3 

Ac 3 0 

Time Pro- Treated 

Acids 

ation Xo. nitrated. 

taken (g.). 

(g.). 

(g.) Temp. 

| 

| 

OQ 

fy? 

(£•). 

1 PhCH:NR 

2-00 

6-08 

23 {room 

0*1} 2 ’ 68 2 ‘ 18 

0-916 

2 „ 

2-29 

7-0 

U ‘ 5 (room 

Vroom 

2 2 ; 3 } 2-640 2-037 

1-002 

4 PhCHrO 

4*98 

18-0 

30 / 35 ° 
du \room 

20-o} 10 ' 4 ° 4 ' 682 

2*480 


The heading “Treated 55 should be interpreted, “Product 
hydrolysed and oxidised 55 for nitrations 1 and 2, and “ Product 
oxidised 55 for nitration 4. 

In nitration 1 the azomethine was previously dissolved in half 
the acetic anhydride, and the solution was slowly added to a mixture 
of the nitric acid and the other half. 

In nitration 2 the solid azomethine was added in small portions 
to the nitration mixture. 

In nitration 4 the benzaldehyde was run into the nitration solution. 
Part of the solution of the acids obtained by oxidation was lost 
and the weight recorded is that of the residue from the remaining 
solution. 

Nitration of Benzyldiethylamine and Benzylidene-m-nitroaniline in 
Sulphuric Acid with and without Addition of Ammonium Sulphate . — 
The numerical particulars, except analyses, relating to these 
nitrations are recorded in Table III; the analytical details and 
results will be found in Table IV. 

The benzyldiethylamine, b. p. 105 — 107°/20 mm., was in all cases 
run into the nitration solution. The product was poured on ice, 
basified with potassium hydroxide, and extracted with chloroform. 
Owing to the difficulty of removing the last traces of this solvent 
from the residual oil, some of the recorded yields of nitro-bases may 
be slightly too high. The products were oxidised, and the acids 
analysed, as usual. 

The solid benzylidene-m-nitroaniline was in all cases added little 
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by little without solvent to the nitration solution. The product 
was poured on ice and excess of potassium hydrogen carbonate and 
extracted successively with ether and benzene. The material 
obtained was subjected to the usual routine of hydrolysis, oxidation, 
reduction, and bromination. 

Table III. 

Nitr Sub- Weight S0 ? % Pro- Alde- 

ation stance taken Am„S0 4 HN0 3 H a S0 4 in Time duct hydes Treated Acids 

No. nitrated. (g.). (g-)- <&•)• <£•)• H a S0 4 . Temp. (hrs.). (g.). (g.). (g-)- (§•)• 

6 PhCH 2 *NEt 2 3-00 — 3-06 66 2-817 — 2-26S 1-321 

7 „ 2-66 — ' 1*50 38 2 ’ 7 { r0 om 2-0 } 3 * 253 “ 2-005 1,173 

S „ 3-01 — 1-60 20 3-795 — 3-131 0-908 

9 „ 3-00 35 3-06 66 1 * 5 { r0 om 1-0/ 3 ' 581 ” 2,654 1,209 

10 „ 3-98 26 2-00 57 2-7 ^o} 4-751 — 3*379 2-380 

11 „ ■ 3-03 6 ' 1-8 20 5-0| rc £° m |*jjj 3-795 — 2-843 1-414 

12 PhCHINR 3-00 — 2-45 71 1,5 {rJ^ 00 of’oT ~ 1,824 1,824 1,321 

13 „ 3-00 — 0-60 16-5 2-7 f r 10 ^ g 1 ^} 3-410 — 2-254 1-19S 

14 „ 3-00 21 2-40 40 2-7 2 3 ‘®| — 1-968 1-968 1-062 

15 „ 3-00 21 2-40 40 2-7| 3 ^°° 2 4 *°j — 1-601 1-601 1-264 

The heading 4 4 Treated 99 should be interpreted 44 Product 
oxidised ” for nitrations 6 — 11, 44 Product hydrolysed and oxidised ” 
for nitration 13, and 44 Aldehydes oxidised ” for nitrations 12, 14, 
and 15. The corresponding figures for nitrations 6 — 11 may be 
somewhat too high owing to the difficulty, mentioned above, of 
completely freeing the oily nitration product from chloroform. 

In nitration 8, part of the solution of the acids obtained by oxid- 
ation was lost and the weight recorded is that of the residue from 
the remainder. 

In nitration 13, the 2*254 g. of nitration product yielded 1*645 g. 
of aldehydes and the whole of this was oxidised. 

In nitrations 12, 14, and 15, the nitration products were hydrolysed 
without weighing, but the aldehydic product was weighed and the 
whole of it oxidised. 

Analytical Results relating to the Nitrations . — The analytical 
data and the proportions of isomeride calculated therefrom are given 
in Table IV. 

Table I (p. 435) shows the mean values (and mean deviations) of 
the proportion of m-nitro-isomeride formed from benzyldiethyl- 
-amlne and from benzylidene-m-nitroaniline in mixed acids, together 
with difference figures indicating the effect of ammonium sulphate on 
the meta-ratio ; in the latter case, the mean deviations are obtained 
by subtracting one from another the individual results taken in pairs. 
It should be stated that the experimental conditions (temperature, 



440 COCKER, LAP WORTH, AND WALTON : PRIMARY AND 

proportions of reagents, etc.) relating to the individual nitrations 
of which the results are averaged are not exactly the same (Table 
III) ; nevertheless, the internal consistency of the results of each 
of the several sets so treated is such as to show that any differences 
due to the varied conditions referred to are too small to be detected 
by the experiments here recorded. 


Table IV. 


Recovered (g.). 


« W 




i ■ 
8 

i 

« 

Nitr- 

Acids 

V • 
t=i ■ 

5 ; 

S 

ation 

analysed 

H, 

No. 

(g.). 

O 

Q 

o 

1 

0*725 

0*550 

0-041 

0*046 

.2 

0*862 

0*015 

0*815 

0*624 

4 

0*9115 

0*015 

1*047 

0*773 

6 

0*805 

0*012 

0*600 

0*998 

7 

0*835 

0*014 

0*601 

1*030 

8 

0*734 

0*048 

0*483 

0*928 

9 

0*777 

0*025 

0*550 

0*984 

10 

1*008 

0*066 

0*662 

1*223 

11 

0*720 

0*009 

0*497 

0-930 

12 

0*903 

0*014 

0*175 

1*573 

13 

0*681 

0*209 

0*090 

0*845 

14 

0*790 

0*260 

0*136 

0*799 

15 

0*857 

0*473 

0*063 

0*360 


Thu University, Leeds. 


Composition. 

Acids. 

R-COjH (mols. %). 

R * op- m- 

OgHs* ISOgOgHg. N0 s *CgH 4 
95*0 2-5 2-5 

2*S 57-6 39-6 

2*3 59*1 38*6 

2*1 39*7 68*2 

2*4 38*8 68*8 

9*0 33*7 57*3 

4*6 37*0 58*4 

9*1 34*5 56*4 

1*8 37*2 61*0 

3*2 10*8 86*0 

40-4 6-5 53-1 

45-5 8-8 45-7 

77-2 3-8 19-0 

[Received, February ith, 1930.] 


Percentage 

nitro-isomerides. 


Op-* 772 -. 

(50ca.) (50ca.) 
59*3 40*7 

62*6 37*4 

40*4 59*6 

39*6 60*4 

37*0 63*0 

38*7 61*3 

38*0 62*0 

37*7 62*3“ 

11*2 88*8 

10*7 89*3 

16*1 83*9 

16*5 83*5 


IjK.— P rimary and Associated Results of Replacement 
of Hydrogen directly attached to ^Co-ordinated 
Carbon. 

By Wesley Cocker, Arthur Lapworth, and Arthur Walton. 

The substituents N0 2 , CN, COR, and SO a R in attachment to phenyl 
are meta-directive. In position X, in X-CHR-jRg, these substituents 
render the hydrogen atom labile and, moreover, the compound 
X'CHB-jRg is able to exist in two “ tautomeric ” forms. These 
relations were recognised nearly thirty years ago (compare J„, 1901, 
79, 1901). 

- It is not easy to state when the idea was first advanced that 
enolisation of a ketonic form originates in a minute degree of 
ionisation of the hydrogen atom which is attached to the carbon 
atom in the a-position. It was certainly no later than 1902, when 
definite schemes based on this idea were proposed for reversible 
desmotropie changes belonging to the type now commonly called 
prototropic (J., 1902, 81, 1508). References were given in this 
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paper to still earlier suggestions, in which conceptions of dissociation 
had been applied to such phenomena by Bruhl, Thiele, and Henrich, 
and the names of Kekule, Williamson, Euler, Goldschmidt, Knorr, and 
others should have been mentioned in any exhaustive treatment. 

The conception of the acceleratory influence of an alkali on enolis- 
ation as due to the attack of hydroxyl ion on an “ incipiently 
ionised 55 hydrogen atom in direct attachment to carbon on the 
ketonic form was formulated in 1920 (Mem. Manchester Phil . Soc., 
1921, 64, 13 and 14). 

The above ideas are now widely used, but few of those who have 
adopted them as working hypotheses appear to be aware that even 
the most recent of them took definite shape nearly nine years ago. 

On the view above described, expressed in terms of current 
theory, compounds of the type X-CHRjRg (X being defined as above) 
are themselves very feeble acids — too feeble, as a rule, to yield their 
protons to the very weak base, water, but able to yield them to 
more potent acceptors. 

With the introduction of electronic conceptions it followed 
naturally, as Lewis himself pointed out, that the affinity of an acid 
must be associated with the degree of restraint on the bonding 
electrons of the atom to which the acidic hydrogen, or proton, is 
attached. Hence, if the above ideas are sound, it follows as a 
matter of course that each of the substituents X0 2 , CN, COR, 
and S0 2 R must exercise some special restraint on the electrons of 
an attached carbon atom; the case is only one of many covered 
by scheme 7, in the paper by Allan, Oxford, Robinson, and Smith 
(J., 1926, 404), in which scheme carbonyl was evidently used to 
typify all substituents which come in the above category (compare 
ibid., p. 403, line 8 from bottom). The connexion between electron- 
restraining properties and meta-directive power had previously 
been a strong plank in the platform of supporters of “polarity 
theories ” and a passing reference to Robinson’s discerning extra- 
polation from this general basis and his own experiments to the 
prediction of meta-directive effects in benzylamine salts may serve 
as a reminder of this. It may therefore be maintained that no date 
later than that of the paper by Allan, Oxford, Robinson, and Smith 
may properly be assigned to the complete association of all the 
above ideas, although much of real novelty has since been written 
in connexion with the same topics and numerous important 
extensions have been suggested. 

It is, however, not enough to attribute to any given substituent 
an “inherent” electron-attractive or electron-repulsive power, and 
then to assume that the apparent contradictions are due to covalency 
adjustments which are inseparable from a completed chemical 
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change. The present authors are convinced that the idea of interior 
electron displacements formulated by Lewis (compare “ Valence 
and the Structure of Atoms and Molecules/’ G. N. Lewis, American 
Chemical Society Monographs, 1923), though acceptable in many 
applications and in particular to the strengths of the hydroxides of 
the elements as bases and acids ( loc . tit., p. 138), does not admit of 
the extension suggested by Lewis himself in his attempt to account 
for the high ionisation constants of a-, (3-, y-, and 8-chloro-derivatives 
of saturated aliphatic acids (loc. cit p. 139). A number of workers 
have accepted the lead given by Lewis on this point ; but it may be 
noted that in certain schools of thought the mass of indications 
pointing to the existence of some transmission of effects by interior 
means is ignored and distances of points from poles are calculated 
apparently on the assumption that the disturbances are propagated 
solely through the medium (compare Larsson and Holmberg, 
Z. anorg. Ghent., 1929, 183, 30). 

Insufficient attention has been paid to the possibility, already 
partly recognised, that even in the resting state of a molecule the 
effect of a substituent at a given point, even at a considerable dis- 
tance from the substituent, may be the resultant of at least two 
simultaneous influences, one reaching the point from the exterior 
and the other from the interior, that is via the electronic system of 
the adjacent atom, the condition of which, in its turn, is likely to 
be determined by the resultant of interior and exterior influences. 
The exterior and interior forces at a given point may operate either 
in harmony or in opposition according to the nature of the sub- 
stituent, and possibly also according to other circumstances, and 
obviously may affect one another to a greater or less extent through- 
out the whole range of collateral transmission. 

It is almost certainly erroneous to suppose that the net effect of 
a substituent, Y, in say, Y-CHR^Ro, on the electrons of the carbon 
atom to which it is directly attached is always in the same sense 
as its net effect on the electrons of more remote atoms. It so hap- 
pens that, if attention be restricted to the meta-directive sub- 
stituents above specified, no glaring discrepancy is revealed, for 
not only does each of these substituents exercise, in the light of 
the above ideas expressed in terms of Lewis’s theory of proton 
expulsion, a marked restraining effect on the electrons of any carbon 
atom to which it is directly attached, but it also displays consistent 
restraining effects on the electrons of atoms more remote, as shown 
by the large ionisation constants of all carboxylic acids in which 
these substituents occur. With a number of other substituents, 
however, and more especially with some of the powerfully ortho-para 
directive ones, no such consistency obtains. 
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- Discussion of even the most elementary issues involved in this 
complicated question requires a clear understanding as to the 
implication of terms used. In view of this, the electropolar effect 
of a substituent is now defined for the present purpose and without 
references to any particular hypothesis, as that effect which, when 
the substituent occurs at the a-, (3-, y- and more remote positions 
in a saturated aliphatic acid, leads consistently to a rise or consis- 
tently to a fall in the ionisation constant of the acid, and diminishes 
as the distance from the substituent increases. The rate of diminu- 
tion in the series of saturated fatty acids is given approximately by 
Derick’s logarithmic rule (J. Amer. Chem . Soc., 1911, 33, 1152),* 

The authors prefer to use the description “ electropolar ” effect 
or factor, due to Flurscheim, rather than “ electron affinity ” 
(Lewis), because the latter expression has been applied (a) to the 
restraint which an atom exercises over its own electrons, (b) to 
interior electron displacements consequent thereon, and (c) to true 
electropolar effects, which, in the view of the present authors, 
have often been confused with (6). The description t£ general 
polar,” originally suggested (1921) as equivalent to Flurscheim’s 
“ electropolar,” has since been used to specify not only true electro- 
polar effects but also effects of interior electron displacements as 
conceived by Lewis. 

Significant connexions which have appeared from the work of 
Bjerrum and others between electropolar effects and dipole moments, 
combined with the circumstances that electropolar effects make 
themselves felt at considerable distances from their point of origin 
even when a long saturated chain of carbon atoms intervenes, lead 
the authors to accept the view that the electropolar effect of a 
substituent, Y, is essentially the manifestation of a change in the 
electrical fields immediately exterior to the chains of atoms on the 
molecule. They imagine that the substitution ordinarily produces 
a change in the external field which is equivalent to the super- 
position of a new external field on the original one, and that this 
superimposed field increases in intensity as the substituent is 
approached from distant parts of the molecule. At some point, 
at a very small distance (measured in atomic diameters) from the 
point of substitution, it is, however, presumed that the super- 
imposed field may be extremely complex, so that neither its intensity 
nor its sign can be deduced from a knowledge of the distribution 
of that field at points more remote — or at least not until that know- 
ledge is far more exact than can be claimed at the present time. 
The precise distance at which the exterior effects may be treated as 

* Admittedly the criterion can strictly be applied only when the influence 
of cc steric ” factors has been eliminated. 
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mathematically separable from the primary and its interiorly trans- 
mitted effects is likely to remain as an outstanding difficulty ; but 
on the view advanced by Lapworth and Manske (J., 1928, 2536, 
2537) its point must be somewhere beyond the atom at which 
substitution takes place. Assuming, for simplicity, that this point 
in saturated systems lies immediately beyond the electrons of the 
atom in question and that “ steric ” effects may be treated as irregu- 
larities in an otherwise regularly diminishing, exterior field beyond 
this point, the opposite electropolar factors of OCH 3 and CH 3 may 
be suggested by the arrows placed above the two figures 

(CH 3 *0) — CHo->-CO — OH ’ (CHo)— CH 2 ->-CH 2 — CO— OH 

2 * 

To the left of these two upper arrows it is postulated, not that 
an exterior field is non-existent, but that, whatever its direction 
may be, it is, by definition (J., 1928, 2536), only one of the factors 
in the primary effect, S — >CH 2 ->— , of the substituent on the 
electrons of the carbon atom to which it is directly attached, and 
may not be counted twice. 

This interpretation of the facts, however, demands that in the 
two cases just specified, the displacements implied by the signs 
are very small, which is consistent with remarks which are made 
later in this paper on transmission by a single bond in a saturated 
carbon system (p. 450). The sign z is used to imply that the value, 
>, is almost zero. 

Proton is admittedly unique; and there is strong physical evi- 
dence, largely but not wholly spectroscopic, that proton can enter 
very deeply into the electronic systems of other atoms (compare 
Knorr, Z. anorg . Chem 1923, 129 , 109; Muller, Z. Elektrochem ., 
1924, 30 , 493 ; 1925, 31 , 46, 143 ; Lederle and Rieche, Ber., 1929, 
82 , 2576). The presence of hydrogen in direct combination with 
another non-metallic atom may then be equivalent to an increase 
in the central restraining charge of that atom, and this would lead, 
algebraically, to a corresponding decrease in restraint when the 
hydrogen is replaced. This factor is doubtless not the only one 
operative, and electrostatic attraction between the nucleus of one 
atom and the electrons, especially if unshared/’ of another atom 
in the sense of theories previously used by Stark, Robinson, Lap- 
worth and others is consistent with numerous data and is not 
excluded by electronic theory. It remains, however, as a striking* 
fact 'that, with the exception of some, like NMe 3 @, which themselves 
contain an additional positive charge, and others, like N0 2 , which 
contain a qualitatively equivalent dipole, nearly all the familiar 
substituents produce, on 3-co-ordinated carbon, chemical effects 



ASSOCIATED BESULTS OE BEPLACEMENT OE HYDBOGEN, ETC. 445 

which correspond with those to be anticipated from a virtual 
decrease in the central charge of the carbon atom (compare Lap- 
worth and Manske, J., 1928, 2536). Examples of this include such 
diverse substituents as NH 2 , NMe 2 , OMe, Cl, and Aik, some {e.g., Cl) 
with electron-restraining and others (e.g., Aik) with electron- 
releasing electropolar factors. 

On the evidence of the ionisation constants of substituted acetic, 
propionic and butyric acids, the electropolar factors for OH and 
0*CH 3 attached to 4-co-ordinated carbon are definitely electron - 
restraining ; moreover, m-hydroxybenzoic acid is stronger than 
benzoic acid, and there is strong evidence that the electropolar 
effect is usually the dominant one in the meta-position (compare, 
inter alia , J., 1929, 2547, lines 7 — 9). Nevertheless, OH, or 0*CH s , 
when replacing H attached to an aromatic nucleus, confers on some 
electrons of the nucleus a greatly decreased restraint ; and when OH 
replaces the H of the kation, H*CO 2 0, of formic acid, the product, 
HOCO 2 0, has a very greatly increased affinity for proton, con- 
noting a greatly decreased restraint on the electrons of the carboxyl 
oxygens. In these two cases, however, the OH has replaced H 
attached to 3 -co-ordinated carbon and the view has already been 
expressed by Lapworth and Manske (J., 1928, 2536), that this 
occurrence is undoubtedly associated, in the case of OH, with a 
greatly decreased restraint on the carbon electrons, which restraint 
can be transmitted in turn, by electron displacements (Lewis), to 
other atoms in -the molecule, the intensity and extent of trans- 
mission varying very greatly with structural conditions. 

It is perhaps desirable at this juncture to state that the present 
view accommodates the case of initiation of electron displacement at 
points remote from the substituent by the operation of the electro- 
polar effect on a plastic system, such as a double bond, a 1 : 3-diene 
system,' or a carbon-halogen linkage. The slight polarisation of the 
ethylenie linkage in stearolic acid, demonstrated by Robinson and 
Robinson (J., 1926, 2204), is regarded by the present authors as a 
case coming within this category; such effects might suitably be 
called “ imported,” in contrast to “ transmitted.” 

A 1 : 3-diene, or an aromatic, system, when acted upon either by 
an imported or a transmitted strain, may display “ alternate 
effects 55 of several kinds. The problem of the mechanism of “ static ” 
alternate effects such as those indicated by study of dissociation 
constants of aromatic carboxylic acids and cyanohydrins must be 
.approached from the standpoint of a sound theory of the more 
elementary phenomena associated with substitution. 

. The question whether a given substituent operates on 4-co- 
ordinated (or Cf saturated ”) carbon; in the same mode as it operates 
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on 3- and 2-co-ordinated carbon was touched on very lightly by 
Lapworth and Manske, in view of the paucity of convincing evidence 
bearing thereon (loc. tit., p. 2537). The substituents N0 2 , CN, 
COR, and S0 2 R offer no difficulty from the qualitative point of 
view, their primary interior factors (ibid., p. 2536) and electropolar 
factors being, as previously stated, clearly and consistently electron-’ 
restraining, no matter to which type of carbon atom they are 
attached. It has been shown in the preceding pages that the con- 
junction of Lewis’s theory with the idea of incipient ionisation in 
the derived systems, X*CHR 1 R 2 , implies that these substituents 
exercise a restraining effect on the electrons of 4-eo-ordinated carbon, 
thus facilitating the removal of the hydrogen atom as proton by 
suitable acceptors. In the following pages an attempt is made to 
show that some of the more powerfully ortho-para directive sub- 
stituents exert precisely the opposite effect bn the electrons of 
directly attached, 4-co-ordinated carbon, so that when the latter is 
also associated with an atom or group, which either per se or by 
association with a suitable acceptor, can act as an anion, a state of 
‘' incipient ionisation ” is brought about in the sense opposed to 
that induced by the meta- directive substituents N0 2 , CN, COR 
and S0 2 R, when occupying similar positions. 

It is well known that the halogen in a-chloroalkyl oxides such as 
monochlorodimethyl ether, CH 3 *OCH 2 Cl, is exceptionally labile. 
Contrasting CH 3 *OCH 2 Cl with H*CH 2 C1, it may be said with con- 
fidence that the replacement of H by OCH 3 does not lead to any 
of the results to be anticipated from a virtual increase in the central 
charge of the carbon atom of the CH 2 group. Such results would 
be, for example, a more ready reducibility of the chloro-compound 
to the hydride, or a tendency to react with water in accordance 
with the scheme R*C1 + HOH — R*H + H0C1 (compare the 
properties of NC1 3 and NH 2 C1 with those of chloro-derivatives of 
methane). On the contrary, there is observed a greatly increased 
tendency for the halogen atom to appear as ehloridion ; moreover, 
the group CH 3 *0*CH 2 has apparently so small an affinity for its 
bonding electrons that it can, replace proton, even in presence of 
free hydrochloric acid, as in the facile reaction of the chloride 
CH 3 *0‘CH 2 C1 with methyl alcohol : 

CH 3 -OCH 2 Cl + HO-CH 3 — > CH 3 -0-CH 2 *0*CH 3 + HC1 

(Henry, Ber ., 1893, 26 , 933, Ref.). 

The extraordinary facility of the transformations of this chloride 
and the consistent relative ££ polarities ” of its two parts, CH 3 *OCH 2 
and Cl, as well as the comparatively small heat changes involved, 
are well illustrated by. its behaviour towards water, alltali and con- 
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centrated hydriodic acid respectively. In each case hydrolysis 
occurs quickly, the chloro-ether, at first insoluble, dissolves within 
a few seconds when shaken vigorously with the cold aqueous liquid. 
In the case of the strong, aqueous hydriodic acid, the heat display 
is so small that, with equal volumes of acid and chloro-ether, the 
rise of temperature is only about 7°. No free iodine is liberated 
even if the compound is added to the hot acid. From the work of 
Henry ( loo . cit.) and others there is good reason to conclude that in 
each of the three cases the change which takes place is simply a 
reversal of that on which the ordinary method of preparing the 
ether is based : 

CH 2 0 + CH 3 -OH + HCK-> CHg’OrCHgCl + H 2 0. 

Monochlorodimethyl ether acts almost instantaneously on tertiary 
bases (Litterschied, Annalen , 1901, 316 , 161), forming quaternary 
salts : 

CH 3 -OCH 2 Cl + nr 3 — > ch 3 -o-ch 2 -kr 3 }cl 

The present authors have observed that although, as found by 
Litterschied, these salts are also formed almost instantaneously in 
presence of an alcoholic solvent, such as amyl alcohol or cycZohexanol, 
they may subsequently react with the alcohol on warming in 
presence of excess of the tertiary base, the methoxymethyl residue 
evidently leaving the nitrogen atom and replacing the proton of 
some of the alcohol. Thus with pyridine and amyl alcohol : , 

C 5 H s N + C 5 H 5 §(CH 2 *0*CH 3 )}C1 + C 5 H n *OH— > 

c 6 h 5 nh}ci + c 5 h 5 n + c 5 h u -o-ch 2 -o-ch 3 . 

It may be worth while to point out that these reactions do not 
seem to differ in any essential feature from those which occur during 
the well-known process, due to Einhorn, for acylation of alcohols 
by means of acyl chlorides and tertiary amines (Annalen, 1898, 
301 , 95), though the yields obtained are less satisfactory, owing in 
some cases to less complete reaction and in others to formation of 
products of higher molecular weight in which methoxyl has been 
replaced. In both cases quaternary salts are formed in the first 
instance by direct union of amine and acid chloride (compare 
Dennstedt and Zimmermann, Ber ., 1886, 19 , 75) and there is no 
sufficient reason to assume that there is an essential distinction 
between the two mechanisms. The authors infer that both acyl 
groups and a-alkyloxymethyl groups can function much as protons 
do ; that is to say, while probably not capable of separate existence 
in solution as kations, they are readily detached from their bonding 
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electrons and thus, in the same sense as such protons, occur in the 
state frequently described as “ incipient ionisation.” 

In the authors’ view the conditions which give rise to the modes 
of reaction of monochlorodimethyl ether are to be regarded as 
pre-existent in the resting molecules, CH 3 *0*CH 2 C1 S and it is not 
necessary to assume complete conversion of the molecules into 
desmotropie forms prior to interaction with the agents. Oxonium 
chemistry certainly indicates that reversible changes such as 
CH 3 *Q*CH 2 Cl^-->GH 3 *OICH 2 jCl might take place readily ; but the 

existence of such reversible relations in itself connotes comparatively 
small free energy differences between the molecular configurations 
in the two isomeric forms, and such forms are probably subject to 
similar interior distortions, demanding comparatively small 
“activation ” increments of energy for transformation in either 
direction. It is on this basis, and not on the hypothesis of one 
ion common to both forms, that the authors would approach the 
theory of isodynamic isomerism ; the observations of Leuchs (Ber., 
1913, 46 , 2438) and of Kuhn and Albrecht (Ber., 1927, 60 , 1297), 
with optically active compounds, strongly support the idea that the 
ions of the so-called “ pseudo-acid ” forms have individual existence. 

The present authors would represent the interior effects which 
they believe to be produced by the conversion of H*CH 2 C1 into 
CH 3 *0*CH 2 C3, by the strain-symbol, CH S *0 — CHg-^-Cl, where, 

* 5 — * 

in contrast to the case of CH 3 *0*CH 2 *C0 2 H (p. 444), the 
transmitted effect is considerable (in the plastic C->-Cl bond) 
and has more influence on the properties of the compound than 
has the electropolar effect 

CHg-0 — CHa — cT 

The extremely variable lability of CN directly attached to carbon 
seems strongly to support the general ideas above advanced. 
Ordinarily, CN directly attached to carbon ca nn ot be removed 
as cyanidion. Even cyanohydrins H0’CK 2 *CN are mostly quite 
stable in this respect at the ordinary temperature, providing that 
appreciable ionisation of the hydroxyl hydrogen be prevented, as 
by addition of a trace of mineral acid (Lapworth, J., 1901, 79 , 
1268; 1906, 89 , 948; Ult^e, JRec. trav. chim ., 1909, 28 , 248, 257); 
on the other hand, partial breaking down,, with attainment of 
equilibrium, takes place extremely quickly at the ordinary tem- 
perature if the conditions are on the alkaline side, thus permitting 
of a small amount of ionisation of the acidic cyanohydrin (J., 1904, 
85 , 1206): - 

©O-CHa-CN^OICHa + CN0 
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Jt ' 

The instability of a-amino-nitriles is well known, and the authors 
have observed that the compound NEt 2 *CH(CH 3 )*CN decomposes 
at the ordinary temperature in presence of water; free hydrogen 
cyanide is formed and if this be allowed to escape from the system 
complete decomposition takes place ultimately at the ordinary 
temperature. The reactions involved are again reversals of those 
followed during the ordinary method of preparing the compound : 

NEt a *CH (CH 3 ) •CENT + H 2 O^NEt 2 -CH(CH 3 )-OH + HCN 

<37 v © 

(not necessarily by way of the desmotropic form NEt 2 .*CH(CH 3 )jCN). 

The compound NEt 2 *CH(OH 3 )*OH then breaks down much in 
the same way as a cyanohydrin does, giving NHEt 2 and CH(CH 3 )X). 
The case of cyanodihydroberberine is closely comparable with this 
(compare Robinson and Robinson, J., 1917, 111, 966). 

Compounds having the structure CH^O’CRjR^CN, unlike 
cyanohydrins themselves and unlike a-amino-nitriles, are exceed- 
ingly stable compounds, and do not yield their cyanidion under 
most drastic treatment. 

It seems clear, therefore, that in respect to their efficiencies in 
promoting the withdrawal of CN from the same carbon atom, the 
order of four important substituents is ©0, NAlk 2 , OH, OCH v 
The last of these is here quite ineffective, and even OH is usually 
effective only at temperatures above the ordinary, in which cir- 
cumstances almost any ketone cyanohydrin can lose hydrogen 
cyanide ; menthone cyanohydrin when exposed cannot be prevented 
from doing so slowly even at the ordinary temperature and in 
presence of stabilising hydrogen chloride (Lapworth, Manske, and 
Robinson, J., 1927, 2054). It may be noted that the order of the 
four substituents above deduced is the same as that accepted for 
ortho-para directive powers, which order, however, is not necessarily 
always the same as that for “static ” or average primary effects. 
Aromatic substitution, as Robinson has constantly maintained, is 
no doubt very largely a phenomenon connected with specially 
energised molecules in the system and not with the average mole- 
cules, and the nitroso-group affords a striking example of a sub- 
stituent the “ static ” primary effect of which on carbon is in one 
sense (electron-restraining, like COR or N0 2 ) and nevertheless does 
not too effectively oppose the formation of energised form£ in which 
it is in effect operating in the opposite sense^ortho-para directive 
and electron-releasing) (compare Robinson, Chem. and Ind., 1925, 
456). Such an associated function may be termed a “ permissive ” 
property of the substituent. . 

When alcoholic potassium cyanide gtcts on polynitro-derivatives 
R 
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of the aromatic: series, the group OCH 3 enters the molecule at the 
carbon atom from which the N0 2 radical is displaced; the group 
CN, when it enters, is found on a. carbon atom to which H was 
originally attached (Bruyn and others; compare Kenner, J., 1914, 
105 , 2730). The opposite primary interior effects of OCH 3 and CN 
are doubtless here foreshadowed or utilised in some way at inter- 
mediate stages, 

CHo-O— CN— k+B. 

©N0 2 being c< loosened ” in the former case and ©H in the latter 
(compare “ Summary ” of present paper). 

On considering all the evidence now available it seems clear that 
the statement made by Lapworth and Manske to the effect that the 
influence of substituents on 4-co-ordinated carbon is “certainly 
small” (JV 1928, 2537) was unfortunate, and a more accurate 
statement would have been that the changes produced by substi- 
tution of H attached to 4-co-ordinated carbon are c ■ certainly more 
difficult to detect” than with 3-co-ordinated carbon. 

This difficulty seems to be due in the main to the circumstance 
that changes in the restraint on the electrons of 4-co-ordinated 
carbon are transmitted, if at all, only to a very feeble extent to 
another carbon atom; thus even the considerable effect of the 
substituent 0*CH s , which is manifest in the properties of 
CHg-O’CHgCl, does not suffice to cause loss of the CN group from 
CH 3 *0-GH 2 *CN or CH 3 -0*CH(CH 3 )-CN (compare Robinson, on 
resistance offered by a saturated carbon atom, Ghem. and Ind 
1925, 118). 

Owing to the difficulty of detection and comparison of static 
primary effects on 4-co-ordinated carbon, except in special cases 
such as those above discussed, it would be premature to maintain 
that the sequence of substituents in this connexion is the same as 
the sequence for static primary effects on 3-co-ordinated carbon. 
Oh a priori grounds it would seem possible that such might be the 
case, at least for substituents which contain no double-bonded 
structure adjacent to the point of attachment. Comparison of 
the properties of (CI)*CH 2 C1 and (CH 3 ) , CH 2 C1 with those of 
(H^CHgCl clearly indicates that the “ primary ” influence of Cl or 
CH 8 on 4-co-ordinated earhon is very much smaller than that of 
O-CHg, and this again is broadly in agreement with effects already 
deduced on 3-co-ordinated carbon. Whatever may transpire here- 
after, it now seems beyond reasonable doubt that when substituents 
are arranged in the order of their “static ” (or average) primary 
effects on directly attached, 4-co-ordinated carbon, that order will 



ASSOCIATED BESULTS OF BEFLACEMENT OF HYDBOGEN, ETC. 451 

be quite different from the electropolar sequence (order of “ electron 
affinities ? ’) and will correspond much more closely with Hurscheim’s 
“ quantitative 55 sequence, though, as already explained (p. 449), 
with certain modifications connected with the mechanism of aromatic 
substitution. It is doubtful whether the precise order, even if 
there be such, for static primary effects of substituents can be 
deduced from chemical reactions, but the authors assume that facile 
and reversible reactions provide the most trustworthy indications. 
The study of equilibrium constants furnishes a basis for comparing 
average free energies oyer a large number of molecules ; but 
“ primary ” effects are not the only factors involved. 

There is yet another complication, as there is reason to believe 
that with certain substituents which have comparatively small 
primary effects, even the sense of their primary effects is not wholly 
independent of the nature of the other substituents present on the 
same: atom. Thus the successive replacement of hydrogen atoms 
in ammonia, by methyl groups causes at the first step a rise and at 
the last a fall in the basic affinity constant. Again the capacity of 
the CCI3 group to pass, together with its bonding electrons, from one 
state of combination to another (as from proton in chloroform to 
depleted carbon in acetone) suggests that the joint primary (i.e., 
totalised) effect of the three chlorine atoms on the carbon is electron- 
restraining, whereas the primary effect of Cl on carbon of the aro- 
matic nucleus or of carbonyl appears consistently electron-releasing 
(compare J., 1928, 2547) ; on the other hand, a “ permissive ” effect 
might be concerned here. 

Section II. 

* . 

This section deals only with observations of which a more detailed 
account than has been given in the preceding pages seems desirable. 

(1) Action of Methoxymethylpyridinium Chloride on Hydroxy- 
compounds.— {&) Benzyl alcohol. Chlorodimethyl ether (40 g.) was 
slowly added to purified pyridine (100 c.c ) dissolved in dry ether 
{500 c.c.) cooled in ice- water, the crystalline quaternary salt which 
at once separated being then collected rapidly on a Buchner funnel, 
washed with ether, and transferred to a dry flask. A small sample 
■of the chloroplatinite was prepared, and had m. p. 180 — 182° (efferv.) 
(compare Litterschied, AnnaUn, 1901, 316, 168). The bulk of the 
“Salt was heated with dry benzyl alcohol (54 g.) and pyridine (80 c.c.) 
at 90 — 95° for 6 hours, after which time addition of ether to a sample 
of the cooled mixture led to precipitation of pyridine hydrochloride 
(chloroplatinite, m. p. 238—240°). In working up the product, the 
latter, was cooled and mixed with water, made slightly acid, and 
extracted twice with ether (400 c.c. in all), which was then washed 
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with dilute hydrochloric acid and water successively, dried over 
sodium sulphate, and evaporated. From the residual liquid, a 
main portion (40 g), b. p. 205 — 215°, and a less volatile portion 
(5 g.) were obtained. To remove benzyl alcohol, the former was 
shaken repeatedly with a concentrated aqueous solution of sodium 
salicylate * until it suffered no further appreciable diminution in 
hulk and was then refractionated. A fraction (25 g.l, b. p. 208 — 
211°, was obtained, consisting of methoxymethyl benzyl ether , 
C 6 H 5 -CH 2 -0*CH 2 -0-CH 3 . 

The ether is obtained in better yield (about 36 g.) by simply 
mixing benzyl alcohol (54 g.), chlorodimethyl ether (40 g.), and dry 
pyridine (50 g.'i slowly but without special cooling, and working up 
the product as before. It is a colourless oily liquid, b. p. 208- — 211°/ 
7 56 mm., having a fragrant fruity odour (Found : C, 70*8; H, 7*9. 
CgH^Og requires C, 71*1 ; H, 8*0%). 

In each of the following cases, the alcohol was warmed with the 
mixture of chlorodimethyl ether and pyridine for several hours, 
and the product worked up as above. 

(b) oycloHexanol. The yield of methoxymethyl cyclo hexyl ether 
was so poor that a homogeneous product could not be isolated. 
Most of the alcohol was recovered unchanged, and from 50 g. of 
cycZohexanol only 1*8 g. of oil (b. p. 190 — 210°) were obtained (Found : 
C, 67*3; H, 11*2. C 8 H 16 0 2 requires C, 66*6; H, 11*2%). About 
2*5 g. of higher-boiling product (b. p. 255 — 274°) accompanied this. 

(c) sec.-fi-Octyl alcohol . From 65 g. of this alcohol were obtained 
5 g. of methoxymethyl sec. -octyl ether, as a liquid with a fragrant 
odour; b. p. 188 — 190° (Found: C, 69*2; H, 12*7. C 10 H 22 O 2 
requires 6, 69*0; H, 12*6%)- 

(d) “ Amyl alcohol A commercial amyl alcohol, b. p. 131 — 
132°, being used (44 g.), a fraction representing methoxymethyl 
“ amyl 55 ether, was obtained in fair yield (15 g.). This product had 
a very powerful, not unpleasant odour, reminiscent of amyl alcohol 
(Found : C, 63*5; H, 12*2. C 7 H 16 0 2 requires C, 63*6 ; H, 12*7%). 

The action of methoxymethylpyridinitim chloride on amyl alcohol 
appears to be much less energetic than on benzyl alcohol. In the 
latter case the heat disengaged in admixture is sufficient to ensure 
completion of the reaction, but in the former it was found that 
most of the amyl alcohol is recovered unchanged unless the mixture 
is heated on the steam-bath before it is worked up. No special 
trials were made to find the mini m um time necessary. 

(e) Phenol. No reaction appeared to take place with the quater- 

* A solution; of sodium salicylate seems to have been used in industry for 
the separation of alcohols from mixtures of these with non-alcoholic com- 
pounds. 



ASSOCIATED RESULTS OF REPLACEMENT OE HYDROGEN, ETC. 453 

nary pyridinium salt, and no neutral product boiling above 100° 
was detected, A sample of the recovered phenolic material was care- 
fully fractionated in order to ascertain whether any alkylation in the 
nucleus had taken place, but nothing boiling appreciably higher than 
phenol could be isolated. The expected ether, C 6 H 5 ‘0*CH 2 *<>CH 3 
boils at 188 — 189°/760 mm. (compare Centr ., 1909, 1, 1681). 

This inertness of phenol is doubtless associated with its acid 
character, having a parallel in the difficulty which is experienced in 
the alkylation of nitrophenols or carboxylic acids by means of 
aqueous alkali and methyl sulphate. 

The order of the hydroxy-compounds examined as to the facility 
with which they react with methoxymethylpyridinium chloride 
appears to be : benzyl alcohol, amyl alcohol, sec. -octyl alcohol, 
cycZohexanol, phenol, and a close relation with the order of their 
acidities may be suspected. 

(2) Observations on some a- Substituted Nitriles. — (a) CL-Diethyl- 
aminopropionitrile. This compound, which has already been made 
by Klages ( J.pr . Chem. } 1902, 65, 196), is readily produced by slowly 
mixing diethylamine with a slight excess of acetaldehyde and liquid 
hydrogen cyanide in the required proportion. There is considerable 
heat development and careful cooling is therefore necessary. The 
product, after exposure in a vacuum for a short time, forms a mobile 
liquid, stable in absence of water at the ordinary temperature 
(Found: N, 21*9. Calc, for C 7 H 14 N 2 : N, 22-2%). 

A sample so prepared was added to a solution of silver nitrate 
acidified with nitric acid and yielded silver cyanide corresponding 
with I ^3% of free hydrogen cyanide, the nitrile itself (or rather its 
salt) being stable to this reagent. The total CN present in the same 
sample was determined by shaking with excess of dilute sodium 
hydroxide solution and silver hydroxide and then adding excess of 
dilute nitric acid. The total CN found was 23-1% ; hence the 
combined CN was 21*8% (theory requires CN, 20*4%). 

On distillation of the nitrile under reduced pressure, a portion, 
b. p. 72— 77°/17 mm., amounting to about at least 60% of the 
whole is obtained. This appears to consist mainly of the original 
nitrile, but is decidedly more viscous, and some decomposition 
products are probably present. 

The nitrile can also be obtained, though in smaller yield (about 
30% of the theoretical), by adding diethylamine and acetaldehyde 
in equimolecular proportion to a concentrated aqueous solution of 
potassium cyanide and extracting the product with a large bulk of 
ether. Here potassium hydroxide must be formed : 

NHEt 2 + CHg'CHO + KCN •4~>NEt 2 *CH(CH 3 )‘CN -f KOH. 
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When the amino-nitrile is left with water, the odour of hydrogen 
cyanide becomes perceptible within a few minutes. If the hydrogen 
cyanide formed is continuously removed by exposure of the vessel 
in a vacuum desiccator over a solution of sodium hydroxide, the 
layer of oily nitrile gradually disappears and, after several days, 
only a scum of tarry product can be seen on the surf ace of the water, 
though even then a faint odour of hydrogen cyanide is perceptible. 

The pictate is best made from the nitrile before distillation, a 
solution of picric acid in cold dry ether being used. It is deposited 
as long prisms, m. p. 99*5 — 102° ; Mages (loe. cik) gives m. p. 102°. 
As its melting point was appreciably lowered by recrystallisation, 
the crude salt was analysed (Found : C, 44-2 ; H, 4*8; N, 22*3, 
19-7. Calc, for C 13 H 17 0 7 N 5 : C, 43*9; H, 4-8 ; N, 19*7%).' 

(b) M ethoxy acetonitrile. This was made by the method of 
Polstorff and Meyer (Ber., 1912, 45, 1911) from formaldehyde, 
potassium cyanide, and methyl sulphate. Its identity was confirmed 
by its boiling point (120—122°) and other properties (Found: 
C&j-O, 42-7. Calc, for CT^O-CrH^ST : . CH 3 *0, 43*6%), as well as 
by the properties and composition of the methoxyacetamide pre- 
pared from it; needles, m. p. 96*5—97° (Found: CH 3 *0, 34-8. 
Calc, for CHg-O-CsH^ON : CH S *0, 34-8%). 

The nitrile does not yield detectable traces of hydrogen cyanide 
or metallic cyanide when heated alone, with alkalis, with solid 
sodium hydroxide at its boiling point, with potassium in boiling 
toluene, or with silver nitrate and dilute nitric acid, 

■- (c) M ethoxy propionitrile . This compound is most readily made 
by the method used by Polstorff and Meyer in preparing the lower 
homologue, the formaldehyde being replaced by an equivalent 
amount of acetaldehyde. It has previously been made by Gautier 
from the corresponding chloro-ether {Ann. Chim . Phys., 1909, 16 , 
315), 

The product obtained by the present authors had b. p. 128 — 
130° /758 mm. (Found: CH ? *0, 30*0. Calc, for CH 3 -0*C 3 H 4 N : 
0H S *0, 30*1%). It was readily converted into the corresponding 
amide (needles, m. p. 83°, from light petroleum) by means of alkaline 
hydrogen peroxide. It yielded no hydrogen cyanide nor metallic 
cyanide under the most drastic treatment. 

Summary. 

The electron displacement theory of G. N. Lewis, in its application 
to phenomena associated with results of introducing substituents 
into the molecules of carbon compounds, is accepted only in part. 

It is shown that there is good reason to believe that the sub- 
stituents ' 00, NAlk^, OH and 0*CH 3 , in descending order of 
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efficiency, greatly increase the electron fugacity of directly attached, 
4- co-ordinated carbon, and thus form a group in complete contrast 
to the carbonyl and nitro-radicals. 

There is no simple relation between such effects (“primary” 
effects) and the so-called electron affinities (“ electropolar ” factors) 
of substituents. There is a close general connexion, however, 
between the former and the ortho-para directive powers (“ quanti- 
tative ” factors). 

The tendency of a radical to enter into combination with a given 
carbon atom or /and to replace another radical attached thereto, is 
influenced not only by the nature of the radicals already attached 
to the carbon atom but also by those properties of the entrant radical 
which determine what the sign and the magnitude of the “ primary ” 
effect of that radical will be after such combination has taken place. 

Evidence is cited that, at least with a substituent which has a 
comparatively small “ primary ” effect, even the sign of that effect 
is not always independent of the nature of the other radicals attached 
to the atom. 

The tlmvERSiTy, Manchester. [. Received , February 4 th, 1930.] 


~ LXI . — Substituted Diaryl Ethers . Part III. A 
New Synthesis of Substituted Xanthhydrols. 

By Joseph Reilly - and Peter J. Drumm. 

In a recent communication (J., 1927, 2814) the authors showed that 
di-p-tolyl ether "yields only monosubstituted derivatives in the 
Eriedel-Crafts reaction. The product of interaction of benzoyl 
chloride and dhp-tolyl ether was assigned the constitution of an 
ortho-substituted diaryl ether (I) because it was converted into 
9-phenylr2 : 7 -dimethy lxanthen (II) and also because its solutions 
in acetic and sulphuric acids were yellow, indicating xanthhydrol 
formation through ring closure. The non-formation of a phenyl- 
hydrazone was attributed to steric hindrance by the tolyloxy- 
radical in the ortho -position to the carbonyl group. The supposed 
ketone (I) has now been found to be the isomeric 9-phenyl-2 : 7-di- 
methylxanthhydrol (III), which has also been obtained by the action 
of magnesium phenyl bromide on 2 : 7-dimethylxanthone. 

COPh CHPh PhOOH 
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REILLY AND DRUMM : 


This interaction constitutes a simple method of producing substi- 
tuted xanthhydrols in good yield from readily accessible materials. 
Ordinarily, xanthhydrols are prepared from the corresponding 
xanthones by the Grignard reaction (compare TJllmann and Engi, 
Ber., 1904, 37 , 2370). This method is unsuitable in the case of the 
above xanthhydrol, since the preparation of 2 : 7-dimethylxanthone 
from p-cresotie acid is not satisfactory. 

9- Phenyl-2 : 7-dimethylxanthhydrol, when boiled with acetic 
acid, gave 9-phenyl-2 : 7 -di m ethylxanthen (be. eit.), which was also 
prepared by Feuerstein and Lipp (Ber., 1902, 35 , 3255) by distill- 
ation of 6 : 6Vdihydroxy-3 : 3'-dimethyltriphenylmethane. In 
Part II (J., 1927, 2815) it was suggested that Feuerstein and Lipp’s 
compound might be a fluorene on the ground that acetic acid is not 
usually a reducing agent. The xanthen constitution is more in 
line with the experimental facts, reduction of the xanthhydrol 
having been brought about by the presence of reducing agents in 
the acetic acid used : reduction does not take place with specially 
purified acid. The constitution assigned by Feuerstein and Lipp 
was confirmed by the re-conversion of their 9-phenyl-2 : 7-dimethyl- 
xanthen into the corresponding xanthhydrol by oxidation with lead 
peroxide. 

It has been shown by Schmidlin and Garcia Banus (Ber., 1912, 45 , 
3188) that triphenylcarbinol is readily reduced to triphenylmethane 
by heating with alcoholic sulphuric acid, and Kauffmann and 
Pannwitz (ibid., p. 766) have shown that a similar reduction takes 
pia<je by boiling with alcoholic hydrogen chloride. The present 
authors have obtained similar results with these reagents in the case 
of 9-phenyl-2 : 7-dimethylxanthhydrol and comparative experi- 
ments have shown that the latter is reduced much more readily than 
triphenylcarbinol. Formic acid also is an effective but less vigorous 
reducing agent. 

By the action of hydrogen chloride on 9-phenylxanthhydrol in 
chloroform solution, Bunzly and Decker (Ber., 1904, 37 , 2935) 
obtained a coloured chloride. With hydrogen chloride, 9-phenyl- 
2 : 7-dimethylxanthhydrol forms a coloured chbride hydrochloride 
which readily loses a molecule of hydrogen chloride, giving the 
colourless chloride (compare Gomberg and Cone, Anneden , 1909, 
370 , 142). Work on the application of the above synthesis to the 
preparation of substituted thioxanthhydrols is in progress. 

Experimental. 

§-Phenyl-% : 7 -dimethylxanthhydrol. — Finely powdered 2 : 7-di- 
methylxanthone (6 g.) was gradually added to a cooled solution 
prepared from bromobenzene (10 g.), magnesium (1 g.), and anhydr- 
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ous ether (50 c.c.). A vigorous reaction ensued and a yellow 
magnesium double compound separated. After addition of benzene 
(10 c.c.) the mixture was heated on a water-bath for 1 hour. The 
solvent was removed, and the residue decomposed by careful 
addition of ice-cold water. Just sufficient dilute sulphuric acid was 
then added to dissolve basic magnesium salts. On addition of 
alcohol to the mixture the precipitated oil quickly solidified (yield, 
6*2 g.). The product was crystallised from ethyl alcohol-ethyl 
acetate, 9-phenyl-2 : 7-dimethylxanthhydrol being obtained in 
colourless rhombohedra which, alone or when mixed with .the 
product of interaction of benzoyl chloride and di-p-tolyl ether, 
melted at 185 — 186°. 

4'- Dieihylamino- 9:9- diphenyl -2:7- dimethylxcmthen. — Diethyl - 
aniline (1 g.) and 9-phenyl-2 : 7-dimethylxanthhydrol (1 g.) were 
heated under reflux in acetic acid solution for 30 minutes. The 
product, which separated on cooling, was obtained from alcohol- 
ethyl acetate in colourless needles, m. p. 183—184° (Found by the 
micro-method : C, 85*5 ; H, 7*0. C 31 H 31 0]Sr requires C, 85*9 ; 
H, 7*1%). 4' -Diethylamino-9 : 9-diphenyl-2 : 7 -dimethylxanthen is 
readily soluble in chloroform and ethyl acetate and slightly soluble 
in ethyl alcohol. 

9 -Phenyl-2 : 7 -dimethylxanthhydrol chloride hydrochloride was 
obtained on saturating a solution of 9-phenyl-2 : 7-dimethylxanth- 
hydrol in anhydrous ether (containing a few drops of acetyl chloride) 
with dry hydrogen ’Chloride. It separated slowly in well-defined, 
reddish-orange prisms, m. p. 147 — 149° (Found : 01, 20*3. 

C^jH^OCl^HCl requires Cl, 19-9%). The chloride hydrochloride 
is readily soluble in chloroform and acetic acid and insoluble in 
benzene and ether. It is very susceptible to traces of moisture, 
being decomposed immediately by water. Heated in a vacuum 
over quicklime at 130°, it loses a molecule of hydrogen chloride, 
giving the colourless chloride (Found : HC1, 10*8. Calc, for 
C 21 H 17 OCl : HC1, 10*2%). The latter is very unstable, turning red 
on exposure to air. Its double salt with ferric chloride is identical 
in all respects with the ferrichloride prepared from 9-phenyl-2 : 7-di- 
methylxanthhydrol by addition of anhydrous ferric chloride to a 
solution of the xanthhydrol in glacial acetic acid previously saturated 
with hydrogen chloride, which crystallised from glacial acetic acid, 
containing hydrogen chloride, in reddish-orange rectangular plates, 
m. p. 181° (Found : Cl, 30*0. C 21 H 17 OCl,FeCl 3 requires Cl, 29*4%). 
It is stable in the air (not showing any signs of decomposition after 
2 days), but is slowly decomposed by cold, and more readily by hot 
water. It dissolves readily in chloroform, nitrobenzene and acetone, 
but is sparingly soluble in cold acetic acid and insoluble in benzene 
r 2 
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and ether. The mercuric chloride and gold chloride' double salts 
were prepared in a similar manner, the former consisting of reddish 
prisms soluble in chloroform and the latter of golden-yellow needles. 

Addition of a solution of brom in e in acetic acid to a solution of 
the xanthhydrol in the same solvent saturated with dry hydrogen 
bromide gave a precipitate of the tribromide , which formed short 
reddish-orange prisms, m. p. 145—146° (decomp.) (Found 2 Br, 
46*1. C 21 H 17 OBr 3 requires Br, 45-7%). The tribromide is readily 
soluble in chloroform, nitrobenzene and acetone, but is sparingly 
soluble in benzene and ether. Water slowly decomposes it with 
regeneration of the earbinol base. 

9 -Phenyl-2 : 7 -dimethylxanthen. — Zinc dust was gradually added 
to a boiling solution of 9-phenyl-2 : 7 -dimethylxanthhydrol (1 g.) in 
80% acetic acid (50 c.c.). At first a reddish-orange solution was 
obtained, the colour of which was completely discharged after 10 
minutes 5 boiling. The solid which separated from the hot filtrate 
was obtained from glacial, acetic acid in colourless needles, which 
melted* alone or when mixed with the 9-phenyl-2 : 7-dimethyl- 
xanthen of Feuerstein and Iipp (be. cit.), at 195—196°. Contrary 
to the statement of these authors, sulphuric acid in contact with the 
above xanthen does not develop a yellow colour. On heating, 
however, a yellow solution with a green fluorescence is obtained, 
owing probably to partial oxidation of the xanthen to the xanth- 
hydrol by the acid. 

Oxidation of Q-Phe,nyl-2 : 1-dimeihylxanihen, — To a hot solution 
of the xanthen (3 g.) in 80% acetic acid (100 c.c.) was added, during 
1 hour* with stirring, freshly prepared lead peroxide (l mol.) made 
into a paste with acetic acid. The solution, at first colourless, 
gradually assumed a deep orange colour. The solid obtained on 
dilution of the filtrate with water was collected, washed with hot 
water, dried, and redissolved in glacial acetic acid. The ferri- 
chloride was identical with that from 9-phenyl-2 : 7-dimethyI- 
xanthhydrol. 

University College, Cork. [Received., December 9th, 1929.] 

LXII . — Photomicrographic Methods applied to Two- 
component Salt Mixtures. 

By Walteb Matthew Madges. 

Discussing the deduction of the type of a two-component system, 
Freeth (J. Physical Chem., 1925, 29, 497) states that the methods 
of thermal analysis are not conclusive in many cases. Such methods 
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would be expected to be most inconclusive in systems where the 
melting point of each component is lowered by addition of the 
second component and where the solids are wholly or partially 
miscible : in both of these systems cooling curves may be misleading, 
e.g., when the: rate of cooling is too rapid and gives rise to cored 
structure, and the systems may be mistaken for simple eutectic 
systems. The very successful application of photomicrographic 
methods to the study of metallic alloys suggests that similar methods 
might be of value in the cases discussed above, and, in fact, 
Schemtschuschny (Z. anorg. Chem ., 1908, 57, 267) has thereby 
obtained useful data as to the miscibility or otherwise of potassium 
chloride with potassium chromate, potassium dichromate, or silver 
chloride. 

From the results of thermal analysis, Guthrie (Phil. Mag., 1884, 
47, 462) concluded that the salt pair potassium nitrate-lead nitrate 
formed a simple eutectic system, but he did not prove the non- 
existence of limited solid miscibility. Accordingly a photo- 
micrographic study of this system has been undertaken, and the 
results afford confirmation of Guthrie’s. In addition, they point 
to the conclusion, which would be difficult to deduce from thermal 
data, that the components of the system show little or no solid 
miscibility. 

Pure lead nitrate is not fusible without decomposition, but with 
potassium nitrate it forms fusible mixtures of low melting point 
which are; stable provided they do not contain more than 70% of 
lead nitrate (Guthrie, loc. cit.). The melting point of this limiting 
mixture is given as 335°, which is therefore the highest working 
temperature permissible and is practically the melting point of pure 
potassium nitrate (330°; Briscoe and Madgin, J., 1923, 123, 1608). 
This restricted working temperature is an important consideration 
when synthetic mixtures are being prepared as described below. 

Experimental. 

The materials used were supplied as of pure quality and were 
recrystallised until analysis showed at least 99*9% purity. 

Mixtures of potassium nitrate and lead nitrate in various pro- 
portions and cast in a suitable form for polishing were prepared 
in ordinary glass test-tubes (§" diameter) by weighing an amount 
of lead nitrate in a tube and adding a weighed amount of potassium 
nitrate, which was always on top of the lead salt. The test-tube 
was placed in an electric heater s im ilar to that described by Briscoe 
and Madgin (loo. cit.) but sufficiently large to cover most of the tube. 
By this procedure no decomposition of lead nitrate ever occurred. 
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since the temperature never exceeded 335°, and no lead nitrate could 
ever be left undissolved, being always below the potassium nitrate. 

When complete fusion had occurred, the heater was slowly cooled 
by altering the external resistance, and the rate of cooling was 
adjusted so as to secure the growth of large crystals. The com- 
position of the various mixtures used is shown below as % of 
potassium nitrate by weight, No. 4 being the eutectic mixture : 


Mixture No 1 2 3 4 5 . 

KN0 3 , % 89-6 77-S 65-3 48-6 35*9 


Mixtures at or near the eutectic composition (Nos. 3, 4, and 5) 
required very slow cooling, viz., 10° per hour, in order to yield 
moderately large crystals. Nos. 1 and 2 were cooled much more 
rapidly, being completely solidified in one hour (a fall of 130°); 
otherwise the primary crystals of potassium nitrate were much too 
large and the enclosed eutectic solid was difficult to detect. 

The eutectic composition given above differs slightly from that 
given by Guthrie (loc. cit.) and was therefore redetermined as a 
preliminary to the present work. Further details of this deter- 
mination will be published elsewhere. 

The solidified mixtures obtained as described above were of such 
an amount as to fill the test-tubes to a depth of 1 inch. After 
removal from the test-tubes, the castings were sawn into pieces 
about in length and the fresh-cut surfaces were polished. 

Polishing of Specimens —The surfaces were filed smooth, rubbed 
on emery cloth, and then on three grades of emery paper of increasing 
fineness. This gave a moderate polish but left scratches readily 
visible under the microscope ; further polishing was therefore done 
on Selvyt cloth on a rotating wheel. 

The result of these various treatments was a highly polished but 
flowed surface, with little or no structure visible, and as ordinary 
etching reagents could not be employed to remove this surface, 
96% alcohol was tried (compare Schemtschuschny, be. cit.). 
Polished specimens were placed in warm 96% alcohol for about 
1 minute, then removed and repolished on the Selvyt cloth. Two 
or three repetitions of this treatment gave a highly polished surface, 
which showed the structure of the specimen very clearly when 
examined under the microscope with vertical illumination. It was 
concluded that the small amount of water in the alcohol had been 
sufficient to remove the flowed surface and etch lightly the surface 
beneath. -' 

Microscopic examination showed the existence of two distinct 
crystalline Substances, one white and the other dark grey. Since 
the specimens were white, this difference is attributed to alteration 
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cooling between two plane glass surfaces, where complex capillary 
forces would exist, and this does not provide a convenient method 
for examining structure. 

Results . — The photomicrographs show that potassium nitrate and 
lead nitrate mixtures containing between 89*6% and 36% of the 
former afford no evidence of solid miscibility and form a eutectic 
.system ; banded eutectic structure is easily recognisable in all 
eases, and staining with hydrogen sulphide enables the two com- 
ponents to be differentiated readily. However, the possibility of 
partial solid miscibility is not excluded in mixtures of compositions 
outside the above range. Mixtures containing less than 36% of 
potassium nitrate would have melting points above 335® and 
therefore could not be examined. On the other hand, microscopic 
examination of specimens containing 93, 96, and 98% of potassium 
nitrate showed the presence of the usual eutectic structure in all 
cases and, after the specimens had been stained with hydrogen 
sulphide, the presence of banded eutectic areas between large 
primary crystals was much more easily recognisable. The photo- 
micrographs of these specimens are not included, as they did not 
show any fundamental differences from the specimens illustrated. 

The stained specimens (Figs. 5, 6, and 7) provide valuable evidence 
of the absence of solid miscibility. If solid lead nitrate was in any 
way miscible with potassium nitrate, lead sulphide staining should 
penetrate throughout the white crystals of potassium nitrate. The 
absence of such penetration (e.g. 3 Fig. 5) is evidence that the two 
components are immiscible in the solid state. 

Figs. 2, 4, and 7 show that lead nitrate, the constituent in excess, 
tends to form dendrites much more than potassium nitrate appears 
to do. It is seen in Fig. 4 that the primary crystals of lead nitrate 
are surrounded by dark-coloured bands which do not appear to 
contain any of the lead salt. According to Huntington and Desch 
(Tram. Faraday Soc., 1908, 4, 51) this phenomenon is due to 
segregation, large crystals growing at the expense of small crystals 
when both are in contact with a saturated solution, and it may be in 
some way related to the tendency of lead nitrate to exhibit dendritic 
growth. Similar phenomena were not observed in mixtures eon* 
taining excess of potassium nitrate. It was thought that the 
formation of these bands surrounding primary crystals might be the 
outcome of supercooling, since Guthrie (Zoc. cii.) has shown that the 
eutectic m ix ture and also those mixtures containing excess of lead 
nitrate exhibit pronounced supercooling, whereas mixtures con- 
taining excess of potassium nitrate do not manifest such super- 
cooling. However, Lamplough and Scott (Proc. Roy . JSoc., 1914, 
90 , A , 6(H)) have confirmed the conclusions of Huntington and Desch ’ 
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and have shown that these bands surrounding primary crystals may 
be formed without supercooling and may be absent when supercooling 


occurs. 


Summary . - • 

: (1) A method of preparing etched and polished surfaces of 
mixtures of lead and potassium nitrates is described, and such 
surfaces are illustrated by photomicrographs. 

(2) Hydrogen sulphide reacts with the lead nitrate in these 
mixtures, and in the photomicrographs the resulting' lead sulphide 
enables the structure to be seen very clearly. 

(3) It is concluded that solid potassium nitrate and lead nitrate 
are completely immiscible when the former exceeds 35% by weight 
in any mixture. Mixtures containing more than 65% of lead 
nitrate cannot be investigated. 

(4) The results are in agreement with Guthrie’s thermal analysis 
of the same system. 


University of Durham (Armstrong College), 

Newcastle-upon-Tyne. [. Received , December 30th, 1929 .] 


- LXIILr— 27ie Interaction between Alkyl Orignard 
Reagents and Antimony Trichloride. 

By Wilfred James Cecil Dyke, Walter Cule Davies, and 
William Jacob Jones. 

On treating magnesium ethyl bromide in ethereal solution with 
excess, of antimony trichloride, Auger and Billy (Gompt rend., 1904, 
439, 599) obtained a mixture which they supposed to contain 
ethyl-diohloro- and -dibromo-stibine, Using equivalent weights of 
magnesium, methyl iodide, and antimony trichloride, Hibbert 
(Ber., 1906, 39, 160) prepared trimethylstibine (which he isolated as 
dibromide representing a yield of 60—70%), together with high- 
boiling by-products, which were not further examined. Subse- 
quently, Hibbert’s method was employed both by Hantzseh and 
Hibbert (Ber., 1907, 40, 1512), and by Morgan and Yarsley (J., 
1925, 127, 184), who devised a special form of .apparatus in which 
the trimethylstibine was purified by distillation of its dibromide 
with zinc in an inert atmosphere. Morgan and Yarsley also used 
triethyl- and tri-n-butyl-stibine in attempts to prepare bistfialkyl- 
stibinedichloroplatinums , but they do not describe the properties of 
the butylstibine. The reactions of the substituted chloro- and iodo- 
stibines with alkyl Grignard reagents have been investigated by 
Gruttner and Wiernik (Ber., 1915, 48, 1484, 1759), by Grutfcner and 



464 DYKE, DAVIES, AND JONES THE INTERACTION BETWEEN 

Krause (Bet., 1916, 49, 437), and by Ingold, Shaw, and Wilson (J., 
1928, 1283). 

The purpose of the present work was twofold, viz., (1) to investigate 
the character and yields of products other than tertiary stibines, 
and (2) to characterise the tertiary stibines and investigate their 
general properties. 

Tn all cases hydrocarbon, formed by the synthetic action of the 
magnesium on the alkyl bromide, was isolated by exhaustively 
treating the first r unning s, obtained in the isolation of the stibine, 
with concentrated sulphuric acid. 

No evidence . of any considerable formation of alkylhalogeno- 
stibine, such as that supposed by Auger and Billy (be. tit.), was 
obtained. Moreover, no higher-boiling product then the stibine 
(compare Hibbert, loc. tit.) was produced in appreciable amount, 
except the stibine oxide, which, in spite of careful exclusion of air, 
was always formed to a slight extent. 

Interaction between alkyl Grignard reagents and antimony 
trichloride is always accompanied by separation of finely divided 
antimony. Direct experiment has proved that on mixing alkyl- 
stibines with antimony trichloride there is immediate reduction to 
antimony. 

The total yield of stibine in a preparation, determined iodo- 
metrically {see Experimental), was generally 60 — 70% of the 
theoretical, in agreement with that found by Hibbert in the case 
of trimethylstibine, but for triethylstibine the yield was 80 — 85%. 

In view of the ease of oxidation of the trialkylstibines, special 
precautions were taken to exclude air, both during reactions and in 
the subsequent separation and manipulation of the products. 

Trimethylstibine (Landolt, Annalen, 1851, 78, 91) and triethyl- 
stibine (Lowig and Schweizer, ibid., 1850, 75, 315, 327) have long 
been known, but, excepting the preparation of tri-?&-butylstibme by 
Morgan and Yarsley (he, tit,), no preparations of higher trialkyl- 
stibines have been recorded since 1856, when Berle (Annalen, 1856, 
97, 316) prepared a triamylstibine. 

The higher trialkylstibines are clear liquids of peculiar odour. 
Their density falls regularly as the series is ascended, whilst their 
boiling points rise. When distilled under reduced pressure, the 
lower members pass over undecomposed, but tri-n-hexylstibine is 
partly decomposed. When cooled to the temperature of liquid air, 
they ftystaHise. They are only slightly miscible with water, but 
at the ordinary temperature they mix in all proportions with alcohol* 
ether, benzene, and carbon disulphide. ....... 

Trialkylstibines combine vigorously with oxygen, which causes 
an immediate clouding of the originally clear liquid, considerable 
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heat being evolved. The avidity for oxygen, however, falls off with 
increased molecular weight. Stibines readily ignite when warmed 
in the air, burning with the greyish-green flame characteristic of 
antimony and evolving clouds of antimonous oxide. When allowed 
to fall on filter paper, they cause charring and, if in quantity, 
ignition. Chlorine, bromine, and iodine readily combine with the 
stibines, dihalides being formed quantitatively. In contradis- 
tinction to the phosphines, trialkylstibines combine only lethar- 
gically with methyl and other alkyl iodides, and with carbon di- 
sulphide they yield no coloured compounds. They reduce mercuric 
salts in cold aqueous solution, and, on warming, auric and silver 
salts also, to the metal. 

Antimony was determined in the stibines by heating the com- 
pound with sodium carbonate in a stream of oxygen 
in a combustion tube. The contents of the tube 
were dissolved in 10% hydrochloric acid and 
antimony trisulphide was precipitated from the 
boiling solution by the passage of hydrogen sulphide 
for £ hour. An equal volume of hot water was then 
added to the liquid, and the stream of hydrogen 
sulphide was continued for 5 minutes. The pre- 
cipitate was collected on a Gooch crucible, washed, 
and dried for 2 hours at 130° and for 2 hours at 
280 — 300° in carbon dioxide. 

Experimental. 

The apparatus consisted of a wide-necked bottle, 
of 1 litre capacity, fitted with a rubber stopper 
carrying a mercury-sealed stirrer, a dropping funnel, 
a reflux condenser, an inlet tube for hydrogen, and 
a siphon whereby liquid layers could be withdrawal and separated 
in absence of air. The exterior limb of the siphon was fitted with 
a tap and it slid smoothly through a glass jacket fixed in the stopper 
of a separating funnel (see fig.). Air- tightness was secured by 
stretching rubber tubing over both the jacket and the limb of the 
siphon. The other limb of the siphon passed into the reaction 
bottle by a similar device, which permitted adjustment of the siphon 
to any desired level. The separating funnel was provided with two 
tubes with taps to serve either as inlet and outlet, respectively, for 
carbon dioxide, or for the application of suction. 

The Grignard solution was prepared by dropping the freshly 
prepared alkyl halide, dissolved in 150 c.c. -of: ether, on 12T, g. of 
magnesium turnings immeraed in 150 c.c. of ether to which a granule 
of iodine had been added. Throughout the preparation of this 
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solution and its interaction with antimony trichloride,, pure dry 
hydrogen was passed over the liquid. The liquid was then cooled 
to 0° and 38*1 g. of freshly redistilled antimony trichloride in 100 
c.c. of ether were added drop "by drop. After the addition was 
complete the mixture was wanned for \ hour, again cooled to 0°, 
and then treated with ammonium chloride solution. The separat- 
ing funnel was now filled with pure dry carbon dioxide, and the 
ethereal layer was transferred from the reaction bottle into the 
funnel. In this way an unclouded solution was obtained. ? 

In the estimation of the total yield of stibine a standard solution 
of iodine in ether, or of bromine in carbon tetrachloride, was run into 
the funnel through the inlet tube until the colour persisted, indicat- 
ing quantitative conversion into the dihalide. 

In cases where the stibine was isolated, the ethereal solution was 
dried with anhydrous sodium sulphate, the ether distilled ofi: in an 
atmosphere of carbon dioxide, and the residue fractionally distilled 
under reduced pressure. A 2° fraction containing the stibine 
was collected in a pyknometer-receiver with a tubular neck and 
ground-glass stopper. The stibine was thus obtained as a clear 
liquid. 

Triethylstibine was prepared by the addition of the equivalent of 
antimony trichloride in ether to the Grignard solution prepared from 
55 g. of ethyl bromide. The total yield of stibine in the ethereal 
solution was 80—85%. 

Tri-n-propylstibine , obtained by the addition of antimony 
trichloride to magnesium w-propyl bromide prepared from 62 g. 
of the alkyl bromide, has b. p. 100°/25 mm., 113°/39 mm. ; dff 
1-241 (Pound: G, 43*2; H, 8*5; Sb, 48-1. C 9 H 21 Sb requires C, 
43*1 ; H, 8*4 ; Sb, 48-5%). The total yield of stibine was 60—70%, 
and the yield of purified material 11 g. The stibine possesses a 
penetrating, alliaceous odour. 

The residue after removal of ether in the case of the interaction 
between antimony trichloride and magnesium isopropyl bromide, 
on being heated tinder reduced pressure, continuously emitted 
gaseous decomposition products. This result is comparable with 
that obtained in the interaction between various phosphorus 
chlorides and the Grignard reagent of isopropyl bromide (Davies, 
Pearsej and Jones, J., 1929, 1268)- 

Prom the products of the interaction between magnesium w-butyl 
bromide (from 69 g. of 7i-butyl bromide) and its equivalent of 
antimony trichloride, a first fraction containing 7i-octane was ob- 
tained.. Prom this, 5 g. of the purified hydrocarbon, b.p. 125°/760 
mm., were isolated. The distillation was continued under reduced 
pressure, whereupon there were obtained 11 g. of tri-n-butylstibine, 
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b. p. 131°/12 mm.; df 1-191 (Found : C, 48-8; H, 9-9; Sb, 40-5. 
C 12 H 27 Sb requires C, 49*2 ; H, 9-3 ; Sb, 41-5%). 

Triisobutylstibine , b. p. 135° /3i mm., df 1*323 (Found: Sb, 
41*8. C 12 Hg 7 Sb requires Sb r 41-5%), .was prepared (yield, 11 g.) by 
the interaction between the antimony halide and magnesium iso- 
butyl bromide made from 69 g. of the alkyl bromide. The first 
runnings furnished 6 g. of [k-dimethylhexane, b. p. 109°/760 mm. 
The butylstibines possess a mixed alliaceous-butylic odour. The 
asobutylstibine is distinctly yellow. 

The preparation of tri-n-amylstibine was effected by adding anti- 
mony trichloride to the Grignard reagent obtained from; 76 g. of 
n-amyl bromide ; yield, ! 5 g., b.p. 16871fi nim., df 1*136 (Found : 
C, 53*8 ; H, 9*3 ; Sb, 37*2. CisH^Sb requires G, 53*7 ; H, 9*9; Sb, 
36-3%). In the preparation of this stibine there were obtained 
8 g. of %-decane, b. p. 88°/50 mm. (Krafft, Ber., 1882, 15, 1695, 
gives b. p. 90750 mm.). 

Tri-dl-$-methylbutylstibine , obtained from the Grignard reagent 
made from 76 g. of ^-(3-methvlbutyl bromide (yield, 10 g. of purified 
product), has b. p. 150°/14 mm.; df 1*242 (Found: Sb, 36*5; 
Ci 5 H 33 Sb requires Sb, 36*3%). The synthetic action of the mag- 
nesium gave 6 g. of y^-dimethyloctane, b. p. 159°/760 mm. 

The interaction between equivalents of antimony trichloride and 
magnesium ^oamyl bromide yielded 10 g. of trmoamylstibine (tri-y- 
methylbutylstibme), b. p. 149°/14 mm.; df 1-227 (Found: Sb; 
36*2. C^H^Sb requires Sb, 36*3%). There were obtained 10 g. 
of pYj-dimethyloctane, b. p. 159°/760 mm. When distilled in a stream 
of carbon dioxide under atmospheric pressure, the stibine passed over 
with considerable decomposition at about 260°. All the amyl 
stibines have a preponderatingly amylic smell. n-Amylstibine is 
colourless, but p- and y-methylbutylstibines are both yellowish. 

Tri-n-hexylstibine, prepared (yield 10 g.) from the Grignard 
reagent made from 83 g. of 71 -hexyl bromide, boils at 190°/10 mm. 
with partial decomposition and liberation of antimony. The 
distillate had df ca,* 1*15. For the purpose of analysis the separated 
antimony was allowed to settle out of the liquid (Found : Sb, 31*2. 
C 1 gH 39 Sb requires Sb, 32*3%). The smell resembles that of n- hexyl 
alcohol. In this preparation 12 g. of n-dodecane, b. p. 95°/12 mm. 
(Krafft, loc. cit. 9 gives b. p. 98°/15 mm.), were obtained. 

Investigation of derivatives of the trialkylstibines is being 
pursued. 

' The Tatem LABOBAToams, Unxvebsity_ Coixbgb, - 
; ’ Cardebt. j [Received, J anuary 2Btk, 1930.] 



468 


DAVIES, DIXON, AND JONES : 


LXIV . — Syntheses by Means of Magnesium Amyl 

Halides. 

By Walter Cule Davies, Robert Sinclair Dixon, and 
William Jacob Jones. 

Although the magnesium derivatives of £soamyl halides have been 
extensively employed in synthesis, the use of Grignard reagents 
containing the w-amyl radical and, particularly, the (3-methylbutyl 
radical has been rare. Those of the former type have been used 
by Henry and de Wael ( Rec . trav. chim., 1909, 28, 446), by Pexters 
{Bull. Acad, roy, Belg ., 1906, 796), by Griittner and Krause (Be?\, 
1916, 49, 2666), by Davies, Pearse,, and Jones (J., 192.9, 1265), and 
by Dyke, Davies, and Jones (preceding paper) ; and the Grignard 
reagent of dl- (3 -methy Ibutyl bromide was used for the first time by 
Davies, Peaxse, and Jones, and later by Dyke, Davies, and Jones, 
whilst Klages apd Sautter (Ber., 1904, 37, 653) used that prepared 
from optically active amyl iodide. 

The products of the reactions of certain aldehydes and ketones 
with magnesium ^-amyl and dl-$- methylbutyl bromides are now 
described. In these preparations several types of reaction were 
encountered, although the conditions were so chosen that the 
addition reaction yielding carbinol should predominate. 

In all cases the decanes were produced as by-products. Under 
the conditions existing in the present experiments the extent of 
this synthetic action of metallic magnesium on the amyl bromides 
was such as to yield about 24 c.c. of decane per 24*3 g. of magnesium. 
The decane was isolated from the fraction, b. p. 70— 100°/50 mm., 
of the product by shaking with concentrated sulphuric acid, washing 
with water, drying over sodium, and distillation. In this way were 
obtained ji-decane, b. p. 169°/760 mm., and dZ-yC-dimethyloctane, 
b. p. 79°/50 mm., 1597760 mm.; 0-7307; nf 1*4106; [B L ] D 
48*33 (Calc., 48*38) (Found: C, 84*6; H, 15*3. Calc, for C^EL^ : 
C, 84*5; H, 15*5%) (compare Dupont, Ann. Chim., 1913, 30, 516). 

Enolisation of the reacting ketone by the Grignard compound 
occurred extensively between acetophenone and magnesium dl-$- 
methylbutyl bromide. For instance, purified acetophenone in 52% 
yield was recovered from the product of reaction, with only 14% 
yield of the purified tertiary alcohol. In striking contrast thereto 
was the behaviour of magnesium n- amyl bromide with acetophenone, 
where a 30% yield of purified alcohol was obtained, but no aceto- 
phenone was recovered. These results are consonant with the views 
of Conant and Blatt ( J: Amer ; Chem. Soc 1929, 51, 1236) that the 
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occurrence of subsidiary reactions, such as enolisation, can be 
correlated with branching of the alkyl groups involved. 

In no case in the present work was reduction met with, but con- 
densation appeared to have occurred in the interaction between 
methyl n- nonyl ketone and magnesium dl- p-methylbutyl bromide, 
since an appreciable amount of a substance having a higher b. p. 
than the carbinol was obtained. 

In several cases, details of which are given in the experimental 
portion, the yield of carbinol was low owing to loss of the elements 
of water and formation of unsaturated hydrocarbon dur ing the 
reaction and isolation; and in every case the dehydration was 
readily effected even on treatment with mild agents. 

The preparation of esters of the amylcarbinols, particularly those 
which contain other higher radicals, is often attended by diffi culties. 
For instance, the acetic ester of phenylmet7iyl-($-methyl butyl)- 
carbinol was obtained in poor yield, but on being distilled even 
under reduced pressure it continuously decomposed. Again, in an 
attempt to prepare the bromide of this carbinol, $-phenyl-%-methyl- 
A# -hexylene was obtained in good yield. In a similar attempt with 
pJienyl-($-methylbutyl)carbinol, the bromide obtained readily parted 
with hydrogen bromide, yielding c^a-phenyl-y -methyl- A a -amylene 
(dibromo-compound, m. p. about 75°), the optically active form of 
which has been described by Klages and Sautter (loc. tit.). In a 
preparation of the oxalic ester of phenyl-ft-amylcarbinol,by heating 
the latter with the anhydrous acid, a considerable amount of 
unsaturated hydrocarbon was formed, and on distillation the 
residual oxalate broke down. 

The amylcarbinols prepared in the present investigation gave 
methane with an amyl-ethereal solution of magnesium methyl 
iodide. 

Experimental. . 

Preparation of Garbinols. — The aldehyde or ketone in ethereal 
solution was dropped into the filtered Grignard solution, which was 
kept at 10°. Equivalent weights of the reactants were used. After 
the addition was complete the mixture was gently boiled for \ hour, 
poured on ice, and treated with sufficient mineral acid to dissolve 
the precipitated magnesium salts. The ethereal layer was washed 
with sodium bicarbonate solution, with the addition, where neces- 
sary, of sodium bisulphite solution. The dried ethereal solution was 
fractionally distilled under 50 mm. pressure. The carbinol fraction 
was redistilled. 

Preparation of Ketones.— 20 C.e. of the secondary alcohol were 
gradually added with shaking and cooling to 100 c.c. of a saturated' 
solution of potassium dichromate in 20% aqueous sulphuric" acid*. 
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The mixture was then mechanically shaken for 5 hours. The result- 
ing ketone .was extracted with ether, isolated by fractional distil- 
lation, re distill ed, and purified by freezing where possible. 

All thermometer readings given have been corrected. 

Phenyl-n-amylcarbiTiol was prepared by the addition of 106 g. of 
benzaldehyde in 100 c.c. of ether to a Grignard solution made from 
151 g. of %-amyl bromide, 24-3 g. of magnesium, and 500 c.c. of ether. 
The alcoholic fraction distilled at 167— 17l°/50 mm., and on redis- 
tillation yielded 64 g. of pure alcohol, a thick liquid, b. p. 170°/ 
50 mm. ; 0*9477 ; nf 1*5042* [E X ] D 55*65 (Calc, for 

55*54); nf-nf 0*0136 (Calc., 0*0122) (Found: C, 81*1; H, 9*9. 
C 12 H 18 0 requires C, 80*9; H, 10*1%). Phenyl rc-amyl ketone, 
m. p. 27° (semicarbazone, m. p. 132°) (compare Schroeter, Ber., 
1907, 40, 1603), was obtained on oxidation of the alcohol. 

From the products of the interaction between anisaldehyde and 
magnesium 7 &-amyl bromide there was obtained a considerable 
amount of anisaldehyde, identified by b. p., 164°/50 m m. (literature 
gives 166°/50 mm.), and by conversion into anisic acid, m. p. 184°. 
The first fractional distillation of the product also gave 
phenyl-n-amylmrbinolyb. p. 207— 210° /50 mm. On being redistilled 
at low pressures tins carbinol partly decomposed with elimination of 
water, a behaviour similar to that observed by Stedman and Sted- 
raan (J., 1929^ 614) in the case of the Corresponding methyl carbinol, 
Qn this account the carbinol distillate was saturated with hydrogen 
chloride and then boiled with excess of pyridine, whereby, after 
treatment with water, there was obtained ot-ip-metkoxyphenyl - 
A “-hexylene, b. p. 187 — 188°/50 mm.; drjf 0*9594; n^ m 1*5356; 
[£ x ]o 61*77 (Calc, for C 13 H 18 0,4|= 59*81); nf-nf 0*0213 (Calc., 
0-0134) (Found : C, 81*4; H, 9*7. C 13 H 18 0 requires C, 82*0; H, 
9*5%). This compound readily adds on bromine. 

Methylethyl-n-amylcarbinol was prepared by adding 72 g. of 
methyl ethyl ketone in 75 c.c. of ether to the Grignard reagent 
formed by 151 g. of u-amyl bromide, 24*3 g. of magnesium, and 
500 c.c, of ether. The alcoholic fraction after several redistillations 
yielded 35 g. of the purified carbinol, b. p. 97*5°/50 mm.; djf 
0-8108; 1*4257; [i* x ] D 45*52 (Calc., 45*29); nf-nf 0*0077 

(Calc,, 0*0074) (Found: C, 75*5; H, 13*8. CgH^O requires C, 
74*9; H, 14*0%). The carbinol is a mobile liquid, possessing a 
characteristic, slightly peppermint-like, smell. 

Me&yl-n^myl-n-7ionylMrbinol was obtained from the product of 
the interaction between 170 g. of methyl w-nonyl ketone, dissolved 
in lOO c.c. of ether, and magnesium ?&-amyl bromide prepared from 
the equivalent of the amyl bromide. The ketone was obtained by 
washing oil of rue successively with 20% sulphuric acid, 5% sodium 
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carbonate, and 5% sodium hydroxide solutions, and fractionally 
distilling it under reduced pressure, and was finally purified by 
repeated freezing (Sanderson and Jones, J. Soc . Chem. Ind: y 1923, 
42, 1). The interaction between the ketone and the Grignard 
reagent.was not vigorous, and, for that reason, the mixture was kept 
for 12 hours. The usual separation of the magnesium salt-complex 
was not observed in this case, but the treatment with crushed ice 
and mineral acid was continued as in the other preparations. The 
ether having been expelled, the product was repeatedly fractionally 
distilled under 50 mm. pressure, whereby there were obtained the 
following main fractions : (1) up to 115°, decane, whieh on treat- 
ment with concentrated sulphuric acid gave 2Q c.c. of the hydro- 
carbon; (2) 143—147°, methyl u-nonyh ketone* 50 c.c., identified 
by its semicarbazone, m. p. 123° ; (3) 199 — 200°, methyl-^-amyl- 
w-nonylcarbinol, 80 c.c.; df 0*8316, nf 1*4446, [E 77*50 
(Calc., 77*61), 0-0079 (Calc., 0*0079) (Found: C, 79*7; 

H, 14*2. C-j^gH^O requires C, 79*3 ; H, 14*2%). The large amount 
of recovered ketone suggests enolisation. It is noteworthy that the 
only previous application of the Grignard reagent to this ketone was 
in the preparation of dimethyl-w-nonylcarbinol (Houben, Ber., 
1002, 35, 3591). 

Phenylrwthyl-n-amylmrbinol has b. p. 169°/50 mm.; df 0*9389; 
nf 1*5028; [E^ 60*47 (Calc, for 60*16) ; nf—nf 

0*0131 (Cale., 0*0119) (Found : C, 80*5 ; H, 9-8. C 13 H 20 O requires 
fi , 81*2; H, 10*5%). It was .prepared by the interaction of 120 g. 
of acetophenone with the magnesium w-amyl biomide made from 
151 g. of the bromide and 24*3 g. of magnesium. The crude carbinol 
fraction contained unsaturated hydrocarbon, from which the carbinol 
was purified by redistillation; yield, 58 g. 

Methyl p-methylbutyl ketone has been prepared by Kohler (Amer. 
Chem . J., 1907, 38, 527) from ethylideneacetone and magnesium 
ethyl bromide, and by Clarke ( J. Amer . Chem. Soc 1908, 30, 1150) 
by the hydrolysis of ethyl sec.-butylacetoacetate. We have now 
prepared it by treatment of the carbinol fraction, 68^-73°/50 mm., 
obtained from the interaction between acetaldehyde and mag- 
nesium dl- j3 -methylbutyl bromide, with a saturated solution of 
potassium dichromate in 20% sulphuric acid. The ketone was 
purified through its semicarbazone, 62 c.c. of the crude material 
being mechanically stirred on the water-bath for 2 hours with 38 g. 
of semicarbazide hydrochloride, 47 g. of sodium acetate trihydrate, 
12 c.c. of ethyl alcohol, .and 140 c.c. of water. The solid semi- 
carbazone was recrystallised from aqueous alcohol, and gave 27 g. 
of pure product. 

Methyl p- methylbutyl ketone semicarbazone, m. ’ p. 120 — 121° 
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(Found : 1ST, 24-2. C 8 H 17 0N 3 requires N, 24-5%), was converted 
by 1 hour’s boiling with 15% hydrochloric acid into the ketone, 
b. p. 68°/5 0 mm,, 69*5°/57 mm.; df 0*8085; nf 1-4050 ; [R L ] D 
34-56 (Calc., 34*54); nf-nf 0*0073 (Calc., 0*0074) (Found : 
C, 74-0; H, 12-5. Calc, for C 7 H 14 0 : C, 73*7; H, 124%). 

Klages and Sautter ( loc . cit.) state that the product of interaction 
between benzaldehyde and the magnesium derivative of active amyl 
iodide consists chiefly of active hexenylbenzene, together with some 
of the carbinol, which they did not isolate. In the present experi- 
ments, however, no difficulty was experienced in isolate 
inactive carbinol in pure condition and fair yield. Moreover, no 
elimination of water from the carbinol during reduced-pressure 
distillation was noticed (contrast Klages and Sautter, loc. cit.). 
Phenyl‘($-7Wthylbutyl)mrbinol (yield, 40 g.), obtained by the addition 
of 106 g. of benzaldehyde to magnesium dZ-p-methylbutyl bromide 
prepared from 151 g; of the dZ-amyl bromide, has b. p. 163°/50 mm. ; 
df 0*9523 ; nf 1*5059- [R£\b 85-51 (Calc, for - . C 12 H 18 0,3T, 
55*54); nf-nf 0*0143 (Calc., 0*0123) (Found : C, 81-0; H, 
10*0 ; OH, 8*3. C 12 H 18 G requires C, 80*9 ; H, 10*1; OH, 9*5%). 
On dehydration the carbinol yielded unsaturated hydrocarbon. 
Phenyl $-methylbuiyl ketone (Found: C, 81*4; H, 9*0. C 12 H 16 0 
requires C, 81*8; H, 9*1%) boils at 163° /50 mm. ; df 0*9640 ; 
rtf 1*5093; [M£\i> 54*49 (Calc, for C 12 H 16 0,3f, 54*03); nf-nf 
0*0156 (Calc., 0*0127). The semicarbazone (Found : ‘ ■ N, 18*3. 
C 13 H 19 ON 3 requires N, 18*0%), m. p. 160°, separates as rods from 
alcohol. 

In an attempt to prepare p-methoxyphenyl (3-methylbutyl ketone, 
by oxidising the product obtained from the, interaction of mag- 
nesium dl- (3 -methylbutyl bromide with anisaldehyde, considerable 
amounts of anisaldehyde and anisic acid were obtained, but no 
ketone. 

Methytehyl-($-metkylbutyl)carbiiwl, b. p. 95 — 97°/50 mm. ; df 
0*8177; nf 1*4251; 45*10 (Calc., 45*29); nf-nf 0*0076 

(Calc., 0*0075) (Found : C, 74*6; H, 13*9. O^O requires C, 
74*9; H, 14*0%), results (in 25 g. yield) from the interaction of 
72 g. of methyl ethyl ketone in 100 c.c. of ether with magnesium 
<$- ^-methylbutyl bromide made from 151 g. of the bromide and 
24*3 g. of magnesium. The smell of the carbinol resembles that of 
the corresponding tt-amyl carbinol, but is more penetrating. 

Meihyl-($-methylbutyl)-TL-7ionylcarbinol was prepared by treating 
170 g. of methyl ?i-nonyl ketone in 100 c.c. of ether with magnesium 
dl- ^-methylbutyl bromide prepared from- the ; equivalent of the 
alkyl bromide^ and keeping the reaction mixture for 12 hours. 
Here also, as in the preparation of methyl-«-amyl-?i-nonylcarbinol, 
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there was no separation of the magnesium salt-complex. After 
treatment with mineral acid and removal of ether, the resulting oil 
was repeatedly fractionally distilled at 50 mm. Methyl %-nonyl 
ketone (90 c.c., identified by b. p. and semicarbazone) was recovered. 
The carbinol fraction (32 c.c. ; b. p. 194 — 202°) was twice redistilled, 
but yet was not satisfactorily purified. The fraction of b. p. 198 — 
200°/50 mm. (Found : C, 77*4; H, 13*8. C^H^O requires 0, 79*3; 
H, 14*2%) has df 0-8301; nf 1*4438; [R L ] D 77*50 (Calc., 77*61). 
The residue, 27 c.c., left after distillation of the carbinol fraction, 
on being redistilled yielded 11 c.c. of liquid, b. p. 255 — 265° /50 mm. 
This substance appears to be CH 3 *C(C 5 H 11 )(C 9 H 19 )*0*C 5 H 11 (Found : 
C, 81-9 ; H, 13-7 ; M , 295. C^H^O requires C, 80*7; H, 14*2% ; 
M, 312); df 0*8433; nf 1*4582; IR L ] D 103*5 (Calc., 100*8). 

Enolisation was encountered in the interaction between equiva- 
lents of acetophenone (120 g.) and magnesium dl- p-methylbutyl 
bromide. Fractionation of the crude product gave (1), b. p. 105 — 
140750 mm., 72 g., which on redistillation yielded 62 g. of aceto- 
phenone, b. p. 115750 mm. (Found: C, 80*1; H, 7*0. Calc.: 
C, 80*0; H, 6*7%), and (2), b. p. 140 — 170° /50 mm., 48 g., which 
on redistillation yielded 27 g. of phenylmethyl-{$-m&thylbutyl)carbinol, 
b. p. 163*5750 mm. ; df 0*9388; nf 1*5027; [R£] D 60*47 (Calc, 
for C 13 H 20 O,3| = , 60*16); nf-nf 0*0137 (Calc., 0*0119) (Found: 
C, 81*1 ; H, 10*2; OH, 8*6. C^H^O requires C, 81*2; H, 10*5; 
OH, 8*8%). On dehydration, the carbinol yielded $-phenyl-$- 
methyl-kP-hexylene, b. p. 142°/50 mm. ; df 0*8839; nf 1*5117; 
[^] D 59*10 (Calc, for C 13 H 18 ,4[= 58*16); ?if°-^f 0*0167 (Calc., 
0*0132) (Found: C, 89*4; H, 10*3. C 13 H 18 requires C, 89*6; 
H, 10*4%). 

The Tatem Laboratories, University College, 

Cardiff. [Received, January 28th, 1930.) 


LXV . — The Reduction of Triphenylhalogenomethanes. 

By James Clifford Thomas, Sydney Thomas Bowden, and 
Wi lliam Jacob Jones. 

The utility of certain heavy metals for the reduction of triphenyl- 
halogenomethanes has been demonstrated in the classical investig- 
ations of Gomberg (JSer., 1900, 33, 310) on the preparation of the 
free radical, tripheiiylmethyl, and in subsequent work (Chem. 
Reviews, 1924, 1, 99) on various triarylmethyls. In the case of 
triphenylchloromethane in benzene solution it was shown that the 
hakgen is quantitatively removed by zinc, and that the reduction 
is also effected by mercury and silver. Copper, in the form of 
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Naturkupfer-C, has been employed by Schlenk (Annalen, 1909, 372 , 
17) for the same purpose, . but in this instance the application of 
heat is usually necessary for the completion of the reaction. The 
investigation of the action of magnesium on triphenylchloromethane 
in ethereal solution by Schmidlin {Ber., 1906, 39 , 4183) led to the 
elaboration of a method for the preparation of triphenylmetbyl 
through the interaction of magnesium triphenylmethyl chloride -with 
triphenylchloromethane (Ber;, 1908, 41, 423). 

More recently, Kraus and Kawamura (J. Amer. Cherny Soc.,1923, 
45, 2756} have studied the action of sodium and potassium upon 
triphenylchloromethane in liquid ammonia, and have found that 
the primary reduction is followed by the combination of free radical 
with alkali metal to give the corresponding triphenylmethide. -The 
colour which is produced when liquid ammonia solutions of tri- 
phenylmethyl are treated with metallic calcium led these authors to 
infer the existence of calcium triphenylmethide. 

It was observed by Schlenk and Marcus {Ber., 1914, 47, 1678) 
that triphenylmethyl in ethereal solution on treatment with sodium 
is converted into p-benzhydryltetraphenylmethane. Sodium tri- 
phenylmethide, however, is obtained when an ethereal solution of 
triphenylchloromethane is : treated with sodium amalgam. Grosse 
(Ber., 1926, 59, 2652) has shown that lithium, rubidium, and caesium 
triphenylntethides may be obtained by agitating the aryl chloride 
in ethereal solution with the corresponding amalgam. 

In view of the comparative ease with which triphenyl- chloro- 
and -bromo-methanes undergo reduction by the heavy metals, it is 
of interest to note that Blicke ( J . Amer . Chem. Soc., 1924, 46, 1515) 
was not able to reduce triphenylfluoromethane by means of silver. 

No systematic survey of the action of other metals on triphenyl- 
chloro- and -bromo-methanes has hitherto been undertaken, and we 
have accordingly carried out a preliminary investigation of the action 
of a series of representative elements. 

The influence of the solvent upon the reaction between triphenyl- 
halogenomethanes and metals is very marked, and is to be referred 
primarily to two factors. The first is largely a physical influence, 
and in view of the heterogeneity of the reaction system, it follows 
that in those cases where an “ active ” metallic surface is maintained, 
as a result of the solution or disintegration of the metallic halide 
formed on the surface of the metal, an increase will be evident in 
the rate and extent of reduction. The second is the purely chemical 
influence, in which the constitutional eflect of the solvent is evident 
in modifying the molecular state of the aryl halide in solution, and 
in further determining the character of the interfacial phenomena 
Which obtain at the metal-solution interface. These factors are 



THE BEDTJCTION OF TEIPHEN YLHALOGENOMETHA^ES . 475 

brought into special prominence in the present investigation by a 
comparison of the behaviour of acetone and of benzene with that of 
n- hexane. Reduction of triphenylchloromethane in ?i-hexane is 
effected by only few metals ; even with mercury and silver, reaction 
proceeds much more slowly than in benzene. 

Cadmium, thallium, lead, tin, arsenic, antimony, bismuth, 
selenium, tellurium, and iron were found to react with triphenyl- 
chJoro- and -bromo-methanes in benzene, toluene, and ethereal 
solution. The rate of reaction differs considerably in the various 
cases, the most reactive metal being iron and the least reactive lead. 
The reduction of triphenylchloromethane by cadmium takes place 
considerably more slowly than by zinc. Triphenylchloromethane 
in benzene, toluene, bromobenzene, hexane, or ether is not attacked 
by cobalt or nickel, and only to a slight extent by manganese and 
chromium. 

In several cases the direct reduction is followed by secondary 
reactions, which may involve (a) combination of metallic halide 
with unchanged aryl halide, (6) interaction of the liberated free 
radical with the metallic halide, (e) combination of the free radical 
with unchanged element, and (d) interaction of the metallic halide 
with the solvent. Triphenylbromomethane is rapidly reduced by 
zinc and tin, the initial reaction being followed by the combination 
of the metallic bromide with unchanged aryl bromide to give highly 
coloured addition compounds. The addition of finely divided iron 
to a benzene solution of triphenylchloromethane immediately 
produces a yellow coloration, which rapidly increases in intensity 
until the final colour is greenish-yellow. This solution does not 
contain free triphenylmethyl, and no triphenylmethyl peroxide is 
obtained by the prolonged action of oxygen. The evidence would 
seem to indicate the existence in solution of a stable triphenyl- 
methyl-ferrous chloride complex. 

Aluminium, as pure powder, appears to have no action on benzene 
solutions of triphenylchloromethane at the ordinary temperature, 
but reaction occurs fairly rapidly with the turnings of the commercial 
metal; In this reaction, the primary reduction is followed by the 
formation of an addition compound with aluminium chloride. 
"When, however, the reaction is carried out in acetone, interaction 
occurs between the aluminium chloride and the solvent, and in some 
cases the solution sets to a gel in the course of a few days. 

The behaviour of cobalt, manganese, and chromium towards 
triphenylchloromethane in acetone is remarkable, inasmuch as 
rapid and complete reduction to triphenylmethyl takes place. 
This reactivity is in direct contrast to the behaviour of these metals 
towards solutions of the substance in benzene, toluene, bromobenzene, 
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'ether, and hexane. In this connexion, it may be mentioned that 
tritolylchloromethane in acetone solution has been shown by Norris 
(Amer. Chem. J., 1907, 38, 627) to conduct the electric current. 
Jn like manner, we find that triphenylchloromethane exhibits a 
marked conductivity in this solvent, but that in the fused state it is 
not a conductor. 

- In several cases anomalous results were obtained with acetone 
solutions of triphenyl-chloro- and -bromo-methanes, and we have 
-ascertained that this is due to a reaction other than that between 
metal and the aryl halide. Even at the ordinary temperature, 
triphenylbromomethane interacts slowly with the enolie form of 
acetone, the solution assuming a dark brownish colour in the course 
of a few days. This reaction will be the subject of a further com- 
munication. 

Both calcium and nickel are entirely non-reactive towards the 
triphenylhalogenomethanes in all the solvents examined (except 
possibly acetone), and magnesium is also extremely lethargic except 
with ethereal solutions. In the latter case, magnesium triphenyl- 
methyl chloride is formed on prolonged agitation at the ordinary 
temperature and in the absence of external catalyst. 

Experimental^ 

In order to avoid the complicating influences of atmospheric 
oxidation, all the experiments were conducted in the entire absence 
of air. In general, therefore, the reactions were carried out at the 
ordinary temperature in sealed tubes. Excess of the element was 
placed in a suitably constricted tube, and after all the air had been 
displaced by pure dry carbon dioxide, the tube was almost completely 
filled with a standard solution of the triphenylhalogenomethane. 
A small amount of the pure solvent was added in order to remove the 
film of solution from the constriction, and the tube was then sealed 
under carbon dioxide. The tubes, . together with standard com- 
parison tubes containing silver or mercury, were placed in a shaking 
machine, and their contents agitated in the dark for specified 
periods and then examined. Triphenylmethyl was recognised by 
its characteristic colour, and by its conversion into triphenylmethyl 
peroxide under the influence of oxygen or into diphenylbisdi- 
phenylene-ethane on irradiation. 

In many cases it was necessary to conduct the experiments on a 
larger scale, and for this purpose the triphenyl-chloro- or -bromo- 
methane solution and the finely powdered element were placed in 
•a flask, which could be charged with carbon dioxide. After the 
■contents had been agitated for the stipulated period, the solution 
was drawn under carbon dioxide through a suitable filter into a 
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partly evacuated vessel, where its nature was examined. The follow- 
ing experiment is representative of the methods employed. 

Triphenylchloromethane (5 g.) in acetone (50 c.c.) was agitated: 
under carbon dioxide with excess of metallic cobalt for 3 hours.. 
The resulting greenish- blue solution was filtered in an atmosphere' 
of carbon dioxide, and the filtrate divided into two parts. Air was 
passed through the first portion, whereupon the solution assumed a 
blue colour with simultaneous precipitation of finely crystalline 
triphenylmethyl peroxide, m. p. 183°; yield 60%. The second 
portion of the filtrate was exposed in a sealed tube to direct sunlight.. 
Photochemical decomposition proceeded more rapidly than with the 
ordinary yellow solutions of triphenylmethyl in benzene (Bowden, 
and Jones, J., 1928, 1150) ; the solution became blue, and diphenyl- 
bisdiphenylene-ethane, m. p. (in a vacuum) 248—250°, was precip- 
itated. The presence of cobaltous chloride in the above solutions 
was demonstrated by the usual tests. 

Interaction of Triphenylbromomethane with Acetone . — Pure re- 
crystallised triphenylbromomethane (10 g.) was dissolved in dry, 
acid-free acetone (245 c.c.) in a flask which was then sealed and 
kept in the dark at the ordinary temperature. The freshly prepared 
solution was colourless, but after standing for 3 or 4 days, it was 
brownish-yellow, which changed to a deep dark brown after 12 weeks. 
At the end of this period the solution was divided into two portions, 
solution A (205 c.c.) and solution B (40 c.c.), which were examined 
in the following manner. 

Solution A. This portion was subjected to careful fractionation 
through a long Vigreux column, the receiving flask being cooled 
in a freezing mixture in order to ensure the retention of low-boiling 
products. Examination of the first portions of the distillate showed 
the absence of hydrogen bromide and of (3-bromopropylene, b. p. 
48°. After removal of the bulk of acetone, the residual liquid 
(40 c.c.) was placed in a tightly-stoppered flask and cooled in ice. 
After some hours, impure triphenylcarbinol (1*2 g.) was deposited. 
The filtrate was agitated under nitrogen with excess of metallic* 
silver for several hours, after which the solution was filtered in an 
atmosphere of nitrogen. Dry air was passed through the filtrate.: 
in order to effect the complete oxidation of triphenylmethyl formed 
by the reduction of unchanged triphenylbromomethane. In this 
manner, crude triphenylmethyl peroxide (0*22 g,), m. p. 175 — 178°,. 
was obtained. ‘ 

Solution B. This solution was agitated under nitrogen with excess 
of silver for several hours, filtered in a stream of nitrogen, and the 
clear filtrate oxidised by means of a current of air. The precipitated! 
peroxide (0*18 g.) was practically white: m, p, 182—183°. 



478 


EVANS THE PASSIVITY OF METALS. PART IV. 


Preliminary experiments showed that the yield of peroxide 
obtainable from freshly prepared solutions of triphenylbromo- 
methane was 65%. On this basis, the above results show that 
79*2% of the triphenylbromomethane interacted with acetone at 
the ordinary temperature. 

Addition Compounds of Triphenylbromomethane , — The following 
addition compounds of triphenylbromomethane with metallic 
bromides were prepared during the course of the investigation. 

With dkminium bromide . Anhydrous aluminium bromide, dis- 
solved in carbon disulphide, was added to a slight excess of triphenyl- 
bromomethane in benzene solution. The dark red oil, which 
separated immediately, was washed rapidly with benzene, and 
finally with carbon disulphide. After being preserved for some 
hours in a vacuum, it crystallised in cubes, m. p. 120 — 123° [Found : 
0, 37*9; H, 2-6; Br, 53*5; Al, 4*4. (C 6 H 5 ) 3 CBr,AlBr 3 requires 
0,38*6; H, 2*5; Br, 54*2; Al, 4*6%]; 

With zinc bromide . This compound was precipitated by mixing 
benzene solutions of triphenylbromomethane and zinc bromide. 
The dark red oil could not be induced to crystallise [Found: 
C, 41*0 ; H, 3*1 ; Br, 42*9; Zn, 11*6. (C 6 H 5 ) 3 CBr,ZnBr 2 requires 
€, 41*6 ; H, 2*8 ; Br, .43*7 ; Zn, 11*9%]. 

With stannic bromide . This compound , prepared as in the preced- 
ing case, was obtained in the crystalline condition, m; p. 171°, after 
treatment with hexane [Found : C, 29*1 ; H, 2*1 ; Br, 52*3; Sn, 15*1. 
< C 6 H s)3 G;Br > SnBr 4 requires C, 29*9; H, 2*0; Br, 52*5; Sn, 15*6%]. 

The Tatem Labobatobies, Uiuvebsity College, 

Cabdiff. [ Received > January 30 th , 1930.] 

LXVI .—The Passivity of Metals . Part IV. The 
Influence of Acids in Passivity and Corrosion. 

By Ulick R. Evans. 

In general, acids dispel passivity and accelerate the corrosion of 
iron. Occasionally, however, passivity is obtained with acid media, 
and it has been argued that in such cases the passivity cannot be 
due to oxide films, which would — it is urged — be dissolved by the 
acid. One important case, the action of concentrated nitric acid, 
has been elucidated by Hedges (J„ 1928, 969), who finds that, 
under the conditions where passivity arises, nitric , acid has no 
appreciable solvent power for ferric oxide, which is therefore re- 
garded as the cause of the passivity. Lately Benedicks and Seder- 
hojm (Z. physical. Chepi., 1928, 138 , 123) have advanced direct 
evidence that the passivity produced by nitric acid diluted with 
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alcohol and water is also due to a protective film ; here it is con- 
sidered that the film is ferrous oxide in the inner portions, and 
hydrated ferric oxide (FeO'OH) in the outer portions. This seems 
much more likely than the contention of Fujihara (Ind. Eng. Chem., 
1926, 18, 62), that the passivity produced by alcoholic nitric acid 
is due solely to ferrous hydroxide, which is supposed to cause 
passivity by maintaining an alkaline reaction; treatment with 
nitric acid would scarcely leave an alkaline reaction, whilst in any 
case ferrous hydroxide is unlikely to escape dissolution or further 
oxidation in such a medium. There seems no reason to doubt that 
the passivity is due to an oxide film which — at least on the outside — 
is in the ferric condition. 

Two other cases remain to be explained, viz., the passivity pro- 
duced (1) by immersion in chromic acid and (2) by anodic treatment 
in dilute sulphuric acid. 

Action of Chromic Acid on Iron .- — There seems to be little in- 
formation available as to the oxide-solvent powers of chromic acid, 
or the exact conditions under which it produces passivity. Dunstan , 
Jowett, and Goulding (J., 1905, 87, 1571) have kept iron bright in 
chromic acid solution for ten years ; but Moody (P., 1903, 19, 158) 
states that there is a slow dissolution, whilst van Name and Hill 
(Amer. J. Sci., 1916, 42, 301) have found that mixtures of chromic 
and sulphuric acids (the latter in excess) cause rapid corrosion. 
Many samples of “chromic acid ” contain sulphuric acid, and it was 
decided to conduct some new experiments with Kahlbaum’s 
“ Chromic Acid, free from Sulphuric Acid.” For analyses of the 
specimens of metal employed, see J., 1929, 93. 

It was found that M/10-chromic acid did not. evolve carbon 
dioxide from sodium or ammonium carbonate, and failed to dissolve 
freshly precipitated ferric hydroxide, even on standing over it for 
several, days. The solution had no effect on the colours of heat- 
tinted iron, even after 24 horns, although Af/10-sulphuric acid 
produces an appreciable alteration in a few seconds. Apparently, 
therefore, chromic acid does not dissolve flaky ferric oxide. 

Strips of iron H 28, 2 cm. wide, were abraded with French emery 
No. 1, degreased., and immersed vertically to a depth of 3-5 cm. in 
90 c.c. of chromic acid-sulphuric acid mixtures for 6 hours at 14-0°. 
The mixtures acted rapidly on the metal, producing ferric and 
chromic sulphates, and the layer of largely exhausted solution, 
which, had an enhanced specific gravity, sank rapidly down the 
vertical surface, fresh solution being drawn in at the top. Owing to 
the partial exhaustion, the numbers given in Table I do not indicate 
the velocity coefficient, but they show very clearly that (a) at con- 
stant concentration of sulphuric acid, chromic acid increases the 
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attack, evidently acting as a depolariser, since no hydrogen appears 
when it is present, and ( b ) at constant concentration of chromic acid, 
sulphuric acid increases the attack ; in the absence of sulphuric acid, 
chromic acid produced no visible change, but the small loss of 
weight measured was confirmed by experiments with chromic acid 
from another source. 

Table I. 



H 2 S0 4 (mol. /I ). 

Cr0 3 (mol./l.). 

Loss of weight, mg. 

Mean, mg. 

(a) 

0-05 

Nil 

9*3, 10*2 

9*7 

0*05 

0*005 

25*0, 26*8 

25*9 


0-05 

0*01 

40*9, 44*5 

42*7 


0*05 

0*02 

76*6, 79*2 

77*9 

(b) 

Nil 

0*01 

0*2, 0*3 

0*2 

0-02. 

0*01 

37*6, 38*9: 

: 38*2 


0*05 

0*01 

40*9,44*5 

42-7 


0*09 

0*01 

54*2, 57*5 

55*8 


Another series of experiments conducted for 20 hours led to the 
same conclusions. It was found that immersion in Af/10-chromic 
acid for 6 hours rendered the iron passive towards M /20-copper 
nitrate, but not towards copper sulphate, although the latter 
reagent deposited copper less readily than on the iron merely 
exposed to air. This was best shown by placing drops of copper 
sulphate in such a position that only half the drop lay on the area 
which had been immersed in chromic acid. Copper appeared 
quickly on the half previously exposed to air, and only slowly on 
the other half, the line of demarcation being very sharp. 

Since chromic acid has powerful oxidising but weak base-dis- 
solving properties, it is easy to understand why it enhances corrosion 
in the presence of a stronger acid, but produces a protective oxide 
film when acting alone ; the case is completely analogous to that of 
concentrated nitric acid. 

Passivity produced by Anodic Treatment in Dilute Sulphuric Add . — 
Tronstad (Z. physikaL Chem., 1929, 142, 272) has proved optically 
that an oxide film exists on a nickel anode rendered passive in acid 
solution, but W. J. Muller (Z. Elektrochem., 1928, 34, 583 ; Monatsh 
1929, 52, 463, 474), whilst agreeing that oxide films play an essential 
part in many types of passivity, considers that iron oxide could not 
survive in an acid solution, and cannot therefore he the cause of the 
passivity of an iron anode. This objection has now been examined 
experimentally. 

The fact that sulphuric acid destroys the first-order temper- 
colours seems to justify the idea that ferric oxide in the form of 
films is soluble in the acid ; the thinning or removal of the films is 
easily recognisable at Af /500-concentration after 1 minu te's immer- 
sion, and becomes very rapid at greater concentrations- Af/10- 
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Sulphuric acid, besides rapidly destroying the thin oxide films, also 
attacks the metal, and the thicker films (above second-order thick- 
ness) peel off in flakes, before they are completely destroyed. Now, 
when these oxide flakes pass out of electrical contact with the metallic 
basis , the solvent action practically ceases ; flakes have been preserved 
in M /10-acid for long periods without serious change; in one case, 
they retained their characteristic flake form after standing for 18 
days in the acid, although becoming eaten through in places. This 
suggests that the rapid destruction of the films when in contact with 
the metal is simply due to the formation, at the various cracks in 
the film, of the short-circuited cell metal|aeid|ferric oxide. The 
ferric oxide, being the cathode, is rapidly reduced to ferrous oxide, 
which at once dissolves. Actually, cathodic reduction, conducted 
with an external source of E.M.F., was employed in earlier work 
(Proc. Boy . Soc ,, 1925, A , 107, 228) to bring about the uniform 
thinning of the films. 

If this is the true explanation, it should be possible, by using an 
oxidising agent, to prevent reduction, and thus retard the destruc- 
tion of the films. A strip of iron, heated at one side so as to give 
the complete sequence of tints, was partly immersed in a solution 
containing sulphuric (Af/100) and chromic acid (M/ 10). After 24 
hours, there was not the smallest alteration of any colour. Yet 
M /100-sulphuric acid, free from chromic acid, causes appreciable 
change in 5 seconds, and complete destruction of the earlier colours 
in 1 minute. Experiments with more concentrated sulphuric acid 
were complicated by the attack on the metallic basis, but here also 
the life of the colours was greatly prolonged by the presence of 
chromic acid. 

The rational way to prevent cathodic reduction is to submit the 
specimen, as a whole, to anodic treatment. A series of experiments 
was performed in which the anode and cathode were vertical strips 
2-0 cm. broad, clamped 3*8 cm. apart, and immersed for a depth of 
2*0 cm. The cathode was a plain piece of iron, but the anode, 
after being ground with French emery No. 1 and degreased, was 
usually given an appropriate oxidising treatment before the experi- 
ment. The liquid was Jf/10-sulphuric acid and the E.M.F . was 
4*0 volts. Except where otherwise stated, the electrodes were 
connected to the battery before introduction into the liquid, so that 
current commenced to flow from the moment of immersion — a 
plan previously adopted by Hedges (J., 1926, 2879). The current 
fprced through the cell varied somewhat with the time and pre- 
treatment, but it always rose to about double its previous value 
when the , iron passed from the passive state into the fully active 
state. Where the back of the anode was protected by nitrocellulose, 
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the current was usually about 0*12 amp. (passive) and 0*24 amp, 
(active). 

When the iron anode had been tinted by heating in air on a 
lead-tin bath, oxygen was evolved from the moment of introduction, 
and the anode suffered no corrosion and no change of colour. A 
short interruption of current (a fraction of a second, and sometimes 
several seconds) did not dispel passivity ; in these cases evolution 
of oxygen recommenced when the circuit was restored, the anode 
remaining unattacked. But a longer interruption destroyed 
passivity, and when the circuit was restored, the current jumped 
to the higher value, the iron began to dissolve, and no further 
oxygen was produced. With comparatively thick (second-order) 
films, an interruption of, say, 15 seconds did not destroy the film 
entirely, but it allowed attack on the iron to commence at certain 
points, and a series of such interruptions, with intervening periods 
during which current was allowed to flow, produced complete 
undermining of the film, which peeled off in characteristic curling 
flakes ; once out of contact with the metal, the oxide film could be 
kept in the acid for hours without damage. Thinner (first-order) 
films were completely destroyed by an interruption of a duration 
which would only cause undermining of the thicker films ; the colour 
vanished, revealing unchanged iron below, and on restoration of the 
circuit, the iron became etched without any signs of peeling. On 
the other hand, in experiments when the circuit was restored at the 
moment when the film had been destroyed at some points, but not 
everywhere, the thin film peeled off from the parts where it survived ; 
it could then be washed free from acid, and preserved indefinitely. 

Although useless for quantitative purposes, this proved a con- 
venient way of preparing oxide films (especially the thicker films) 
in a state free from secondary hydroxide. The films showed the 
same behaviour to reagents as those separated by the iodine method,, 
being turned blue by acid ferrocyanide, but not by acid ferrieyanide 
(except, in some cases, at local spots representing inclusions). The 
film substance is thus ferric oxide with occasional inclusions (metallic- 
iron, or possibly, in some cases, magnetite); the film fragments 
showed a very feeble response to the magnet, but this has no signi- 
ficance, since ferric oxide can exist in a magnetic form (Weld and 
Baudisch, Phil. Mag 1925, 50, 399; 1927, 3, 396). 

TJnheated specimens simply exposed to air after being ground 
and degreased showed irregular behaviour when exposed to anodic- 
treatment in M /10-sulphuric acid. Occasionally they were active 
from the moment of immersion; in other cases, after identical 
treatment, they w r ere passive from the moment of immersion, and 
after o.yygen had passed for a minute, the current could be inter- 
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rupted for a limited period without loss of passivity. The inter- 
ruption which could be tolerated without causing activity varied 
somewhat from one specimen to another, and seemed to depend 
on the time during which current had been passing, but the follow- 
ing observation appeared to provide the explanation. After the 
current had been interrupted, small oxygen bubbles continued to 
be evolved for some seconds, slackening as the supercharge of 
oxygen became exhausted. If the circuit was restored before this 
evolution of “ residual 59 oxygen ceased, the iron remained passive 
and a lively production of oxygen set in again as soon as the current 
began to flow ; but if the interruption was prolonged until the slow 
evolution of “ residual 99 oxygen had completely ceased, the iron 
became active, and began to dissolve, without oxygen evolution, 
when the circuit was restored ; evidently a considerable super- 
charge of oxygen is needed to prevent the reduction of the film 
during the interruption. On some specimens, after a few seconds 9 
interruption, small oxygen bubbles continued to stream from 
certain points after they had ceased to come off from the specimen 
as a whole ; if, at this stage, the circuit was restored, small bubbles 
continued to rise from the points in question, although elsewhere 
the electrode became rapidly attacked. In such cases the strength 
of current passing was intermediate between the ordinary active and 
passive values. 

The irregular behaviour of the air-exposed electrodes provided 
another example of the variable character of the film produced by 
the action of air at low temperatures; on some specimens, a weak 
point would chance to be included in the electrode area, whilst on 
others there would be no spots sufficiently faulty to cause break- 
down under the prevailing conditions. Specimens exposed to 
M /10-potassium chromate for five days evidently possessed a more 
uniform skin; without exception, these behaved as <c passive 99 
electrodes, provided that the circuit was completed before the 
specimen was introduced into the acid. Immersion in Mf 10- 
chromic acid for the same period afforded even better protection ; 
here it was possible to place the specimen in the acid for short 
periods before the current was turned on, and yet to obtain oxygen 
evolution immediately the circuit was completed. In four 
experiments in which the current was started respectively 1, 1, 2, 
and 4 seconds after immersion, passivity was obtained ; but in a 
fifth experiment, where a period of 5 seconds was attempted, the 
electrode had become active. 

The objections raised to the “ film theory 99 of anodic passivity in 
acid solutions can thus be answered as follows. 

(1 } The statement that the oxide film on iron is rapidly destroyed 
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by acid is true of ordinary conditions, but not of anodic conditions. 
Under suitable anodic conditions, these films are unaffected by the 
acid (best observed if the films are thick enough to produce inter- 
ference tints). 

(2) The statement that the nature of the film does not affect the 
time which elapses before passivity appears is only true of experi- 
ments in which the fil m is dissolved away before the current is 
turned on. If the circuit is completed before introduction of the 
specimen, the nature of the film may make all the difference between 
immediate passivity and serious corrosion. 

(3) The statement that iron rendered passive by anodic treatment 
behaves differently from iron rendered passive, e.g. } by simple 
immersion in a chromic acid solution is perfectly true ; the reason 
is clearly found in the fact that the anodically polarised iron 
possesses a supercharge of oxygen, which serves to keep the oxide 
film repaired and in the fully oxidised condition. 

Experiments conducted at higher current densities, which per- 
mitted the electrode to revert to the passive state after once it had 
become active, confirmed several of the observations of W. J. 
Midler (Z. Elektrochem ., 1927, 33, 401 ; 1928, 34, 572 ; 1929, 35, 
656) and of Hedges (J., 1926, 2878; 1927, 2710; 1928, 969). A 
visible brown coat often appeared on the electrode prior to the 
arrival of oxygen bubbles; if, for any reason, this brown coat 
appeared first at one particular region, bubbles were subsequently 
observed first at that region; in general, the evolution of bubbles 

started first at the bottom, andspread upwards, produeingtheU-shaped 
area described by Hedges. W. J. Muller is undoubtedly right in 
thi nking that saturation of the liquid with ferrous sulphate must 
be attained before passivity can set in ; the difficulty of obtaining 
passivity with vertical electrodes is explained by the fact that 
heavy ferrous sulphate solution — clearly distinguishable by reason 
of its different refractive index — sinks continuously down from 
the anode, and this circulation hinders the attainment of saturation. 

Principles governing Anodic Passivity in Acid Solution . — When 
a metal is subjected to anodic treatment, its surface layers are 
converted in situ into a compound with the principal anion of the 
liquid. If this compound is freely soluble, it will dissolve, exposing a 
fresh surface of metal to attack ; but if sparingly soluble, it will remain 
in situ, protecting the underlying metal. Thus, lead in a sulphate solu- 
tion, silver in a chloride solution, and iron in a hydroxide solution 
escape attack almost from the first ; the protective layer, being in 
opticaleontact with the metal, is frequently invisible. But ferrous sul- 
phate is readily soluble, and a film-free iron anode in a sulphuric acid 
solution will dissolve freely at first. If, however, the layer of liquid 
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next to the metal should become saturated with ferrous sulphate, 
the behaviour of iron will be analogous to that of lead, and if now 
the surface portions are converted into sulphate, this will no longer 
dissolve and will temporarily protect the metal. This protective 
sulphate is probably invisible; it is fairly certain that the visible 
deposit is not the protective layer, but the result of spontaneous 
crystallisation of hydrated sulphate from the liquid which is locally 
supersaturated with respect to that salt; its importance lies in 
furnishing a sure sign that saturation has been reached.' When once 
the whole anode surface is converted into sulphate, any further dis- 
charge of SO" 4 ions cannot cause further attack on the iron, and 
must (as on a platinum anode) lead to evolution of oxygen. The 
bubbles of oxygen, however, will soon stir up the liquid, and the 
visible layer will gradually dissolve or flake off (a phenomenon 
observed by Hedges and by W. J. Muller). Meanwhile, however, 
the metal will have become supercharged with oxygen, and, at high 
current densities, this may be sufficient to produce and maintain an 
oxide film on the surface which (as shown) will not be dissolved by 
the acid under anodic conditions ; in that case passivity will persist 
indefinitely, and the current will be expended on the production of 
oxygen. At lower current densities, the oxide film may not be 
maintained, and the electrode may revert to the freely dissolving 
condition; if so, periodicity may be set up. At still lower current 
densities, a state of saturation in the anodic layers will never be 
reached and the electrode will remain active- indefinitely ; this is 
most likely to occur if the conditions are favourable to convection. 

A theory that the anodic passivity of iron in a sulphate solution 
may be initiated by a protective layer of /emc sulphate has been 
put forward by McCulloch {Trans. Amer. Elecirochem. Soc., 1929, 
56, 325) . He points out that ferric sulphate dissolves only slowly in 
water, and that such a film might persist even in unsaturated solu- 
tion, McCulloch is undoubtedly right in thinking that salts, as 
well as oxides, may constitute protective films. Moreover, it is 
not impossible that the slow dissolution of ferric sulphate by water 
may itself be the cause of the slow dissolution of ferric oxide film by 
dilute sulphuric acid ; but it is not easy to explain the facts set 
forth above on the hypothesis that the protection- is due solely to a 
film of ferric sulphate. 

Function of Carbon Dioxide in Corrosion by Condensed Moisture . — 
Many early workers and one recent writer (Fujihara, Chem . Met. 
Eng., 1925, 32, 810) have ascribed to carbon dioxide a special role 
in rusting; this idea may have arisen from the serious damage 
produced by the combustion products of coal, now commonly 
attributed to oxides of sulphur. The researches of Dunstan* Jowett, 
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and Goulding (J., 1905, 87 , 1548), Tilden (J., 1908, 93 , 1356), and 
Hicks (/. Physical Chem. t 1929, 33 , 781) have definitely proved 
that the presence of carbon dioxide or other acidic substance is not 
necessary for rusting ; but the measurements of Hicks indicate that 
moist oxygen does produce rust more quickly if carbon dioxide also 
is present. 

Apart from the scientific, historical, and economic interest of 
the matter, the question whether carbon dioxide— in amounts 
normally present in air — constitutes a serious cause of corrosion is 
important to experimenters, since the detailed observation needed 
for detection of vital microscopic occurrences becomes almost 
impossible if the work has to be conducted exclusively in closed 
vessels. Some experiments have, therefore, been performed to 
elucidate this point. 

Specimens, 5*5 cm. square, were degreased with carbon tetra- 
chloride and then alternately ground and degreased three times. Into 
each of a series of beakers, 8*5 cm. high and 4 cm. in diameter, a 
small quantity of water (2 c.c. in the main series) was placed, and 
one of the specimens was cemented over the mouth of each beaker 
with nitrocellulose. After the seal had set, the bottoms of the 
beakers were placed in warm water (50°), and a metal dish containing 
ice was placed on the upper side of the specimen. Water then dis- 
tilled without ebullition, condensing on the lower side of the speci- 
men in droplets, fairly large in the centre and microscopic around 
the edges. In other parallel experiments saturated carbon dioxide 
solution or N /100-sodium hydroxide solution was used instead of 
water; four different materials were employed, viz., steel H 28, 
electrolytic iron E 28, commercial zinc containing lead, and elec- 
trolytic zinc ; abrasion with four different grades of emery, and also 
scraping with a knife, was studied in different series. 

The fact that the presence of carbon dioxide may affect results is 
clearly shown by the experiments on zinc : the distillate from dilute 
alkali produced, in practically every drop, a microscopic circle or 
sphere of membranous zinc hydroxide surrounding a tiny dark 
point representing the seat of corrosion ; in the presence of carbon 
dioxide, however, the white hydroxide did not appear, but there was 
general darkening of the metal. 

On iron and steel, the result was identical whether distillation was 
conducted from Nj 100-sodium hydroxide, distilled water, or carbon 
dioxide solution ; in every case, some of the drops developed rust, 
whilst others remained perfectly clear. On many specimens, the 
frequency of rust-developing droplets varied from one part to 
another in a manner not depending on the drop size. Thus no 
accurate count could be made of the proportion of drops developing 
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rust, but this appeared to be highest in the coarsely abraded speci- 
mens. There was no evidence that the presence of carbon dioxide 
increased the probability of rust formation in a drop, although, 
where rust appeared at all, it seemed to be developed more quickly 
if carbon dioxide was present, thus confirming Hicks’s results. After 
time had been allowed for the development of rust in those drops 
which were able to produce it, the specimen could be taken off the 
beaker and exposed to a stream of carbon dioxide (or to carbon 
dioxide and air alternately) without causing any rust in the clear 
droplets; indeed the specimen could conveniently be dried in a 
stream 'of carbon dioxide without fear of increasing the number of 
rust spots. Apparently the presence of carbon dioxide is incapable 
of causing rusting in places which have escaped rusting in its 
absence. On the other hand, exposure to the vapour of hydro- 
chloric acid for only 15 seconds caused rapid rusting, in the places 
which had previously escaped. There seems no doubt that the 
corrosive qualities of the air of many laboratories — frequently 
attributed to carbonic acid — are really due to other acids. 

The observations are explained by the fact that iron specimens 
are covered with an invisible film of ferric oxide with irregularly 
distributed weak spots (Evans, J., 1929, 117). The chance of rust 
formation will depend on the “ probability ” that the drop area 
includes a place on the skin sufficiently “ weak 55 to admit the most 
penetrating anion present. In pure water this will be the hydroxyl 
ion, and the ferrous hydroxide formed as the anodic product will 
interact with dissolved oxygen at a distance to form the less soluble 
ferric hydroxide (“ rust ”). The presence of carbon dioxide will 
certainly not increase the probability of initiation of rusting, since 
it is unlikely to dissolve the film of ferric oxide, whilst it will decrease 
the hydroxyl-ion concentration ; the penetrating power of the 
HC0 3 ' or C0 3 " ions can probably be neglected. But if it be assumed 
that the weak spot does exist under a droplet, the carbon dioxide 
may accelerate the electrochemical action, by enhancing the con- 
ductivity and hydrogen-ion concentration. 

In some of the early experiments, a small proportion of the 
previously rust-free droplets developed rust after the vessels were 
opened; this may have been due tq traces of acid fumes, but was 
probably due to the bending that accompanied opening. It was 
found that if a specimen was cut with small shears when the droplets 
were in position, the drops near the shear-lines, although quite 
untouched by the shears, quickly developed rust, clearly because 
the cutting stresses fractured the protective film. 

Droplets produced by distillation from ammonia caused no true 
rust, evidently owing to the presence of sufficient alkali to depress 
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the solubility of ferrous hydroxide ; some attack did occur, however, 
since, after the drops had been removed by evaporation, inter- 
ference tints were noticed. 

It was observed (before the opening of the vessels) that droplets 
which developed rust tended to “ dry up 57 — partially or completely 
— and that the clear drops situated close to a drop which had 
developed rust frequently disappeared altogether ; on the other 
hand, in regions where no rust appeared, the drops showed no signs 
of evaporation. This confirms the early view of Crum Brown 
(J. Iron Steel Inst, 1888, ii, 129) that rust is essentially hygroscopic 
— a matter recently discussed by Hudson and others (Trans. Fara- 
day Soc., 1929, 25 , 207, 485, 487, 493). 

Corrosion of Iron immersed in a Carbonic Acid Solution. — Some 
confusion exists regarding the effect of carbon dioxide in “ immersed 
corrosion.” In hard , natural waters containing calcium bicarbonate, 
it is unquestionable that excess of carbonic acid increases the corro- 
sive character ; in the absence of free carbonic acid such waters, 
when they act on iron, necessarily deposit calcium carbonate on 
the cathodic areas, and the deposit obstructs diffusion of oxygen, 
bringing the action to a standstill (Tillmans and Klarmann, Z. 
angew . Chem., 1923, 36, 94, 103, 111, 113; Baylis, Ind. Eng. Chem., 
1927, 19 , 177 ; Evans, J. Soc. Ghent . Ind., 1928, 47, 57t); in the 
presence of excess of carbonic acid, this deposition does not occur, 
and the corrosion continues. The indirect action of “ aggressive ” 
carbon dioxide may be serious even with metals where its direct 
action is undoubtedly inhibitive ; thus the corrosion of lead by 
distilled water is retarded by the presence of carbon dioxide, but 
waters containing sufficient calcium bicarbonate to have no 
permanent action on lead become distinctly plumbosolvent if much 
excess carbon dioxide is present. 

The action of dissolved carbonic acid in the absence of calcium 
compounds is quite different. The normal product is soluble ferrous 
bicarbonate, as indicated by Crum Brown (loc. cit.) ; the bicarbonate 
is formed very quickly if the carbon dioxide is under 50 atm. 
pressure (E. Muller and Henecka, Z. anorg. Chem., 1929, 181 , 159), 
but at ordinary pressures the action is much slower, quite small 
quantities of iron rendering the liquid supersaturated with respect 
to ferrous carbonate (Tillmans and Klarmann, loc. cit.). If oxygen 
is present, the iron is likely to be precipitated as ferric hydroxide 
(rust) in a form which will hinder diffusion ; indeed Bauer's tests 
(Stahl u* Eisen, 1.921, 41, 37, 76) indicate that distilled water con- 
taining carbon dioxide may produce less eorrosion than distilled 
water free from carbon dioxide, owing to the obstructive character 
of the rust produced. 
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To elucidate this matter further, new experiments have been 
performed. A number of strips of iron H 28, 2 cm. wide, were 
cut, abraded, degreased, and immersed vertically to a depth of 
4 cm. for 15*5 hours at 14° in 65 c.c. of liquid in beakers 8*5 cm. 
high and of 4 cm. diameter. The loss of weight produced by different 
liquids is shown in Table II ; it will be noticed that within this time 
saturated carbon dioxide has produced more corrosion than dis- 
tilled water but much less than Af/20-sulphuric acid; the water 
“ condensed on silica 55 was a sample prepared by L. C. Bannister 
and S. C, Britton for work on electrode potentials, the special 
object being to exclude traces of metals. 


Table II. 


Liquid. 

Loss of weight, mg. 

Mean, mg. 

3f /20-K s S0i - 

2-9, 3-3, 3*5 

3*2 

Mj2 0-H 2 SO 4 

20*1, 20*5, 20*6 

20*4 

Saturated CO, solution 

5*9, 7-0, 7*0 

6*6 

Laboratory distilled water ..................... 

1*5, 1*7 

1*6 

Laboratory distilled water, redistilled and 
condensed on silica 

1*0, 1*3 

M 


A series of qualitative experiments, interrupted at different 
stages, showed the action of carbonic acid solution to be as follows. 
Freshly immersed specimens are attacked by carbonic acid just as 
by any dilute acid, hydrogen being evolved slowly; the bubbles 
appear mainly at the edges and a few favoured spots on the faces 
{evidently points of low over-potential} ; but the actual attack 
commences at quite different points (evidently weak spots on the 
skin). For a time the liquid remains clear, though containing a 
considerable quantity of iron dissolved as ferrous bicarbonate ; 
after about 2 hours, rust (ferric hydroxide) begins to appear along 
the water-line,, and gas evolution gradually ceases, as the p R value 
rises from about 4*0, where hydrogen production is appreciable, to 
a range (5*0 — 6*0) where direct hydrogen evolution is almost negli- 
gible, Meanwhile the oxygen absorption type of attack is increas- 
ingly hindered by the formation of rust over the water-line zone. 
The conditions thus become less favourable for corrosion than in a 
neutral sulphate or chloride solution, where the corrosion is of the 
differential aeration type from the first moment, and where the 
cathodic zone near the water-line remains comparatively free from 
rust, so that oxygen can continue to reach the place where it is 
required for corrosion. It is to be expected, therefore, that over 
long tests carbonic acid would produce a smaller amount of corro- 
sion than a salt solution; and it was found in a 39-day test by the 
author (J. Soc. Chem. Ind., 1928, 47, 77t) that actually the corrosion 
by saturated carbonic acid was less than that produced by M /20- 
s2 
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sodium sulphate or chloride. Probably Bauer’s results, mentioned 
above, can be explained in the same way. In effect, carbonic acid 
solution is not a serious corroding agent. 

It would appear that, with carbonic acid, the “hydrogen- 
evolution type ” of corrosion lasts just long enough to produce rust 
at a point unfavourable to subsequent attack of the “oxygen- 
absorption type. 55 The apparent exhaustion of hydrogen ions 
occurs long before the quantity of iron dissolved is stoicheiometrically 
equivalent to the carbonic acid present/, some experiments con- 
ducted with sulphuric acid showed that here the attack persists 
rapidly even when most of the acid has been used up. The differ- 
ence between the action of sulphuric and carbonic acids is easily 
understood by considering the movement of p R during titration of 
these acids with alkalis ; with sulphuric acid, the p K value remains 
very low (below 3-0) until the end-point is approached, whereupon 
it suddenly rises; with the weak carbonic acid, the p R value is 
higher at the first (about 4*0) and commences to rise even with the 
first addition of alkali. The p R value alters in much the same way 
when the acid is used up on the corrosion of iron ; thus sulphuric 
acid continues to evolve hydrogen almost to the last, whilst with 
carbonic acid, the evolution of hydrogen— weak even from the first — - 
soon dies away. 

The rapid exhaustion of carbonic acid stands in contrast to the 
view of Crum Brown ( loc . cit.) that a limited quantity of carbonic 
acid “ can carry on the process indefinitely,” being regenerated in 
full when the ferrous bicarbonate is oxidised to ferric hydroxide. 
Actually the conception of “ regeneration in full ” is inadmissible, 
since the precipitation of ferric hydroxide is inconsistent with con- 
centrations of hydrogen ions such as are present in pure water 
saturated with carbon dioxide at normal pressure. Only if the 
concentration of carbon dioxide is kept low, can ferric hydroxide be 
produced. Since, however, the oxidation of ferrous bicarbonate to 
the ferric condition occurs at the water-line, the dissociation of any 
ferric carbonate that may temporarily be formed is quite to be 
expected, the carbon dioxide passing out into the gas phase (where 
the partial pressure of carbon dioxide is usually low) as quickly as 
oxygen is taken in. This accounts for the fact that, in 24-hours 
experiments, practically no carbonate was found in the “ rust, 55 
which was mainly hydroxide, and practically no free carbon dioxide 
was found in the liquid, although this still contained much ferrous 
iron in solution; The facts do not support Crum Brown’s idea of 
the cyclic regeneration of carbonic acid. 

[Recently, theories based on liberation of acid by hydrolysis of 
ferric salts have been suggested for other types of corrosion. 
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McCulloch (Trans. Amer . Electrochem . Soc ., 1929, 55, 268) considers 
that, in corrosion by chloride solution, the ferrous chloride first pro- 
duced “ may be oxidized to ferric chloride by absorption of oxygen, 
and ferric chloride may hydrolyze to give hydrochloric acid. This 
hydrochloric acid may attack the steel.” It seems difficult to 
understand how any considerable increase of acidity can be produced 
by the action of oxygen on ferrous chloride, since in addition to 
ferric chloride, this oxidation itself must produce ferric hydroxide 
or basic ferric chloride. Whilst the hydrolysis of ferric salts un- 
doubtedly is responsible for the formation of rust in the final stages 
of the action of acids on metals, it is doubtful whether regeneration 
of acid plays any serious part in prolonging the attack. 

Summary. 

Chromic acid has strong oxidising and weak base-dissolving 
properties ; it produces passivity when present alone, but stimulates 
corrosion if sulphuric acid also is present. 

The ferric oxide film usually present on iron is rapidly destroyed 
by dilute sulphuric acid owing to the formation of the circuit iron| 
acid|oxide; the ferric oxide suffers cathodic reduction to ferrous 
oxide, which is rapidly dissolved by the acid. If the reduction is 
prevented by the presence of excess of chromic acid, or by anodic 
treatment of the specimen as a whole, the film can remain in contact 
with M /10-sulphuric acid for hours without change. This explains 
why iron can remain passive in acid solution during anodic treatment j 

The explanation of anodic passivity in acid solution is as follows. 
When lead is anodically treated in sulphuric acid, the conversion of 
the metallic surface into sulphate will protect the metal below, but 
with an iron anode this will only occur when the liquid has locally 
become saturated with ferrous sulphate. At that stage, any further 
current must be expended on the production of oxygen, and 
although the bubbles stir the liquid, dispelling the saturated 
layer, the metallic surface may in the meanwhile have been converted 
into ferric oxide, which will protect the metal so long as the current 
continues to flow. Indeed, a short interruption of current can also 
be tolerated without resumption of activity, and this seems to 
depend on the presence of an oxygen supercharge, which prevents 
reduction to the rapidly soluble lower oxide. 

The corrosive qualities of carbon dioxide have been exaggerated 
in the past, and probably the damage attributed to carbon dioxide 
has really been due to sulphur dioxide or hydrogen chloride. If 
water is allowed to condense in droplets on iron, some of them 
develop rust, whilst others (which do not happen to rest on a weak 
point) remain clear ; this is true whether carbon dioxide is present 
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or absent, and the clear drops may be dried up in a current of carbon 
dioxide without developing rust ; hydrogen chloride vapours quickly 
produce rusting. A solution of carbonic acid causes at first slight 
corrosion of the hydrogen-evolution type, but the rapidly rises 
and the formation of hydrogen ceases ; the ferrous bicarbonate 
produced yields ferric hydroxide at the water-line, and this obstructs 
diffusion of oxygen and prevents attack of the oxygen-absorption 
type. In effect, therefore, a solution of carbonic acid is not danger- 
ously corrosive ; but it must be remembered that the presence of 
excessive free carbonic acid in a hard natural water may prevent the 
deposition of calcium compounds which would otherwise bring the 
action to a standstill. 

University Chemical Laboratory, 

Cambridge. [Received, January 31s£, 1930.] 


LXVII .—’N-Acylpyrazobnes as Acylating Agents . 

By Joti Sarup Aggarwal and Jnanendra Nath Ray. 


Ethyl acetoacetate reacts with benzoylhydrazine at 100°, s-di- 
benzoylhydrazine and 3-methyl-5-pyrazolone being formed. Their 
production may be explained by the fact that 1 -benzoyl-3-methyl- 
5-pyrazolone, which can be isolated when the above condensation 
is carried out at 10 — 16°, reacts readily with compounds containing 
an amino-group, 3-methyl-5-pyrazolone and the benzoyl derivative 
of the amine being formed. 


NBz 

, NH 2 

MeG=CH + NHBz 


NH 


MeC=CH 


NHBz 

NHBz 


Under the same conditions, benzoylhydrazine does not benzoylate 
a primary amine. 

Similar results are obtained when phenylacetylhydrazine is sub- 
stituted for benzoylhydrazine in the above reactions. 

Bongert (CompL rend., 1901, 132, 973) has obtained 3-methyl- 
5-pyrazolone and butyrylhydrazine by the interaction of methyl 
P-butyryloxycrotonate and hydrazine. 

' Experimental. 

Interaction of Phenylacetylhydrazine and Ethyl Acetoacetate . 
Formation of §-Di%)henylaceiyIkydrazine and 3 - M eihyl-o-pyrazolone . — 
Phenylacetylhydrazine (7-5 g.), ethyl acetoacetate (6*5 g.), absolute 
alcohol (1*3 c.c.), and 3 or 4 drops of piperidine were heated together 
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on the steam-bath for 3 hours. The solid product was extracted 
with hot water, and the residue crystallised from absolute alcohol, 
colourless needles of s-diphenylacetylhydrazine (4-0 g.), m. p. 232 — 
233°, being obtained; Pinner and Gobel ( Ber 1897, 30, 1889) give 
m. p. 231° (Pound : N, 10*65. Calc, for C^H^O^ : K, 10*4%). 
The aqueous extract on concentration gave 3-methyl-5-pyrazolone, 
m. p. (after reerystallisation) and mixed m. p. with an authentic 
specimen, 215°. 

s-Dibenzoylkydrazine. — -A mixture of benzoylhydrazine (7 g.), 
ethyl acetoacetate (6 g.) 5 alcohol (2 c.c.)V and piperidine (3 or 4 
drops) was heated on the steam-bath as in the preceding case. 
The product, isolated in a similar way and recrvstallised from 
alcohol, gave colourless plates (3*5 g.), m. p. 235°, of s-dibenzoyl- 
hydrazine (Struve, J. pr. Chem 1894, 50, 299, gives m. p. 233°) 
(Pound : 1ST, 11*8. Calc, for C 14 H 12 0,N 2 : N, 11*7%), 

l-Phenylacetyl-3-methyl-o-pyrazolone, — A mixture of phenylacetyl- 
hydrazine (7*5 g.), ethyl acetoacetate (6*5 g.), and piperidine (3 or 
4 drops) was kept at the ordinary temperature for 12 hours. The 
solid product crystallised from hot xylene in pale brownish needles, 
m. p. 134 — 136° (Pound : N, 13*3. C 12 H 12 0 2 N 2 requires N, 13*0%). 
A small quantity of a substance, m. p. 228 — 230°, insoluble in hot 
xylene was not investigated. 

1-Phenylacetyl^-methyl^pyrazolone (0*8 g.) was heated with an 
equivalent quantity of aniline at 130 — -140° for an hour or at 100 9 
for 3 hours. Phenylacetanilide, m. p. 116° after recrystallisation, 
was isolated from the reaction mixture, and 3-methyl-5-pyrazolone 
from the acid extract (see below). 

Phenylacetanilide.— & mixture of phenylacetylhydrazine (5 g.), 
ethyl acetoacetate (4*3 g.}, and a few drops of piperidine was kept 
over-night, aniline (3 g.) added, and the mixture heated at 130 — 
140° for an hour. The cooled mass was ground with dilute hydro- 
chloric acid, the liquid filtered, and the residue extracted with 
tepid alcohol. The alcoholic extract on concentration and dilution 
with water furnished phenylacetanilide (1*9 g.) which, after recrystal- 
lisation from hot dilute alcohol, melted, alone or mixed with an 
authentic specimen, at 116° ; a further quantity (0*9 g.) was isolated, 
by fractional crystallisation, from the residue from the alcohol 
extraction. 

A mixture of phenylacetylhydrazine (3 g.) and aniline (2 g.), 
heated at 130° for 1 hour, gave ho phenylacetanilide. 

University of the Punjab, 

Lahore, India. [Received, December 21th, 1929.J 
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LXVIIL — The Vapour Density of Zirconium Tetra- 
chloride. 

By John Albert Newton Friend, Albert Thomas William 
Colley, and Richard Sidney Bayes. 

The only published data on the vapour density of zirconium tetra- 
chloride appear to be those of Deville and Troost ( Compt . rend., 
1857, 45, 821), who, using Dumas’s method at the boiling point of 
sulphur, obtained the values 8*10 and 8*21 (Calc. : 8-09; air == 1). 
These results were of particular interest at the time, since they 
indicated that zirconium was quadrivalent, in opposition to the 
general belief in its tervalency. The second value for the density is 
somewhat greater than the theoretical. Apart from error of observ- 
ation, this might be accounted for by the presence of hafnium, 
although the possibility of association of the tetrachloride deserves 
consideration. 

During experiments on the volatilisation of pure zirconium tetra- 
chloride in a current of chlorine, it had frequently been observed 
by one of us that brown fumes were formed characteristic of zir- 
conium trichloride (Ruff and Wallstein, Z. anorg. Chem 1923, 128, 
96). It seemed of interest, therefore, (i) to determine if association 
could be detected in the vapour at temperatures only slightly above 
that at which volatilisation begins, and (ii) to follow up the observed 
dissociation into trichloride at higher temperatures with vapour- 
density measurements. 

Experimental. 

Purification of Materials. — Elimination of hafnium was effected 
by a method based on the observation that zirconium is more readily 
precipitated from solution by citric acid than is h afnium (Drophy 
and Davey, Physical Rev., 1925, 25, 882). A sample of “ pure ” 
zirconia was converted into sulphate by heating with concentrated 
sulphuric acid, and the solution diluted and filtered. The hydrated 
oxide was precipitated with ammonia from the boiling solution, 
washed, and dissolved in pure nitric acid; the clear solution was 
evaporated to dryness, the residue dissolved in water and filtered, 
and citric acid added in sufficient amount to precipitate about half 
the zirconium as citrate, any hafnium together with the remainder 
of the zirconium being retained in solution. The precipitate was 
filtered off, washed, ignited to oxide, and the process repeated. A 
very pure sample of zirconia was thus obtained. 

Test for cerium. The following test for traces of eeria in zirconia 
was found useful. Cerium colours a borax bead yellowish-green 
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when heated in the oxidising flame. A borax bead weighing 0*056 g. 
was perceptibly coloured (in daylight) by 0*0015 g. of zirconia con- 
taining 4% of ceria. 

Purity of the zirconia . Several attempts were made to follow the 
elimination of hafnia from zirconia by density measurements 
(Hevesy, J., 1924, 125, 2372). The results, however, were not 
sufficiently concordant to be of service, possibly owing to the 
mechanical loss of oxide during ignition, which it is extraordinarily 
difficult to avoid (see Venable and Bell, J. Amer. Chem. Soc ., 1917, 
39, 1599). The equivalent of the zirconium was therefore deter- 
mined chemically from the ratio Zr(S0 4 ) 2 : Zr0 2 . A weighed quan- 
tity of the purified zirconia was heated with concentrated sulphuric 
acid for at least an hour. The rate of solution of the oxide was 
found to depend upon its previous history, frequent ignition 
rendering it very refractory. In none of our experiments were 
we able to effect complete solution of the sample taken. After 
cooling, the mixture was poured into excess water, and heated to 
boiling, any undissolved zirconia being filtered off, ignited, and 
weighed. 

The solution of zirconium sulphate was evaporated to dryness in 
a platinum dish, the heating being carefully controlled towards the 
close of the experiment in order to drive off the excess of acid with- 
out decomposing the sulphate. When a constant weight had been 
obtained, the temperature was raised and the sulphate ignited to 
oxide. In every case the weight of oxide thus obtained was slightly 
less than that originally dissolved, presumably owing to mechanical 
loss. For instance, in two experiments, the initial weights of 
zirconia were 0*4051 and 0*2707 g. and the final weights 0*3926 and 
0*2687 g. respectively. As calculated from the initial weights, 
the values obtained for the equivalent weight of zirconium were 
22*04, 22*00, mean 22*02 ; the accepted value for 1929 being 91*2/4 — 
22*8. Our value is somewhat low in common with early atomic- 
weight determinations by this method [compare Weibull (Lund. 
Arsahrift, 1881 — 1882, vol. xviii), who obtained the mean value of 
89*54/4 = 22*39], probably owing to the di ffi culty of completely 
expelling the acid without simultaneously decomposing the sulphate. 
The results, however, indicate the absence of appreciable quantities 
of hafnium. 

Preparation of Zirconium Tetrachloride . — This was effected by 
Demargay’s method (Compt. rend., 1887, 104, 1136), viz., bypassing 
chlorine, laden with carbon tetrachloride vapour and dried by phos- 
phoric oxide, over heated zirconia as described by Venable and Bell 
(foe, cit.). The chloride was collected in a long tube and transferred 
by shaking into a bottle. It invariably contained traces of zirconia 
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carried over mechanically. r To obtain the pure chloride, the first 
batch was returned to the apparatus "and re-sublimed in a very slow 
current of chlorine — about 2 bubbles per second, as recommended 
by Lely and Hamburger (Z. anorg. Ghem., 1914, 87, 223). Since 
the tetrachloride is very susceptible to moisture, it was condensed 
on tube A (see fig.), which easily slid over the water-cooled tube BC. 
When sufficient had collected, BC was withdrawn and A rapidly 
slid into a slightly wider tube, which thus enclosed the tetrachloride. 
After being weighed, this double tube was used :as the dropping 
bottle in the Victor Meyer apparatus. It was ascertained that no 
condensation of carbon tetrachloride took place along with the 
zirconium salt under our experimental conditions. 


A 


Waste. 

Venable and Bell state that formation of chloride in their experi- 
ments began a little above 300° and was rapid at 450 — 500°, though 
Lely and Hamburger found it necessary to employ a temperature of 
800° to obtain the chloride in bulk. We attempted to determine 
the lowest temperature by passing chlorine and carbon tetrachloride 
vapour over zirconia in a tube supported vertically in a metal-bath, 
the temperature of which was slowly raised, and noting the first 
appearance of sublimate. This occurred at 355°, but the whole of 
the oxide was not converted into chloride even at 500°. The tem- 
perature necessary evidently varies with the physical condition of 
the oxide. 

Determination of Vapour Density . — A modification of Victor 
Meyer ! s apparatus was used, the heated portion consisting of a 
silica vaporising tube of 350 c.c. capacity, supported vertically in an 
electric furnace. The upper part of the apparatus was of glass and 
fitted into the silica tube with a ground joint lubricated with phos- 
phoric acid. The whole was thoroughly dried, and the vertical 
portion filled with dried chlorine. Traces of moisture were rigidly 
excluded, as they reduced the vapour density enormously. In all 
the experiments at 700° the sublimate in the tube at the close of 
the tests was tinged with brown. 

The results are given below, the vapour density being referred to 
that of air as unity. ' 

At 400°. At 445°. ' 

ZrCl 4 , g 0-0875 6-0842 0-0396 1 0-0890 0*0880 

Y.D, ............ 7-32 7-83 6*96 j 5-94 6-30 
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At 500°. 

Zvd 

z if 0*1271 0*1215 0*1105 0*1100 0*1051 0-1042 0*0974 0*0894 0*0425* 

V.D. 8*81. 6*18 7-50 642 9*18 9*25 8*52 7*94 6*20 

At 700°. 

ZrCl 4 , 

e. 0*1362 0*0790 0*0762 . 0*0626 0*0613 0*0584. 0*0444 0*0430 0*0253- 

V.D. 9*00 4*51 5-6S 5*26 4*78 7*64 3*81 4*68 4*13 

Conclusions . — Consideration of the results shows that (1) there is 
no evidence of association at 400° or above. The four high 
results at 500° and the one at 700° are believed to be due to 
decomposition as indicated below. (2) The vapour density of 
zirconium tetrachloride in chlorine falls with rise of temper- 
ature, and appears to fall slightly with dilution. Presumably 
the vapour first dissociates into the trichloride and free chlorine,. 
2ZrCl 4 2ZrCl 3 + Cl 2 . The decomposition can hardly end there, 
however, since according to Puff and Wallstein ( loc . cit.) the tri- 
chloride also dissociates above 330°, thus : 2ZrCl 3 ZrCl 4 + 
ZrCl 2 ; moreover, above 600° the dichloride deposits zirconium, 
2ZrCl2 = ZrCl 4 + Zr. The reactions in the vaporising tube may 
thus be very complex and it is not regarded as possible that a 
complete equilibrium could be obtained in the brief course of an 
experiment* 

Tan Technxcac. College, 

B mwTN rft TTAM . [Received, Novetnber 28th, 1929,] 


TjXl%.—3~Halogeno~Q-nitro- and -6-amino-dimethyl- 

anilines. 

By Herbert Henry Hodgson and Arnold Kershaw. „ 

The 2 ; 4-dihalogenonitrobenzenes have been found to react readily 
with an alcoholic solution of dimethylamine in the absence of a 
catalyst, and in every case it is the 2-halogeno-substituent that is 
easily and exclusively replaced by the dimethylamino-group, this- 
being in accordance with the well-known promotion of mobility of 
halogens by an adjacent nitro-group. Further, the ease of replace- 
ment of one halogen only, indicates considerable satisfaction of the 
electronic demands of the nitro-group by one dimethylamino-group 
(compare the ease with which sodium methoxide replaces both 
halogens in a 2: 4-dihalogenonitrobenzene, a further illustration 
of the fact that NMe 2 >OMe as a potential electron-source). It is 
noteworthy also that in 4-chloro-2-iodonitrobenzene the iodine only 
is replaced by dimethylam i ne under the same conditions, a fact 
which indicates that the 2-carbon atom is more positive than the 
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4-carbon atom, notwithstanding the greater positivity produced by 
chlorine as compared with iodine, and therefore that the general effect 
of the nitro-group (Allan, Oxford, Robinson, and Smith, J., 1926, 
401) is much greater on the 2-carbon than on the 4-carbon atom. 

Most unsubstituted 2-nitrodialkyIani lines are liquids at the 
ordinary temperature, but the derivatives now under consideration 
are solids of low m. p., and since the jp-nitrodialkylanilines have 
high m. p.’s (e.g., 4-nitrodimethylaniline has m. p. 168°), it is prob- 
able that the low m. p.’s of the o-compouhds are due to co-ordination 
of a similar type (I) to that described by Bennett and Willis (J., 
1929, 256). 


/ 


4 '° e 

!— S-^Me 

'iNMe 


tending to become 


4<8e 


-^NMe 2 


/ 


- Me \ / 0->HQ'C 6 H s 




(I.) (II.) 


The 3-halogeno-6-nitrodimethylanilines are not sufficiently basic 
to form salts except with strong acids, and these are immediately 
hydrolysed by water. In non-dissociating solvents such as light 
petroleum and naphthalene, 1% solutions are yellow, and the 
molecular weight of 3-chloro-6-nitrodimethylaniline in naphthalene 
is about 10% above that of the single molecule (compare the dis- 
cussion of similar cases by Sidgwick, Electronic Theory of Valency,” 
1927, p. 149 et seq., who considers that such cryoscopic evidence of 
association must be interpreted with caution). Very deep red 1% 
solutions are formed in phenol, the product being unimolecular, 
which might reasonably indicate a change of structure produced by 
co-ordination of solvent (II). Anisole does not give this colour change. 
The picrates of the 3-halogeno- 6-nitrodimethylanilines are stable, 
with m. p.’s below those of the 3-halogeno-6-aminodimethylanilines : 
these are true salts soluble in water, so the diminution of melting 
point may be due to chelation (III)— a point of view which is sup- 
ported by the fact that the more salt-like is the picrate of a 3-halo- 
geno-6-mtrodimethylaniline the higher is its m. p. ; e.g., iodo- 
(104°), bromo- (85°), and chloro- (70°), a series conforming with the 
well-known order of the general effects of the halogens, Cl>Br>I. 


H-0*C 6 H 2 (N0 2 ) 3 

NMe* 


y-NO» 


(HI.) 


N- 

H 


-H 


\ + wMe 

Nsrc 

^Me 


(IV.) 
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The 3-halogeno-6-ammodimethylanilines are all liquids at the 
ordinary temperature, owing doubtless to chelate union (IV) (com- 
pare Sidgwick and Callow, J., 1924, 125, 527), which should be 
stronger than in the case of o-phenylenediamine (m. p. 102°), since 
the dimethylamino-nitrogen is more negative than the amino- 
nitrogen atom. Moreover, the free bases, including o-aminodi- 
methylaniline itself, are much more stable in. air than p-amino- 
dimethylaniline and much less soluble in water : this is further 
evidence of the great stability associated with 5-membered chelate 
rings. 

All the above substances form stable monohydrochlorides; but 
only the halogeno-compounds give dihydrochlorides, which diminish 
in stability from the chloro- to the iodo-compound. It would 
appear that salt formation produces in the monohydrochloride of 

0- aminodimethylaniline a 5-membered chelate ring, by the sharing 
of a hydrogen ion between the amino-groups (V) (compare Sidgwick’ s 
discussion on hydrofluoric acid, op. cit., p. 72), which is sufficiently 
stable to prevent further salt-formation at the amino-nitrogen 
atom ; but that when the 3-halogeno-atom is introduced, its general 
(inductive) effect on the chelating electrons of the p-amino-nitrogen 
atom is a weakening of their union to such an extent that, under 
the influence of the powerful kationoid reagent (a second molecule 
of hydrochloric acid), the dimethylamino-group captures the 
hydrogen atom and thus enables further salt formation to take 
place at the released amino-group. This salt formation is facilitated 
by the alternating (tautomeric) effect of the halogen substituent, 
now rendered available (compare the greater positivity of the 
3-carbon atom in comparison with the 4-carbon atom in activated 

1- ehloro-3 : 4-dinitrobenzene, due to the alternating effect of the 
chlorine atom). Since the order of the general effect of the halogens 
is d>Br>I, it follows that 3-chloro-6-aminodimethylaniline di- 
hydrochloride will be the most easily formed and, in consequence, 
be the most stable of the analogues. 

Only the free bases mentioned above give violet colours with 
ferric chloride; the salts, however, do so with stronger oxidising 
agents ( e.g chromic acid). 

3-Chloro-6-aminodimethylaniline was recovered unchanged after 
repeated treatment with Caro J s acid under widely varying con- 
ditions : this resistance to oxidation is probably due to chelation 
both in the free base and in the salt (compare the ready oxidation 
of o-anisidine and o-nitroaniline to the corresponding nitroso- 
derivatives, and the instantaneous destruction of p-aminodimethyl- 
aniline under the same conditions). 
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• Experimental. 

Action of Dimethylamine on the 2 : 4,-Dihalogenonitrobenzenes.— 
The 2 : 4 - dihalogenonitr obenzene (10 g.) was boiled under reflux 
with 10% more than the theoretical quantity of a solution of di- 
methylamine (1 g.-mol.) in ordinary alcohol (400 c.c.) to which an 
equal volume of the solvent had been added. The chloro- and 
bromo-compounds were refluxed for 10 hours and the iodo-analogue 
for 15 hours, the alcohol then being' removed by steam : the oily 
reaction product solidified on cooling [compare Weissenberger 
(Monatsh., 1912, 33, 821), who in a similar reaction with o-ckloro- 
nitrobenzene used absolute alcohol and copper powder, both of 
which have now been found unnecessary]. 

2- ChloroS-nitrodimethylaniline crystallises from light petroleum 
in short, stout, dull yellow prisms, often almost cubes, m. p. 49° 
(Found: Cl, 17*5; M, eryoscopic in phenol, 185*9, 187*8; M, 
eryoscopic in naphthalene, 199*5, 210*5. C 8 H 9 0 2 N 2 C1 requires Cl, 
17*7%; M , 188*5), which are fairly readily volatile in steam. The 
constitution of this compound was confirmed by its preparation 
(as above) from 4-ehloro-2-bromo- and also from 4-ehloro-2-iodo- 
nitrobenzene. The picrate, prepared from the compound (0*6 g.) 
and picric acid (0*7 g.) in boiling alcohol (7 c.c.), is deposited, on 
cooling, in bright yellow, flat prisms, m. p. 70° (Found : Cl, 8*1. 
CgHgO^CbC^O^ requires Cl, 8*3%). 

3- Bromo-6-nitrodimeihylaniline separates from light petroleum in 
crystals, m. p. 58*5°, resembling those of the chloro- analogue 
(Found : Br, 32*4. C 8 H 9 0 2 l!sr 2 Br requires Br, 32*6%). The 
picrate melts at 85° (Found : Br, 16*6. CgHgO^oBrjCg^OyNg 
requires Br, 16*9%). Their constitutions follow from their identity 
(mixed m. p., etc.) with the compound and its picrate made from 
2-chloro-4-bromonitrobenzene by the general process above. The 
2-chloro-4-bromonitrobenzene was obtained from 3-ehloro-4-nitro- 
aniline by means of the Sandmeyer reaction. 

3 -IodoS-nitrodimethylaniline crystallises from light petroleum 
in long orange prisms, m. p. 52° (Found : I, 43*7. CgE^OJSTgl 
requires I, 43*5%). It was also obtained from 2-chloro-4-iodo- 
nitrobenzene, prepared from 3-chloro-4-nitroaniline by the usual 
iodination process. The picrate melts at 104° (Found : I, 24*2. 
CgHgOgNgljCgHgOYNg requires I, 24*4%). All the 3-halogeno-6- 
nitrodimethylanilmes are precipitated on dilution of their colourless 
solutions in concentrated sulphuric acid. o-Nitrodimethylaniline 
picrate crystallises from alcohol in long yellow prisms, m. p,103° 
(Found : N, 18*0. C 8 H 10 O 2 hr 2 ,C 6 H 3 O 7 N 3 requires N, 17*7%). 

Reduction of the 3-Ha2ogeno-f>-nitro- to the S-Halogeno-6-amino - 
dimethylaniUnes . — Each of the above nitro-compounds is readily 
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reduced by iron powder and 50% aqueous acetic acid to the corre- 
sponding amine, which is then removed by steam distillation from 
the reaction mixture, made alkaline. The amines are colourless 
viscous oils of a not unpleasant odour and are volatile in steam. 
The chloro- and bromo-compounds are conveniently isolated from 
the steam distillates directly as hydrochlorides, but the iodo- 
compound, on account of its ready decomposition when boiled with 
hydrochloric acid, is extracted with ether prior to its conversion 
into the hydrochloride. 

3-Chloro-6-aminodimethylaniline (Found : Cl, 20-6. C 8 H n N 2 Cl 
requires d, 20*8%) forms a monohydrochloride , which crystallises 
from water in long needles (Found : Cl, 34*1. CgH-Q^CljHCl 
requires G, 34*3%). The dihydrochloride separates from concen- 
trated hydrochloric acid solution in colourless prisms (Found : 
ionisable Cl, 29*1; total Cl, 43*5. C 8 H 13 N 2 CL2HC1 requires ionis- 
able G, 29*1; total Cl, 43*7%). The pier ate separates from a hot 
alcoholic solution of equimolecular quantities of the amine and 
picric acid in bright yellow prisms, m. p. 151° (to a brown-red 
liquid) (Found : Cl, 8*7. CgHijNaCl^eHgO^ requires Cl, 8*9%). 

3-Bromo-§-aminodimethylaniline (Found : Br, 37*0. C 8 H u N 2 Br 
requires Br, 37*2%) forms a monohydrochloride (Found: Cl, 14*1. 
CgH^NgBrjHCl requires Cl, 14*1%) and a dihydrochloride (Found : 
Cl, 24:6. CgHij^Br^HCl requires Cl, 24*6%). The picraie crystal- 
lises from alcohol in bright yellow prisms, m. p. 137° (Found : 
Br, 17*9. CgH^lS^BrjCgHgOyNg requires Br, 18*0%), ’ 

3-Iodo-6-aminodimethylaniline (Found : I, 48*2. C 8 H 1 :i ;N 2 I re= 
quires I, 48*5%) forms & monohydrochloride (Found: Cl, 11*8. 
C 8 H 1]L ]Sf 2 I,HCl requires Cl, 11*9%) and &dihydrochloride (Found ; 
Cl, 20*0. C 8 H 13 N 2 I,2HC1 requires Cl, 21*2%). The latter analysis 
indicates the presence of monohydrochloride (compare the theoretical 
discussion). The picraie crystallises in thin, bright yellow plates, 
m. p. 167° (Found : I, 25*6. C 8 H U N 2 I,C 6 H 3 0 7 N3 requires 1, 25*9%). 

o-A minodimethylaniline is prepared as above by reduction of 
o-nitrodimethylaniline and has b. p. 212° (Found : N, 20*7. 
CgB- 12^2 requires 1ST, 20*6%). Its monohydrochloride separates from 
concentrated hydrochloric acid in long colourless prisms (Found: 
Cl, 20*9. C 8 H 12 N 2 ,HC1 requires Cl, 20*6%), The picrate crystal- 
lises in bright yellow prisms, m. p. 136° (Found : N, 19*3. 
C 8 H 12 N 2} C e H 3 0 7 ]Sr 8 requires ;N, 19*2%). 

The authors desire to thank the British Dyestuffs Corporation 
for generous gifts of chemicals. 

Technical College, Htoueesiteld. { Received , December 23rd, 1929,] 
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L XX.— y - Phenyl - a - methylpropyldimethylarsine , jS- 

Benzylbutyldimethylarsine , /Same Related 

Compounds . 

By Albert Brewin and Eustace Ebenezer Turner. 

Before tlie appearance of the paper by Mills, Parkin, and Ward 
(JV, 1927, 2613), we were attempting to prepare certain derivatives 
of dibydroarsindole and of tetrahydroarsinoline in which cis-trans 
isomerism should be exhibited. For one reason or another, no 
suitable ring arsines were obtained, but the results now recorded 
may be of value to future workers. 

We have endeavoured to carry out a number of syntheses of the 
type : 

(I) CHoPh-CHR-CHB'Br -> (II) CH 2 Ph‘CHR*CHR'*MgBr — > 
(HI) GH 2 Ph-CHR-CHR'-AsMe 2 
(IV) CH 2 Ph-CHR*CHIt , -AsMe 2 Cl 2 

(V) CH 2 Ph*CHR # CHR / • AsMeCl Derivative of tetrahydro- 

arsinoline. 

$-JBenzylbutyl bromide (I; R = Et, R' = H) readily formed a 
Grignard reagent, but this reacted with dimethyliodoarsine to 
give only a poor yield of fe-benzylbutvldimethylarsine (as HI). 

Neither ay-diphenylpropyl bromide (I; R = H, R' = Ph) nor 
y -phenyl- 0 L-m~chlorophe,nylpropyl bromide (I ; R — H, R' — m-C 6 H 4 Gl) 
could be caused to combine with magnesium. On the other hand, 
y-bromobutylbenzene readily formed a Grignard reagent, which 
reacted with dimethyliodoarsine to give y-phenyl-a-methylpropyl- 
dimethylarsine, CH 2 Ph*CH 2 *CHMe-AsMe 2 . The dichloride (as IV) 
of this substance, however, underwent the expected loss of methyl 
chloride (on heating) only to the extent of a few units %, the 
major portion decomposing to give y-ehlorobutylbenzene and 
dimethylchloroarsine. 


Experimental. 

$-Benzylbuiyl bromide, b. p. 135°/20 mm. (yield, 73%) (Found : 
Br, 34’9. C n H 15 Br requires Br, 35-2%), was prepared from 
P-benzylbutyl alcohol by means of phosphorus tribromide, the 
alcohol (b. p. 128 — 132°/11 mm.) being obtained in 73% yield by 
reducing ethyl a-benzylbutyrate (b. p. 133 — 136°/15 mm.; 145 — 
150°/20 mm. ; 155 — 160°/30 mm.) with sodium and absolute alcohol. 
The most convenient synthesis of the ester proved to be the follow- 
ing : Benzylidenemalonie acid was prepared (43% yield) and re- 
duced (yield, almost quantitative) by the methods of Cladsen and 
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Crismer (Annahn, 1883, 218. 135). Esterification of the benzyl - 
malonic acid with alcohol and concentrated sulphuric acid proceeded 
to the extent of 75%, and the resulting ester (b. p. 170°/13 mm.) 
gave rise by normal procedure to a 90% yield of ethyl benzylethvl- 
malonate. This was converted by Mohr’s method (J. pr. Ghem, y 
1905, 71 , 331) into a-benzylbutyric acid, b. p. 175 — 177°/20 mm. 
(yield, 77%). 

$-Benzylbutyldimethylarsine . — A solution of p-benzylbutyl bromide 
in three times its weight of ether was added gradually to slightly 
less than one atomic proportion of magnesium turnings, covered 
with ether, initial interaction being promoted by the use of iodine. 
Dimethyliodoarsine (1 mol.), dissolved in twice its volume of benzene, 
was slowly added to the formed Grignard reagent and the whole 
was gently boiled for an hour. Water and dilute hydrochloric acid 
were then added and the ether-benzene layer was worked up in the 
usual manner. The arsine, distilled in a current of hydrogen, was 
a colourless, strongly smelling oil, b. p. 150°/20 mm. (yield, 30%). 

a y-Diphenylpropyl bromide , b. p. 185 — 190°/30 mm. (Found: 
Br, 29-0. C 15 H 15 Br requires Br, 29*1%), was prepared by the 
action of phosphorus tribromide on the corresponding alcohol, 
which was obtained (80 g.) from benzaldehyde and the Grignard 
reagent from 100 g. of ^-phenylethyl bromide. 

y-Bromobutylbenzene . — p-Phenylethyl bromide (170 g.) was con- 
verted into a Grignard reagent, and the latter was treated with 
120% of the calculated quantity of acetaldehyde, dissolved in ether. 
An 85% yield of p-phenylethylmethylcarbinol, b. p. 124 — 126°/ 
15 mm,, or 128 — 130° /20 mm., was obtained, together with a small 
quantity of a$-diphenylbutane. From 80 g. of the carbinol, by 
means of phosphorus tribromide, 90 g. of y-bromobutylbenzene T 
b. p. 118— 119°/14 mm., 129—130720 mm., or 137—138734 mm., 
were obtained (Found : Br, 36-9. C 10 H 13 Br requires Br, 37*5%). : 

y-Phenyl-a-methylpropyldimethylarsine was obtained in 56% 
yield from the interaction of dimethyliodoarsine and a Grignard 
reagent from y-bromobutylbenzene. It is a colourless, highly re- 
fractive oil, b. p. 143 — 145720 mm., or 163°/50 mm. The meth- 
iodide was readily produced, and formed globular crystals, m. p. 
156° (softening at 153°) (Found: I, 33*3. C 13 H 22 IAs requires 
1,33*5%). 

y-Phenyl-ca-m-chlorophenylpropyl alcohol was obtained in 64% 
yield from ra-ehlorobenzaldehyde and magnesium p-phenylethyl 
bromide in ethereal solution. It boiled at 210— 215°/25 mm. 
(Found : Cl, 14*65. C 15 H 15 0C1 requires Cl, 14*45%). 

y -Phenyl- oi-m-chlorophenylpropyl bromide was obtained from the 
alcohol in 43% yield, and boiled at 200— 205°/30 mm, (0*2258 g. 
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gave 0*2457 g. of AgCl + AgBr. C 15 H 14 ClBr requires 0*2435 g. 
of AgCl 4* AgBr). 

One of ns (A. B.) is indebted to the Department of Scientific and 
Industrial [Research for a maintenance grant held while this investig- 
ation was in progress. 

East Lonuon College, 

. University or London. [Received, February 6$, 1930.] 

LXXI . — The Reactivity of Halogen Atoms in Com- 
pounds of the Pyridine Series. Part I. The 
Halides of 2-Stilbazole. 

By John Walter Blood and Brian Duncan Shaw. 

Baurath (Ber. } 1887, 20, 2719 ; 1888, 21, 818) found that 2-stilb- 
-azole (2-styrylpyridine) dibromide reacted with alcoholic potassium 
hydroxide, but was unable to isolate an acetylenic base analogous to 
tolane. Ladenburg (Ber., 1903, 36, 119), who reinvestigated the 
reaction at higher temperatures, described his product as deoxy- 
benzazoin. Five years ago, one of us observed that the action of 
pyridine upon the dibromide regenerated 2-stfibazde. This evidence 
of the presence of a “ positive 53 bromine atom led us to study the 
reaction of a variety of other reagents. Pyridine, phenol, aqueous- 
alcoholic potassium hydroxide, potassium iodide, and hydriodic acid 
yield 2-stilbazole even when the quantity of reagent is equivalent 
■only to one bromine atom ; indicating that after replacement of one 
bromine atom with hydrogen, loss of hydrogen bromide occurs 
spontaneously. This agrees with the known inability of 2 -stilbazole 
to combine additiveiy with hydrogen bromide at the ethylenic 
l in k i ng (compare Bath, Ber., 1924, 57, 841). On the other hand, 
with piperidine or sodium ethoxide a mombromostiibazole results, 
and alcoholic potassium hydroxide containing very little water 
yields a mixture of stilbazole and hromostilbazole. The position 
of the bromine atom in the latter compound, which is singularly 
unreactive, has not yet been determined ; but as one of us has been 
obliged to abandon the work, the results so far obtained are now 
given. Similar results were obtained with 2 -stilbazole dickloride. 
When stilbazole was the product, a small quantity of oil usually 
accompanied the solid base. This oil gradually yielded the solid 
base and treatment with bromine gave stilbazole dibromide. 
Similar oils accompanied the solid chloro- and bromo-stilbazoles; 
these also solidified on long standing. The investigation is being 
extended to the isomeric stHbazoles and their substitution products. 
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Experimental. 

The 2-Stitbazole Chlorides . — A solution of chlorine (7*1 g. ; 1 mol.) 
•in carbon tetrachloride (50 c.c.) was added gradually to a solution of 
2-stilbazole (18-1 g. ; 1 mol.) intKe same solvent. The mixture boiled, 
and was cooled in water ; a gummy solid then separated. The clear 
solution deposited colourless needles of 2-stilbazole dichloride, m. p. 
153 — 154° after recrystallisation from alcohol. The dichloride was 
readily soluble in acetone and sparingly soluble in cold alcohol, 
chloroform, or carbon tetrachloride (Pound : Cl, 28*3. C 13 H 11 ]SrCl 2 
requires Cl, 28-2%). A little unchanged stilbazole was recovered 
from the mother-liquor. 

The gummy solid was dissolved in hot alcohol; on cooling, small 
plates of 2-stilbazole tetrachloride were deposited, m. p. 180 — 181° after 
recrystallisation from alcohol (Found : Cl, 43*6. CisH^NCl, 
requires Cl, 43*96%). On treatment with cold aqueous sodium 
carbonate solution the compound readily gave the dichloride, 
indicating that half the chlorine was united to the nitrogen atom. 

The 2-Stilbazole Bromides . — In the preparation of the dibromide 
by Baurath’s method (loc. cit.) it was found better to employ less 
than the theoretical amount of bromine, as otherwise the product 
was contaminated with a yellow insoluble substance which appeared 
to be 2-stilbazole tetrabromide. The compound decomposed on 
being heated. Consistent analytical results could not be obtained, 
as it gradually lost bromine on exposure to the atmosphere, yielding 
the dibromide. The latter, crystallised from alcohol, had m. p. 172° 
(Baurath gives 166 — 167°). 

Action of JReagents upon the Stilbazole Dihalides . — Except where 
otherwise stated, the results with the dichloride were exactly similar 
to those given for the dibromide. 

• Alcoholic potassium hydroxide. 2-Stilbazole dibromide (6*8 g. ; 

1 mol.) was boiled with a solution of potassium hydroxide (2*28 g. ; 

2 mols.) in 95% alcohol (50 c.c.). The solution rapidly became red, 
but was still alkaline after 6 hours. The aleohol was removed, 
water added to the residue, and the brown oil extracted with benzene. 
After removal of the solvent the oil was treated with successive small 
quantities of light petroleum (b. p. 50—60°). The first fractions 
deposited long, pale yellow prisms of monobromostilbazole , which 
were obtained colourless by recrystallisation from alcohol; m. p. 
74 — 75° (Found : C, 60*15 ; H, 4*0; Br, 30*5. C 13 H 10 NBr requires 
C,60*2; H, 3*9 ; Br, 30*8%). 

The later light petroleum fractions were coloured, and left a 
thick brown oil on removal of the solvent. The residue was distilled 
with steam; a colourless oil, which distilled very slowly, was 
separated with benzene. After removal of the solvent the pale 
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brown oil partly crystallised. The solid, after crystallisation from 
light petroleum, had m. p. 91° alone or mixed with 2-stilbazole. A 
portion of the residual oil gave, with bromine, 2-stilbazole dibromide, s 
m. p. 172,° The remainder, on exposure to the air, yielded the solid 
base. Yields : bromostilbazole 1*5 g., 2-stilbazole 2*1 g. ; 30% and 
60% of the theoretical respectively. Increase in the percentage of 
water raised the proportion of 2-stilbazole. 

In a repetition experiment the mixture was not heated, but kept 
•at room temperature for 2 days. Yields : bromostilbazole 2*5 g., 
2-stilbazole 0*32 g. ; 50% and 9% of the theoretical respectively. 
The residual oil slowly deposited more of the solid bromostilbazole. 

Sodium ethoxide. Preparation of monobromostilbazole . A solution 
*of sodium (0*35 g. ; 1 atom) in anhydrous alcohol (7*0 c.c.) was added 
i}o stilbazole dibromide (5*1 g. ; 1 mol.). A reaction commenced on 
warming and was complete after 5 minutes’ boiling. Water (50 c.c.) 
precipitated an oil which solidified when rubbed ; yield, 3*8 g. (85% 
of the theoretical). Crystallisation from light petroleum gave 
long colourless prisms, m. p. 75°.- The mother-liquor, after evapor- 
ation, left an oil which gave solid monobromostilbazole on long 
.standing. The length of the crystals obtained by slow crystallis- 
ation from light petroleum appears to be limited only by the size of 
the vessel. From alcohol, on the other hand, large compact prisms 
are obtained. 

Pyridine . 2-Stilbazole dibromide (3*4 g.) was boiled with pyridine 
4[6 g.) for 1 hour. The dark solution was poured into water, and the 
solid crystallised from alcohol; m. p. 90 — 91°, mixed m. p. (with 2- 
stilbazole) 90 — 91°. Yield, 1*35 g. (75% of the theoretical). 

Piperidine . 2-Stilbazole dibromide (6*8 g.) was heated on the 
water-bath with piperidine (5 g.) during 10 minutes. The semi-solid 
product was treated with water (30 c.c.) and extracted with benzene. 
The solvent was removed and the residual oil crystallised from light 
petroleum ; m.p. 74 — 75° ; yield, 3*3 g. of monobromostilbazole (63% 
of the theoretical). A small quantity of oil was not examined. 

Potasdum iodide . 2-Stilbazole dibromide (0*2049 g.) was boiled 
with potassium iodide (4 g.) in alcoholic solution (100 c.c.). The 
reaction was followed by. titration of aliquot portions of the liquid, 
largely diluted with water, with Nj 10-sodium thiosulphate solution. 
After 3 hours, the rate of liberation of iodine slackened and became 
constant; total, 0*1820 g. I 2 . In a parallel experiment from which 
the dibromide was omitted, 0*025 g. I 2 was liberated; differ- 
ence 0*1570 g. Theoretical, calculated from the equation 
C 5 im 4 *CHBrCHBrPh + 2KI = C 5 NH 4 *CH:CBnPh + 2KBr + L>, 
0*1527 g. 

Bydriodieadd. 2-Stilbazoledibromide(0*110g.) was heated on the 
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water-bath with potassium iodide (0*10 g.) in acetic acid (10 g.). The 
iodine liberated was titrated with N /10-sodium thiosulphate solution. 
Found, 0*080 g. The equation C 5 NH 4 *CHBr*CHBrPh + 2HI = 
C 5 NH 4 *CH:CHPh + 2HBr + I 2 requires 0*0804 g. 

A mixture of 2-stilbazole dibromide (3*4 g. ; 1 mol.), acetic acid 
(10 c.c.), and potassium iodide (3*34 g. ; 2 mols.) was heated to boiling 
and rapidly cooled to 15°. The brown crystalline mass which 
separated was removed/pressed, and treated with sulphurous acid 
to remove iodine. The yellow needles obtained softened at 96°, 
melted at 100°, resolidified at 116 — -120°, and again melted at 179 — 
180°. A portion crystallised from hot water and dried at 100° had 
m. p. 182 — 184°, and mixed m. p. (with an authentic specimen of 2- 
stilbazole hydriodide) 182—184° (Found : I, 36*6 ; M, by titration 
with N j\ 0 JNTaOH, 341 . Calc, for C 13 H n N,HI,2H 2 0 : I, 36*8% ; M, 
345). A portion gave with sodium carbonate solution a white 
solid, m. p. 90 — 91° ; mixed m. p. (with 2-stilbazole) 90—91°. 

Phenol. 2-Stilbazole dibromide (2*5 g.) was heated with phenol 
(0*50 g. ; excess) at the melting point of the mixture during 2 hours. 
The solid product was dissolved in hot alcohol ; needles of hydrated 
2-stilbazole hydrobromide , m. p. 187 — 189°, separated on cooling. 
Treatment with sodium carbonate gave 2-stilbazole, m. p. 90—91°. 
The alcoholic mother-liquor was poured into water; the red solid 
obtained, crystallised from hot water, had m. p. 94 — 95°, and mixed 
m. p. (with tribromophenol) 94 — 95°. 

An authentic specimen of 2-stilbazole hydrobromide was prepared 
from the pure base in needles, readily soluble in hot water and * 
sparingly soluble in alcohol ; m. p. (anhydrous) 188 — 189° (Found : M, 
280*5. C^HxjNjHBrjHgO requires M, 280). 

The experiment was repeated, sufficient phenol being used to remove 
only half the bromine as tribromophenol ; -the result was as before. 

Action of Sodium Ethoxide upon 2-Stilbazole Dichloride . — To a 
solution of sodium (0*50 g.) in anhydrous alcohol (10 c.c.), 2-stilbazole 
dichloride (3 g.) was added, and the solution boiled during 10 minutes. 
The alcohol was removed, the Residue treated with water and 
extracted with benzene, the solvent removed, and the oil dissolved 
inlight petroleum ; colourless prisms of monochlorostilbazole 3 m.p. 63°, 
readily soluble in alcohol and sparingly soluble in light petroleum, 
were obtained (Found : Cl, 16*5. C 13 H 10 NC1 requires Cl, 16*4%). 

The authors are indebted to Professor F. S. Kipping, F.R.S., for 
his interest in this work, and to the South Metropolitan Gas Company 
for a supply of pyridine bases. , ....... - 

University College, Nottingham. [Received, February 1th , 1930.] 
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T iXXI I>— Digoxin, a New Digitalis Olucoside . 

By Sydney Smith. 

In recent years it has been shown that the leaves of Digitalis lanata 
have a greater physiological activity than those of Digitalis purpurea, 
the species used in medicine; e.g., Wokes {Quart. J. Pharm. 
Pharmacol ., 1929, 2, 292) found the potency of a specimen of 
Digitalis lanata to be 3*5 — 4 times that of the international standard 
leaf. 

The total glucosides of the leaves of this species were therefore 
isolated and fractionated in order to separate the glucosides and 
compare them with those from the official species. This: part of 
the work is not yet completed, but during the fractionation a glucoside 
was obtained in small amount differing from those hitherto known. 
This new glucoside, which has been named digoxin , resembles gitoxin 
in its sparing solubility in chloroform, but is readily distinguished 
from it by giving an olive-brown colour completely free from red when 
dissolved in acetic acid containing a trace of ferric chloride and 
treated with sulphuric acid (Keller reaction). In the latter respect 
it is similar to pure digitoxin. Digoxin is optically active. It is 
very easily hydrolysed and gives a crystalline genin and only one 
sugar, digitoxose. The results of combustion and the molecular- 
weight determinations of the genin suggest the empirical formulae 
^41^64^14 and C 23 H 34 0 5 for digoxin and digoxigenin respectively 
* and the yields of the hydrolytic products are in agreement with the 
equation C 4I H 64 0 14 + 3H 2 0 = C 2S K u 0 5 + 3 C 6 H 12 04 . 

Dr. J. W. Trevan, of the Wellcome Physiological Research 
Laboratories, has kindly estimated the activity of the glucoside and 
its genin by the Trevan and Boock frog method with the following 
results: 1 mg. of digoxin is equivalent to 0-28 mg. of standard 
ouabain and 1 mg. of digoxigenin is equivalent %o 0*026 mg. of 
standard ouabain. 

Experimental. 

The total glucosides were dissolved in acetone and kept for some 
time until a mixture of the less soluble glucosides (fraction A} 
separated. The mother-liquor was diluted with water and allowed 
to stand. The precipitate (fraction B) was separated, and the 
filtrate saturated with sodium chloride (fraction C). Each of these 
three precipitates contained digoxin. The acetone crop (A) may be 
worked up by dissolving it in 80% alcohol and concentrating the 
solution under diminished pressure until solid separates ; after filter- 
ing, the solution is concentrated and one or two further crops are 
obtained. By boiling each fraction with chloroform or ethyl acetate, 
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a sparingly soluble portion is obtained which is purified by solution 
in 80% alcohol and concentration as before. The purification is 
continued in this way until the specific rotation remains unchanged 
and the Keller reaction gives an olive-brown colour completely free 
from any trace of red. Fractions B and C may be worked up by 
dissolving them in alcohol and gradually diluting the solutions 
with water. The less soluble fractions are then purified by the 
process described for fraction A. 

Digoxin crystallises from dilute alcohol or from pyridine and water 
in colourless, four- or five-sided plates free from solvent (Found in 
material dried at 100° in a vacuum : C, 03*1, 63*1, 63*0 ; H, 8*2, 
8*3, 8*2. C 41 H 64 0 14 requires C, 63*0 ; H, 8*3%). The m. p. varies 
with the rate of heating, but when placed in a bath at 260° and 
slowly heated, the substance melts and decomposes at about 265° 
(corr.). It is almost insoluble in chloroform, ethyl acetate, and 
acetone, but dissolves in a mixture* of chloroform and alcohol or in 
pyridine or dilute alcohol. It is more soluble in hot 80% alcohol 
than gitoxin. In pyridine solution the specific rotation [a]g^ — -f* 
13*3° (c = 1-5). Like digitoxin and gitoxin, digoxin gives on 
heating an oily distillate which readily crystallises. 

Hydrolysis of digoxin. Digoxin (2-903 g. dried at 100° in a vacuum) 
was boiled under reflux with a mixture of alcohol (290 c.c.) and 
water (290 c.c.) containing 2*25 c.c. of hydrochloric acid (d 1*16). for 
| hour. The solution was neutralised with sodium, hydroxide and 
concentrated under reduced pressure. The genin separated in well- 
defined prisms and after drying at 80° in a vacuum weighed 1*387 g. 
(47*8%). The filtrate and washings were diluted to 200 c.c. and 
after addition of 0*4 c.c. of concentrated hydrochloric acid the 
mixture was heated on a water-bath for 20 minutes. After cooling, 
the liquid was extracted with chloroform, which removed a trace of 
sticky material (0*037 g. ; 1*3%). The aqueous liquid was neutral- 
ised with sodium hydroxide and evaporated to dryness under 
d iminished pressure, the residue was thoroughly dried over sulphuric 
acid in a vacuum desiccator and extracted with dry acetone, and the 
extract was evaporated to dryness. The residual sugar rapidly 
crystallised and after drying at 80° in a vacuum weighed 1*541 g. 
(53-1%). 

Digoxigenm. The anhydrous genin without purification had 
[a]g^ = + 25*8° (c in methyl alcohol, 1*04). After one crystallisation 
from ethyl acetate it had [a]^ -f- 27 *0° (c in methyl alcohol, 1*77), and 
this value was not altered by further crystallisation, Digoxigenin 
separates from ethyl acetate in stout colourless prisms free from 
solvent, m. p. 222° (corr.). It crystallises from dilute alcohol in 
prismatic rods containing water of crystallisation. When, dissolved 
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in glacial acetic acid containing a trace of ferric chloride and treated 
with sulphuric acid, it gives a greenish-yellow ring (Found for the 
air-dried crystals: C, 64-5; H, 8*8; loss at 80° in a vacuum, 8*6. 
C^H^OsJHoO requires C, 6£*7 ; H, 9*0 ; H 2 0, 8*5%. Found for the 
substance dried in a vacuum at 80° : C, 70*7, 70*5, 70*7, 70*4 ; H, 8*6, 
8-6, 8*7, 8*7 ; M , in camphor, 394, 366, 372. GggH^Og requires C, 
70*7 ; H, 8*8% ; Jf, 390*3). 

Digitoxose. The sugar (1*541 g.) without purification had [a]^ + 
55*5° (c in water, 1*6). After crystallisation from ethyl acetate it 
had [a]^ -f 55*6° and melted at 104.° Yield of successive crops, 
1-134 g., 0*145 g., and 0*084 g. (total, 88*5%). By recrystallisation 
them. p. was raised to 112°. Cloetta (Arch. Exp. Path. Pharm ., 1926, 
112, 276) recorded 110°. The sugar gave the Keller reaction 
characteristic of digitoxose (Found : C, 48*9, 48*6 ; H, 8*2, 8*2. 
Calc, for C 6 H 12 0 4 : C, 48*6 ; H,8-2%). 

The author is indebted to Dr. Hill, Director of the Royal Botanic 
Gardens, Kew, for the botanical verification of the material used 
and to Mr. A. Bennett for the micro-analyses. 

Wellcome Chemical Wobks, 

Dabteoed. [Received, February 8 th, 1930.] 


LXXIIL — Properties of Conjugated Compounds . Part 
VIII . Addition of Bromine to aS-, ay- ? and fiy- 
Dim ethylbutadienes. 

By Ernest Harold Farmer, Cyril Dunn Lawrence, and William 

Dallas Soott. 

The experiments here described are a continuation of the investig- 
ation on the influence of substitution in the butadiene chain on (1) 
the tendency towards the initial formation of adjacent and terminal 
dibromides and (2) the related structural mobility of the dibromides 
themselves. As in previous papers, all methods of determining 
the constitutions of the bromination products which involve the 
formation and decomposition of cyclic oxides, interactions with 
sodiomalonic esters, amines, etc., have been rejected; reliance has 
been placed on the detailed examination of the action of perman- 
ganate and of ozone, and densities and refractive indices have 
frequently been determined as an aid in detecting isomerisation. 
The conclusions reached for each hydrocarbon are based on the 
observations made over a large number of bromination and oxidation 
experiments. 
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o&-Dimeihylbutadiene . — The addition of bromine to aS-dimethyl- 
butadiene has been examined by Duden and Lemme (Ber., 1902, 35 ,. 
1338), who obtained their hydrocarbon by the removal of hydrogem 
bromide from ps-dibromohexane with quinoline. The boiling point 
of their specimen was somewhat high (87 — 89°),* but evidence was; 
brought forward which showed that the major portion of the- 
(distilled) dibromide obtained therefromVas the terminal dibromide:. 

Our experiments have shown that the dibromide produced is a 
stable compound having no recognisable tendency towards isomeris- 
ation at room temperature or on heating. The densities and" 
refractive indices of freshly prepared, distilled, and aged specimens; 
are identical, and the evidence of oxidation processes indicates the- 
absence therefrom of any proportion of an isomeride. Consequently' 
the formation of a homogeneous terminal dibromide from this- 
hydrocarbon appears to be more complete than in any instance yet" 
investigated. In order to show this directly, attempts have beem 
made to convert the dibromide quantitatively into its dihydroxy- 
derivative, CHMeBr*CH( OH ) *CH(OH ) -CHMeBr , a solid form of 
which (see p. '51 6) is readily produced during oxidation with per- 
manganate. Invariably, however, two dibromoglycols are formed — 
the solid already mentioned (representing about 60% of thedibromidV 
which suffers oxidation) and a liquid which loses hydrogen bromid’e* 
during distillation. The former resists the further action of cold' 
permanganate, but the latter is so readily attacked that its degrad- 
ation proceeds side by side with the preliminary hydroxylation of 
the hydrocarbon dibromide. Consequently the liquid dibromoglycof 
is always accompanied by considerable quantities of a-bromo- 
propionic, lactic, and pyruvic acids : presumably these are its own 
degradation products, but since it is obtainable only in small yield, 
a direct demonstration of its oxidisability to these substances has; 
not been possible. 

ay-Dimethylbutadiene . — The hydrocarbon was obtained 1 by dehydr- 
ation of p-methylpentane-(3&-diol, OH-CMe 2 *CH 2 *CHMe*GH, the* 
reduction product of diacetone alcohol. Our early experiments on 
the oxidation of the derived dibromide at once showed that the* 
constitution of aa-dimethylbutadiene assigned to the hydrocarbon 
by Kyriakides (/. Amer. Chem. Soc., 1914, 36, 99£) was incorrect,. 

* The homogeneity of conjugated hydrocarbons prepared by recorded! 
methods has been concurrently investigated by one of us with Dr. F. L. 
Warren. The results of this investigation will shortly be published together 
with the physical properties of the seven mono- and di-methylbutadienes*.. 
For this reason, physical data (other than boiling points) relating tb hydro* 
carbons are here omitted. For convenience in this and subsequent papers,, 
the Geneva names for the hydrocarbons are restricted to the experimental 
portion. 
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but details of the establishment of the alternative constitution 
are here omitted because Diels and Alder (Annalen, 1929, 470, 98) 
have shown that this and several other methods believed to give 
the aa-hydrocarbon yield in fact the ay-isomeride. The inter- 
mediate dehydration product, represented as CMe 2 tCH*CHMe* OH 
by Kyriakides, is probably an isomeric met hylpentenol , since we 
could not isolate acetone from its oxidation products. 

The oily dibromide obtained from ay-dimethylbutadiene is 
unstable, suffering partial degradation to a monobromide on heating 
or (slowly) on standing. Since at each successive distillation a 
considerable portion of the dibromide is broken down, leaving a 
residue which is to all appearances homogeneous and without 
tendency towards isomeric change, there is nothing to suggest that 
a preferential degradation of one component in a mixture of a|3- (or 
y§-) and aS-dibromides is taking place. The densities of freshly 
prepared undistilled and distilled samples do indeed differ slightly 
(1*586 and 1*603 respectively), probably owing to the formation of a 
trace of monobromide during the isolation of the former. Per- 
manganate oxidation experiments with distilled and undistilled 
specimens of the dibromide show that at least it consists largely of 
the terminally dibrominated compound CHMeBr*CH!CMe*CH 2 Br, 
and both permanganate and ozone oxidations fail to furnish any 
vestige of positive evidence pointing to the initial occurrence of 
a proportion of an aS- or yS-isomeride. Although ozonolysis might 
be expected to reveal the presence of any appreciable proportion of 
either of these forms, the difficulties attending the examination of 
the products of permanganate oxidation and of ozonolysis are such 
that small quantities of their degradation products could remain 
undetected. Permanganate oxidation follows a course similar to 
that outlined in the preceding section, and therefore quantitative 
conversion into stereoisomerie dibromoglycols is not possible. 

^y-BimeihyJbviadiene . — The bromination of fty-dimethylbutadiene 
has been extensively investigated (Mariuza, J. Rxiss. Phys. Chem. 
Soc 1889, 21 , 434; Couturier, Ann. Chim ., 1892, 26 , 480; Kon- 
dakov, J. pr. Chem 1900, 62 , 166; Courtot, Bull. Soc. chim., 
1906, 35, 969). The completion of our study of this process syn- 
chronised with the publication of further work on the subject by 
Macallum and Whitby (Trans. Roy. Soc. Canada , 1928, III, 22 , 33), 
to whom we are indebted for an early copy of their memoir. 

Py-Dimethylbutadiene, when brominated at a low temperature, 
readily yields a mixture of dibromides. The main constituent. is a 
solid terminal dibromide, CH^Br'CMe'CMe-CHgBr, m. p. 47 p 
(Kondakov, loc. cit. ; Macallum and Whitby, loc. cit. ; p. 520 below), 
but the nature of the residual liquid product has not been determined. 
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Assuming that the liquid, like the solid, is an aS- compound, Macallum 
and Whitby attempted to detennine which is the cis- and which the 
trans-iovm by causing reaction with diethylamine. The results were 
anomalous and the authors state that the explanation may be that 
the liquid dibromide is a mixture rather than a chemical individual. 

The liquid dibromide cannot be freed from the dissolved solid 
form by repeated freezing and filtration (with or without a solvent) ; 
the freezing point of the residual liquid, however, rises considerably 
and the density diminishes. A close estimate of the composition 
of the dibromide mixture has consequently not been possible. The 
solid form is certainly produced originally to the extent of more 
than 80% of the total yield, and it gives, on heating at 100°, a liquid 
which is in no respect distinguishable (this applies to general properties 
and behaviour on oxidation and distillation) from that obtained by 
direct bromination. This liquid, after being freed as far as possible 
from the solid form, represents about 18% of the bromide taken. 

The reverse change, liquid >- solid, can be brought about by 

heating for a short time at 100°; we have not thus succeeded in 
obtaining so high a yield as 80% of the solid form, but estimation 
has been difficult with the comparatively &nall quantities of purified 
material available. The use of quinoline perbromide as a brominat- 
ing agent causes a considerable diminution in the proportion of solid 
bromide separable from the product but offers practical difficulties 
in large-scale preparations. 

Macallum and Whitby state that both liquid and solid dibromides 
distil at 105 — 110°/18*5 mm. We have found, by repeated tests 
with the “ frozen out 55 liquid, that distillation begins at 101° and 
continues to 105° at 15 mm. (the solid distils at 103—105° with 
some change to the liquid form); the character of the fractions 
collected over 1° ranges indicates that the solid form (already present 
or formed during distillation) progressively volatilises in the vapour 
of the liquid form. . Nevertheless, the difference in boiling point 
of the tt^o substances is much smaller than that of the corresponding 
butadiene derivatives. 

Long-continued degradation experiments have failed to demon- 
strate that the liquid form i is the a jB- dibromide. In all our 
oxidations, as was to be expected, degradation products from the 
solid dibromide appeared. Otherwise the products from the two 
dibromides differed considerably. Ozonolysis of ap-hydrocarbon 
dibromides has rarely been satisfactory in our hands ; gross decom- 
position, involving loss of hydrogen bromide, usually occurs during 
hydrolysis of the ozonide, and, in this instance, although the presence 
of formaldehyde and of a bromo-ketone other than bromoacetone 
could be detected amongst the non-resihous products, the expected 
t ' 
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ketone CHg-CO-CMeBrCHgBr (or its debromination product, methyl 
isopropenyl ketone) could not be recognised. Nevertheless, in view 
of the fact that ozonolysis of the solid dibromide readily gives 
bromoacetone in more than 80% of the theoretical yield, the differ- 
ence in behaviour of the two isomerides on oxidation is hardly to -be 
reconciled with a differentiation of merely cis-tratis- nature. There 
remains for consideration the possibility that the liquid portion of 
the bromination product is a mixture of two liquid, dibromides, 
namely, the ap- and the c£s-a8-compound. No adequate ground for 
considering this to be the case has been encountered, yet statements 
or suggestions to the effect that the cis- aS-dibromide is the principal 
constituent of the bromination product are exceedingly difficult to 
prove or disprove : it is very doubtful if any constitutional signi- 
ficance is to be attached to the double decomposition reactions 
(Braun, Ber 1922, 55, 3536; Macallum and Whitby, loc. cit.) of 
substances so mobile as those under consideration. 

In this series of papers, the addition of bromine to bexatriene, 
butadiene, cycJopentadiene, cycZohexadiene, and three of the five 
dimethylbutadienes has been discussed. Amongst these instances 
the isomerising capacity of dibromide forms is widespread : yet with 
fair certainty in the case of aS-dimethylbutadiene and with a high 
degree of probability in the case of ay-dhnethylbutadiene it has been 
shown that the bromination product is entirely non-mobile ; more- 
over, in neither of the latter instances has it been possible in a large 
number of experiments (free bromine being the addendum) to 
alter recognisably the composition of the bromination mixture. It 
seems unlikely, therefore, that experimental conditions leading to 
the production of only aS- (y8-) forms could be obtained in these 
instances, and, that being so, the general possibility in this direction 
disappears. Of the hydrocarbons mentioned above, only cydo- 
hexadiene (J., 1929, 172) has been considered to suffer complete 
a ft-dibrom i n ation, and in determining the orientation of its di- 
bromides importance has been attached to the great contrast 
between the oxidisahility and extent of degradation of the dibromo- 
glycols from original and from derived forms. It is now clear that 
there is quite a considerable, although less marked, difference in 
oxidisability of the isomeric dibromoglycols from aS-forms (the 
carbon atoms carrying brom in e are not here, however, oxidised to 
carboxyl) and to this extent the evidence formerly relied on is 
weakened. An attempt is being made to improve the oxidative- 
technique employed in the degradation of dibromoglycols, and it is 
hoped later to supplement the evidence already brought forward 
in connexion with the constitution of the cycfchexadiene addition, 
products. 
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Experimental. 

aS-Dimethylbutadiene (A^-hexadiene) was prepared by the 
catalytic dehydration of ethylpropenylcarbinol (Kyriakides, J.Amer. 
Chem. Soc 1914, 36, 994). The hydrocarbon, after being thoroughly 
washed and dried, was fractionated over sodium, thei portion of 
b. p. 80 — 82° being used. This preparation gave a quantitative 
yield of 3 : 6-dimethyl- A 4 -tetrahydrophthalic anhydride, m. p. 92°, 
with maleic anhydride (Found: C, 66*7; H, 6*65. Calc, for 
Ci 0 Hi 2 O 3 : C, 66*7 ; H,. 6*7%). Diels and Alder [loc. tit., p. 102) 
give the m. p. as 95 — 96°. 

Bromination . This was carried out under conditions similar to 
those previously described (Farmer and Scott, - J., 1929, 172).; The 
dibrominatioh product, after removal of the solvent (both hexane 
and chloroform were used), was an almost colourless oil (Found : Br, 
65*8. C 6 H I0 Br 2 requires Br, 66-1%). It had d l f 1*621 and 
1*536 immediately after isolation, and almost the same values after 
it had been (a) slowly distilled or (6) kept at room temperature for 
several days. On distillation the crude dibromide in the different 
preparations yielded only insignificant quantities of low-boiling 
material. The distillate was always a colourless oil (b. p. 85°/ll mm., 
1*622, 1*534. Found: Br, 66*2%) which appeared to be 

homogeneous (Duden and Lemme, loc. tit, also give b. p. 85°/ll 
mm.). Distilled and undistilled specimens of the substance were 
repeatedly submitted to oxidation with permanganate and with 
ozone (see below) in order to detect admixed isomeric dibromides, 
if such were present. The failure to find even small amounts of 
the degradation products of the latter, and the complete absence of 
any detectable tendency to partial isomerisation as revealed by 
changing physical constants, point to the fact that the addition 
product is pure $z-dibromo-A?-hexene. 

Unless the bromination was carried out in very dilute solution, 
there was a tendency towards the production of tetrabromides. 

Oxidation of pt-Dibromo-A? -hexene . — The oxidation with neutral 
permanganate at 0° was carried out essentially as previously 
described (Farmer and Scott, JV, 1929, 172). Since no difference 
could be detected between the oxidation products of distilled and 
of undis tilled specimens of the dibromide, only typical experiments 
are here included. In these, 20 g. portions of the dibromide, 
dissolved in acetone, were supplied with (a) 1 atom and (b) 4 atoms 
of oxygen per molecule. 

(a) On removal of the acetone from the filtered oxidation liquor 
in a current of air, a semi-solid mixture separated containing 
unchanged dibromide. This was combined with a small residue 
from the acetone washings of the manganese mud. The solid 
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portion of the mixture was removed, and the filtrate thoroughly 
extracted with water; the residue was unchanged dibromide. The 
aqueous liquor, together with the cold aqueous extract of the 
manganese mud, yielded, on extraction with pure ether, a syrup 
from which crystals of the solid material separated. This solid, 
which crystallised from petroleum in colourless prisms, m. p. 95°, 
was fc-dibromohezane-y&-durt and was doubtless identical with the 
dibroxnohexanediol of Duden and Lemme, for which no m. p. is 
recorded (Found : Br, 58*0. 0 6 H 12 0 2 Br 2 requires Br, 58*0%). 
On further oxidation with permanganate it was converted into 
a - bromopropionic acid, mixed with some lactic acid, and finally 
into pyruvic acid (phenylhydrazone, m. p. 191° ; mixed m. p. with 
authentic specimen, 191°) ; with aqueous chromic acid it gave a 
75% yield of crystalline a- bromopropionic acid (Found : Br, 52* 4; 
equiv., 153. Calc. : Br, 52*3% : equiv., 153). 

The water-soluble syrup accompanying the solid dibromo* 
hexanediol, when freed as thoroughly as possible from the latter, 
amounted to 5—10% of the total oxidation products isolated. 
Although it differed considerably from the solid dibromoglycol in 
its greatly inferior stability towards permanganate and towards 
heat, it appeared to be a stereoisomeride (or mixture of stereo- 
isomerides) of pe-dibromohexane-yS-diol (Found : Br, 58*4%). 
When it was heated under reduced pressure, decomposition took 
place, giving dehydrobromination products which appeared to be 
partly of cyclic-oxide and partly of ethylenic type (the main portion, 
h. p. 115— 125°/1 mm., corresponded closely in bromine content 
to the formula C 6 H 11 0 2 Br); the highest fraction (about 1/3 of the 
whole), however, consisted of the solid dibromoglycol, which appeared 
to have been formed by isomerisation during heating. The liquid 
dibromoglycol was obtained in reasonably pure condition only at a 
late stage in the experiments and the amount of material accumulated 
was insufficient for making trustworthy observations as to its 
oxidation products. The aqueous liquors, when acidified and 
extracted with ether, yielded a small quantity of acidic, liquid. 
This was fractionated and consisted mainly of a-bromopropionic 
acid ; pyruvic acid was present in the very small, low-boiling 
fraction. 

(b) In effecting more complete oxidation of distilled and of 
undistilled specimens of the dibromide it was desired to search for 
ap-dibromobutyric and x-bromocrotonic acids, the acidic fission 
products of an aP-dibromide (acetic acid, the complementary fission 
product, if detected, could have arisen from the acetone used as 
solvent). The acid product, when carefully fractionated, was found 
to consist mainly of x-bromopropionic acid, mixed with lactic acid 
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and a little pyruvic acid — this mixture gave excellent yields of 
pyruvic acid on further oxidation — but a(3-dibromobutyric or 
a-bromocrotonic acid could not be found. 

The absence of any significant quantity of an a g- dibromide 
followed, however, more convincingly from the result of parallel 
ozonisation experiments. In all these experiments the decom- 
position of the ozonide by water was carried out at the lowest 
effective temperature while carbon dioxide was passed through the 
apparatus to sweep out any acetaldehyde, or other volatile product 
that might have been formed. Immediately the decomposition 
was complete the cold aqueous reaction product was treated with 
30% hydrogen peroxide and kept for 12 hours (isolation of the 
brominated products as aldehydes was not possible owing to their 
facile polymerisation). In no experiment could a trace of acet- 
aldehyde, or indeed any highly volatile product, be detected ; 
similarly, none of the degradation products to be expected from 
an a |3- dibromide could be separated or derived from the acidic 
reaction product. 

(xfy-Dimetkylbutadiene ($-M ethyl- &P s -pentadiene ). — The hydro- 
carbon (see p. 511), after being thoroughly washed with water and 
fractionated over sodium, boiled at 75-8 — 76-0°. It gave a quanti- 
tative yield of the maleic anhydride addition compound. 

Bromination . Both hexane and chloroform were used as solvents 
during bromine addition, but no difference could be detected in the 
products. The undistilled dibromide, df**° 1*624, was an almost 
colourless oil (Found : Br, 66*1. C 6 H 10 Br 2 requires Br, 66-1%). 

On distillation the dibromide decomposed to an extent which 
varied in different experiments. Fractions were collected, as 
shown below, some carbonised residue always remaining in the 
flask. 

B. p. at 22 mm. Proportion (%) 

70— 86° 3— 7 

86— 96 6—11 

96—104 50—80 

104—115 10—15 

The bromine content showed that, although more than half the 
distilled material consisted of dibromide, a considerable portion had 
lost hydrogen bromide. At each subsequent redistillation of the 
dibromide fraction (b. p. 101 — 103°/22 mm.) a partly carbonised 
residue and a low-boiling fraction (below 80° /22 mm.) were again 
obtained, the yield of the latter depending to some extent on the 
rate of distillation; Bedistfllation of the low-boiling portions yielded 
a. colourless oil, b. p. 60 — 62°/22 mm.* which was apparently an 
almost pure bromo-a3-dimethylbutadiene (Found : Br, 51T. 


Bromine content (%). 
52*8 
61*2 
66-0 
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CgB^Br requires Br, 49*6%). As a result of the observations here 
recorded, the original dibromination product is regarded as pure 
or only slightly impure ^z-dibrmno-^-Tmihyl-^-periteTie. 

OxidaMon of &-Dibro7w-§-m€thyl-^-pe,rtie7ie . — Here also, repeated 
experiments disclosed no constitutional difference between freshly 
prepared, undis tilled specimens, and the dibromide fraction of 
b. p. 101 — 10 B°/22 m m. ; accordingly, in the following account of 
oxidation by (a) ozone and (b) neutral permanganate, the nature of 
the specimen is not indicated. 

(a) The dibromide, dissolved in chloroform, was submitted to 
ozonisation for 24 hours. The crude ozonide obtained on removal 
of the chloroform was decomposed by gentle warming with water 
and the decomposition products were extracted: with pure ether. 
The extract was washed with sodium bicarbonate solution, and the 
ether removed. The residue on distillation yielded the fractions 
(i) b. p. 50—60°, (ii) b. p. 60— 95°, and (iii) b. p. 95—115° at 22 mm. 
Of these, the first consisted almost wholly of bromoacetone (Found : 
Br, 56*2. Calc, for C 3 H 5 OBr : Br, 58*4%. Semicarbazone, m. p. 
143° ; mixed m. p. with authentic specimen, 143°) and the last 
consisted partly of unchanged dibromide. As oc-bromoprop- 
aldehyde, the fission product complementary to bromoacetone, is 
destroyed by distillation, it was necessary to isolate it as the corre- 
sponding acid. Accordingly in another experiment the aqueous 
liquor containing the decomposed ozonide was allowed to stand with 
hydrogen peroxide. The product, after the neutral material had 
been removed in ether, was acidified and thoroughly extracted. 
The dried extract yielded an acidic liquid, from which fractions of 
b. p. 90— lG5°/757 mm. (40— 100°/22 mm.) and lOO— 120°/22 mm. 
were obtained ; the former satisfied no test for formic acid or acetic 
acid, and the latter, consisting of somewhat impure bromopropiomc 
acid, was readily converted successively into sodium lactate and 
pyruvic acid (phenylhydrazone, m. p. 191°; mixed m. p. with an 
authentic specimen, 191°). It was thus established that both 
fission products of an dibromide were produced in considerable 
amounts ; it remained to search for fission products of an a(3- and 
of a y8-dibromide. Since little success attended the manipulation 
or attempted isolation of the non-volatile brominated aldehydes and 
the acids derived therefrom by gentle oxidation, effort was especially 
directed to the recognition of even traces of formaldehyde (from an 
ap-dibromide) or of acetaldehyde (from a yS- dibromide). The 
vapours generated during the hydrolysis of ozonide specimens were 
therefore swept by a stream of carbon dioxide into water and into 
a n alcoholic solution of {3-naphthoI. In the many experiments 
carried out, the formation of neither formaldehyde nor acetaldehyde 
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could be detected by odour, by the formation of a (3-naphthol 
derivative, or. by other tests. 

(6) The oxidation of the dibromide by neutral permanganate at 
0° (1 atom of oxygen per molecule of dibromide) was carried out in 
acetone solution in the usual way. After removal of the manganese 
mud and acetone, the aqueous oxidation liquid deposited a solid 
and an oily liquid. The former was a solid dibromoglycol, which 
crystallised from petroleum in colourless prisms, m. p. 94 — 95° 
(Found : Br, 58*0. C 6 H 12 0 2 Br 2 requires Br, 58*0%) ; the latter 
contained bromoaeetone (semicarbazone, m. p. 143°) and unchanged 
dibromide, both of which were readily separated, but the remaining 
brominated material decomposed on attempted. distillation at 1 m m . 
pressure. ' The solid dibromoglycol was fiz-dibromo-S-metkylpmiane- 
yB-diol. When gently oxidised with aqueous chromic acid, it 
yielded an oil, the neutral portion of which was bromoaeetone and 
the acidic portion was converted into pyruvic acid by hydrolysis 
and subsequent oxidation with permanganate. Since the solid 
dibromoglycol was obtained in much smaller yield than the corre- 
sponding compound from aS-dimethylbutadiene, attempts were made 
to isolate a second isomeric compound. The oxidation products, 
however, proved too intractable for success in this direction, and 
attempts to demonstrate by permanganate oxidation anything beyond 
the fact that a considerable proportion of the dibromide suffered 
decomposition into the appropriate products proved unprofitable. 

Qy-Dirnethylbictadiene. — The hydrocarbon was prepared from 
pinacol by the method of Kyriakides .(/. Amer. Ckem. Soc., 1914, 
36, 987). It was very thoroughly washed, dried, and fractionated ; 
after a final distillation over sodium, it boiled at 69*5 — 70°/76o mm. 
Yield, 60%. 

Bromination . The addition of bromine was carried out in 
chloroform, carbon disulphide, purified petroleum, ether, and 
hexane, at —15°. Bemoval of the solvent under reduced pressure 
yielded a pale yellow semi-solid mass, from which liquid and solid 
components were separated by mixing it with light petroleum and 
freezing out the solid : this was so excessively soluble in the liquid 
bromide that after six freezings and filtrations only an indifferently 
good separation was effected. Working without a solvent, or with 
other solvents, gave even less satisfactory results. The total yield 
of solid separated was slightly more than 80% of the bromination 
product. All operations with the bromides were carried out in front 
of a powerful suction fan on account of their lachrymatory nature* 

The solid portion of idle bromination product . This consisted 
entirely of the a8-dibromo-£y-dimethybA0-butene (colourless 
needles, m. p. 47°. Found : Br, 66^5. Calc. : Br, 664%) described 
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by Kondakov {loc. tit.). Concerning its easy and very extensive 
degradation to bromoacetone by permanganate oxidation and by 
ozonolysis, our results agreed entirely "with those of Kondakov and 
of Maeallum and Whitby (loc. tit.). 

When heated at 100° for .1 hour, the solid dibroinide suffered 
partial conversion into a liquid. This liquid, freed as thoroughly 
as possible from unchanged solid, amounted to about 18% of the 
total — a proportion that could not be increased by prolonging the 
period of heating (decomposition became serious on long heating). 
It had invariably the correct bromine content and showed no 
appreciable difference from the directly obtained liquid dibromide 
when submitted to most of the operations and reactions employed 
in the examination of the latter. The change produced by heating 
took place to some extent during distillation, causing the pure 
substance to boil over a range (103 — 10 5°/15 mm.) ; the distillate 
yielded a small proportion of oily dibromide. 

The liquid portion of the bromination product. When strongly 
cooled, the liquid product solidified to a hard crystalline mass; 
this rapidly liquefied when the temperature rose, leaving crystals 
of the solid form temporarily undissolved. It distilled completely 
between 101° and 105° at 15 mm., the fractions collected at 1° 
intervals freezing with different degrees of ease. Attempts were 
made, by distilling a considerable quantity of the liquid dibroinide, 
to isolate a pure compound, but none of the fractions appeared to be 
free from the solid dibromide : indeed, distillation gave no better 
separation than filtration and resulted in considerable loss of liquid 
material by isomerisation. Such isomerisation was readily effected 
by heating the liquid compound at 100° for a few minutes ; after 
dilution and cooling, the solid compound could be filtered off. 

Ozonolysis of the Liquid Bromination Product.— The liquid, dis- 
solved in chloroform and cooled in an ice-salt mixture, was ozonised 
for 8 hours. The ozonide decomposed very slowly when gently 
heated with water, giving a large quantity of resinous material. 
The aqueous liquor, in which formaldehyde could be detected, was 
submitted to steam distillation ; the volatile degradation products 
were, extracted with ether and fractionated. The distillate com- 
prised (i) bromoacetone, b. p. 45 — 50°/16 mm. (semicarbazone, 
m. p. 143°; Found : Br, 58*6. Calc. : Br, 58*4%); (ii) a bromine- 
containing mobile liquid, b. p. 50— 55°/ 16 mm., which yielded a 
crystalline precipitate with semicarhazide, the precipitate being 
halogen-free and giving a red colour with ferric chloride ; (iii) a small 
amount of a mobile bromine-containing liquid, b. p. 55 — 90°/16 mm. ; 
and (iv) a viscous high-boiling fraction which contained some 
unchanged dibromide but consisted mainly of polymerised material. 
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The liquid produced by heating the solid dibromide gave exactly 
similar products, but in neither case was it possible to isolate pure 
substances directly or indirectly from the distillate. 

Permanganate Oxidation of the Liquid Bromination Product . — 
The bromine, in 15 — 20 g. portions, was suspended in water (or 
dissolved in acetone) and oxidised with neutral permanganate at 0° 
(1 atom of oxygen per molecule). The product, worked up in the 
usual way and freed from traces of acidic matter, was a liquid which 
yielded on distillation the fractions : (i) bromoacetone, b. p. 45— 
50°/15 mm. ; (ii) and (iii) mobile bromine-containing liquids (partly 
at least ketonic) similar to the corresponding fractions of the 
ozonolysis product ; (iv) a mobile liquid, b. p. 93°/16 mm., obtained 
in considerable yield and evidently derived from a dibromoglycol 
by loss of hydrogen bromide (Found : C, 35-5 ; H, 5-8 ; Br, 40*4. 
C«H u 0 2 Br requires C, 36*9; H, 5*6; Br, 41*0%); (v) a viscous 
liquid, b. p. 120°/16 mm., apparently derived from a dibromoglycol 
by loss of hydrogen bromide (Found : C, 33*2; H, 4*9; Br, 45*4%); 
(vi) a small quantity of a solid dibromoglycol, b. p. 148°/16 mm., 
which crystallised from petroleum in colourless prisms, m. p. 93° 
(Found : Br, 57*5. 0 6 H 12 0 2 Br 2 requires Br, 57*2%). Since this 
was further oxidisable to bromoacetone, it was a$-dibromo-$y- 
dihydroxy-$y-dimethylbutane. The liquid obtained by heating the 
solid dibromide yielded similar oxidation products. 

For comparison, the solid dibromide was likewise oxidised with 
permanganate, only 1 atom of oxygen per molecule being used. 
There were obtained : (i) bromoacetone; (ii) a small amount of 
viscous liquid, b, p. about 120°/15 mm., which from its nature and 
composition appeared to be somewhat impure dibromoglycol; 
(iii) a large amount of the solid dibromoglycol, m, p. 93°, described 
above. Thus, whereas the solid dibromide yielded two dibromo- 
glycols and some bromoacetone, the liquid yielded (in addition to 
a minor proportion of the same products) a very considerable 
proportion of other products, including dihydroxylated compounds 
which had lost hydrogen bromide. The difference between the 
oxidation products of the two dibromides was maintained from 
experiment to experiment; but since permanganate oxidation 
appeared quite unlikely to furnish conclusive evidence of the con- 
stitution of the liquid dibromide, experiments were discontinued. 

The authors desire to express to the Chemical Society their thanks 
for a grant (to W. D. S.) which has defrayed a portion of the cost of 
the investigation. 

Xmp&rlal Coxjuege or Science and Technology, 

London, S.W. 7. * [Received, December 1 lth, 1929 J 
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LXXIV . — Properties of Conjugated Compounds. Part 
IX. The Formation of Bimolecular Reduction 
Products of Butadiene Acids. 

By C harle s Muxs Cawley, John Trevor Evans, and Ernest 
Harold Farmer. 

Evans and Farmer (J., 2028, 1644) have shown that the addition 
of hydrogen to conjugated carbon compounds is not invariably 
terminal, thus taking the first step towards bringing hydrogen into 
line with other common addenda. It has now been found that the 
presence of alkyl groups at different positions in the butadiene chain 
of P-vinylacrylie acid seems to affect the relative extents to which 
ap- and a$- dihvdrogen derivatives are produced : the crudeness of 
the method of estimating the proportion of the a p- acid * (Evans 
and Farmer, loc. cit.), however, prevents any confident application 
of the results to quantitative discrimination between alkylation 
effects. It has also been found in experiments with different types 
of butadiene compound, hydrogenated by the action of different 
metals, media, etc., that the formation of hydrogenated bimolecular 
compounds is so common that it must be considered a normal 
feature of reduction. Since the bimolecular compounds are fre- 
quently formed side by side with the simple dihydrogen derivatives, 
their theoretical significance cannot be neglected in a consideration 
of the mechanism of hydrogen addition. 

It has been shown that linkage of monohydrogenated molecules 
may occur at the p-carbon atom of the butadiene chain. Corre 
spending linkage of reactant molecules might be expected also to 
be possible at the or the ^-carbon atom and the principle entailed 
would merely represent an extension of that underlying the formation 
of pinaeols and the bimolecular reduction products of mesityl 
oxide, ethyl a-cyano- pS-dimethylacrylate, etc. 

Crotylideneacetone and ethyl crotylidenemalonate were the first 
instances discovered in which there was a definite departure from 
the rule respecting terminal hydrogen addition. The reduction 
products from the former of these have already been described, but 
the constitutions attributed at the same time to those from the 

* The method presents two unsatisfactory features : (1) The acid mixture 
must be fractionated so thoroughly that no unreduced acid is left behind. 
It is well-nigh impossible to do this without sacrificing a portion of the dis- 
tillate and so running the risk of changing the proportion of the isomerides. 
(2) In addition to the expected acids the permanganate oxidation product 
yields syrupy residues which survive re-oxidation processes. These are per- 
sistently obtained from the alkylsorbie acids. 
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latter proved so difficult of establishment that an account of the 
reduction is only now possible . 

The unimolecular hydrogenation products from ethyl crotylidene- 
malonate appear in quite insignificant quantity when aluminium 
amalgam is the reducing agent ; almost the entire product consists 
of a mixture of two isomeric bimolecular esters , one of which is a 
solid. It was expected that each of these substances would be 
correctly represented by one or other of the formulae (I) and (II). 


CHMelCH^H-CH^ CHMe*CH:CH-CHX a 
CHMe:CH-CH-CHX 2 CHMe-CH;CH-CHX 2 
(i.) (id 2 

(X = COgEt) 


MeCH' 


•/I 


CH 

Nch-chx 2 

CH-CHX a 
!H (in.) 


Although the composition of the substances corresponded with 
this expectation, it soon became obvious that both representations 
were incorrect. In the first place, both substances were so saturated 
that they were quite unaffected by permanganate at 20° or by 
ozone; in. the second place, both substances took up two, and only 
two, atoms of hydrogen in the presence of palladium, the hydrogen- 
ation being effected with difficulty. The first of these properties 
could conceivably be the result of steric hindrance, but the two in 
combination suggested at once the dicyclic constitution (III) for 
the original compounds (alternatively, but improbably, IV, for one 
or both) and the monocyclic constitution (V) for their fully reduced 
derivatives. It was remarkable that with one exception all the 



numerous derivatives prepared from the bimolecular compounds 
were liquids. 

In the detailed examination chief attention was paid to the solid 
compound. This substance absorbed 4 atoms of bromine per 
molecule to yield a tribromide and 6 atoms of bromine (the limit of 
absorption) to yield a ietrabromide. The bromination process was 
obviously one of combined substitution and addition so that the 
results corresponded with the formation of (VI) and (VII) from (III). 
The corresponding fully reduced ester absorbed, in accordance with 
formula (V), only 4 atoms of bromine per: molecule to yield a, di- 
bromide representable by (VIII). Attempts were made to oxidise 
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to carboxyl the bromomalonic groups in the compounds to which 
formulae (VII) and (V3H) apply, but oxidation always proceeded 
irregularly and failed to yield homogeneous products. 

CHBr CHg 

(VH) MeCH/^CH-CBrXa M^E/NpH-CBrXa (Ym .) 

MeCH\^/CH-CBrX 2 MeCH\/CH-CBrX 2 

CHBr GH 2 

(x = ccyst) 

The solid bimolecular ester, when hydrolysed with alkali, yielded 
a mix ture of unsaturated tetrabasic acids — liquid and solid ; these 
appeared from their behaviour with permanganate to be represent- 
able by (IX) and (X) respectively. The sodium salts of this acid 


CHa CH 

MeCpH^C-CHYa 

MeCH\yCH-CHY 2 MeCH\/CH-CHY 2 
CH 2 “ CH 2 

(IX.) (X.) 


ch 2 

Me9H/N,3H-CH 2 X 

MeCH'v/CH*CH 2 X 

CSn 

(XI.) 


(X = C0 2 Et ; Y = 00 2 H) 

mixture, when reduced eatalytically, yielded a somewhat impure 
tetrabasic acid, and this, by decarboxylation, a crude dibasic acid 
the ethyl ester of which agreed in composition with formula (XI). 
An apparently identical dibasic acid was obtained by hydrolysing 
and decarboxylating the fully reduced ester (Y). If the bimolecular 
esters were representable by formula (I) or (II), the corresponding 
saturated dibasic acid would be dipropyladipic or dimethylsuberic 
acid — acids almost certainly of highly crystalline character. 

Although the general behaviour of the solid bimolecular ester 
corresponded with the constitution (III), it was desired to gain 
direct evidence of the existence of an intermolecular bridge-bond at 
the 8-carbon atoms of the original butadiene chains. Since regulated 
oxidation was out of the question, various drastic oxidising agents 
were tried. With only one of these, hot chromic acid, was there 
success. This reagent broke down the solid ester to volatile acids 
and carbon dioxide to the extent of about 96%, but yielded a small 
quantity of s-dimethylsuceinie acid. This acid always appeared if 
the conditions of oxidation were not greatly changed, but the yield 
could not be increased. 

Most of the experiments carried out with the solid bimolecular 
ester were also repeated with the isomeric liquid ester. No essential 
difference in structure between the two compounds {such, for 
instance, as that holding between IG and IV) is adjudged to exist* 
Probably the two substances are geometrical isomerides, but con- 
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ditions for oxidising the liquid isomeride to dimethylsuccinic acid 
were not discovered : under moderately drastic conditions of oper- 
ation, complete degradation to volatile products ensued. 

In the formation of a “ para "-bridged cyclohexane derivative 
from ethyl crotylidenemalonate, the important features from the 
point of view of additive mechanism are doubtless the attachment 
of hydrogen at the a- carbon atoms and the union of the radicals so 
formed at the p-carbon atoms. The subsequent establishment of 
bonds between y- and ^-carbon atoms respectively may be regarded 
as involving an intramolecular variation of the truxillic acid con- 
densation. Therefore, so far as these examples are concerned, true 
attachment of hydrogenated radicals at the 8- carbon atoms remains 
to be sought. 

Ethyl crotylidenecyanoacetate (two forms) has also been reduced : 
the product consisted mainly of a bimolecular substance very similar 
in general properties to that from ethyl crotylidenemalonate. 
Owing to its high boiling point, however, adequate fractionation 
could not be carried out and detailed examination was abandoned. 

The simple butadiene acids which have been reduced — p -vinyl- 
acrylic, sorbic, a-methylsorbic, and Py-dimethylsorbic acids — all 
give considerable yields of high-boiling products which are un- 
doubtedly bimolecular compounds; cinnamylideneacetic acid also 
gives an intractable acid mixture very different from the dihydro- 
genated product obtainable with sodium amalgam. It is hoped 
later to report in detail on some of these substances. 

It might be supposed that constitutive influences in the conjugated 
compound would determine or seriously affect the formation of 
bimolecular reduction products as well as that of simple aj3- and 
aS-dihydrogen derivatives. Actually, however, the character of 
the metal and medium employed in reduction appears to exercise a 
more important influence. Evans and Farmer looked for a differ- 
ence in the proportion of a(3- and aS- dihydrogen derivatives of sorbic 
and p-vinylacrylie acids to be obtained by using different metals, 
and media of different acidity (alkalinity), but since the experimental 
figure for the ap-acid in each case could only be regarded as a lower 
limit of production, no definite conclusion was possible. Shortly 
afterwards, however, the appearance of Willstatter, Seitz, and 
Bumm’s paper on the reduction of terephthalic, A 1:3 -dihydro- 
terephthalic and A 2 -tetrahydroterephthalie acids {Ber., 1928, 61 , 
871) made plain that the character of the reduction product from 
the first of these is determined by the hydrogen-ion concentration 
of the medium and that with pure sodium amalgam, under care-, 
fully controlled conditions of alkalinity, the last of these may be 
reduced more readily than the corresponding A 1 -acid. Burton and 
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Ingold (J., 1928, 904) liave now recorded figures representing the 
comparative extents to which the a 3-dihydrogen derivatives of 
sorbic and vinylacrylic acids are formed by sodium in* a weakly 
alkaline and in a weakly acidic medium, but the effect of different 
metals remains undetermined. From such comparative experi- 
ments as have been made by the authors, aluminium amalgam in 
an aqueous medium appears specially prone to yield bimoleeular 
compounds and all the compounds referred to above can be obtained 
through its agency. Since a similar state of affairs holds in the 
reduction of ethylenic acids and ketones by metals, the attribution 
of reductive polymerisation to a primarily constitutive cause would 
appear to be ruled out, and consequently the a£, Py-ratio of simple 
dihydrogenated molecules (primarily dependent on constitution so 
far as experiments have yet shown) would seem in all probability to 
be unaffected by the concurrent formation of bimoleeular compounds. 

. The hydrogenation mechanism suggested by Ingold in discussing 
the results of Evans and Farmer (Chem. and Bid., 1928, 47, 268) 
would allow for this probability, but the theoretical basis of the 
hydrogenation hypothesis subsequently developed (Burton and 
Ingold, J., 1928, 904; 1929, 2022) appears insufficiently broad to 
cover WiHstatter, Seitz, and Bumm’s result with A 2 -tetrahydro- 
terephthalie acid. (It should he stated, however, that attempts by 
one of the authors to reduce in similar fashion A^-dihydromuconic 
acid have so far been unsuccessful.) 

Experimental. 

Reduction of Ethyl Croiyl idenemalonate . — A moist ethereal solu- 
tion of the ester (prepared by the method of Meerwein, Anncden , 
1908, 358 , 82) was allowed to react with amalgamated aluminium 
foil for 36 hours. The reduction product was an oil which partly 
solidified when strongly cooled. The solid portion crystallised from 
petroleum in stout prisms, m. p. 61*5° (Found : C, 61*8; H, 8-1. 
CyS^Og requires C, 62*0; H, 8*0%), and the liquid distilled as a 
colourless oil, b. p. 235— 240°/14 mm. (Found : C, 61*5; H, 7*8%). 
These two substances, considered to be isomeric forms of ethyl 
1 : 2-dimethylbicYclohexane~4 : : 5-dimalonate (ethyl butane - 2 : 3 TT * : 2. 
eyelo6tifeme-3 : 4-dimalonate) (HI), represented the whole, of the 
reduction product save a very small proportion of low-boiling 
material. The yield of the solid product was always about 15%. 

Investigation of the Low-boiling Reduction Product . — This material, 
accumulated from a series of reductions, was not homogeneous. 
After several distillations a few grams of liquid, b. p. 133 — 140°/18 
mm., were separated, the first fraction being rejected. Specimens 
bf ting substance were oxidised with neutral permanganate in order 
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to find if simple aQ- and a8- dihydrogen derivatives of ethyl crotyl- 
idenemalonate were present. Some of the material appeared to be 
saturated, since considerably less than the calculated quantity of 
permanganate was reduced. The product, which contained no 
recognisable trace of succinic acid, consisted of a volatile acid and 
a little oxalic acid. The former, treated with p-bromophenaeyl 
bromide, yielded a solid derivative, which was fractionally crystal- 
lised. The p-bromophenacyl derivative of acetic acid, m. p. 82 — 
-83°, was thus isolated, but the corresponding derivative of propionic 
acid, which appeared also to be present, could not be separated in 
pure form. Ozonisation experiments yielded no further information. 

Unsaturaiion of the Main Reduction Products . — Both the solid 
and the liquid substance which constituted the main reduction 
product remained inappreciably attacked when vigorously shaken 
with aqueous permanganate at room temperature or when kept in 
acetone solution in contact with permanganate for several days. 
.Both substances appeared to be little changed by prolonged treat- 
ment with ozone, and, even when boiled with permanganate in 
acetone solution, suffered change extremely slowly. Regulated 
oxidation was therefore impossible. 

Nevertheless, both esters became further hydrogenated when 
dissolved in alcohol and shaken with hydrogen in the presence of 
colloidal palladium. Absorption of hydrogen was at first moderately 
rapid, but the rate decreased until it was barely 1 c.c. per hour. 
The hydrogen pressure was increased to 2 atmospheres, but still the 
rate of absorption was very slow. When absorption finally ceased, 
both esters had taken up the equivalent of two atoms of hydrogen 
per molecule. Both products, when isolated in the usual way, were 
colourless oils ; that from the solid ester distilled at 225 — 230°/7 
mm. and corresponded in composition with ethyl 1 : 2~dimethyl- 
cyclohexane-4; : 5-dimalonate (V) {Found : 0, 6T8 ; H, 8*6. C 22 H 36 0 8 
^requires C, 61*7 ; H, 8*5%) ; that from the liquid ester distilled at 
217 — 223°/13 mm. and was isomeric with the first (Found : C, 61*8 ; 
H, 8*2%). , 

The Diq/clic Reduction Products, — -(1) Hydrolysis. The solid 
compound (1 mol.) was warmed with alcoholic caustic soda derived 
from the calculated quantity of sodium (4 atoms). The sodium salt 
immediately deposited was collected and dissolved in a little water, 
and the solution evaporated to dryness. The residue, acidified with 
the calculated quantity of hydrochloric acid and diluted with an 
equal volume of water, yielded crystals, of an acid. These were 
filtered off and the: mother-liquor was thoroughly extracted with 
ether. The ethereal extract yielded a syrupy acid. Some de- 
carboxylation accompanied hydrolysis. 
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The solid acid (35% yield), when reprecipitated from ethereal 
solution by addition of petroleum, formed a crystalline powder, 
m. p. I75 c with evolution of carbon dioxide. It was an unsaturated 
tetrabasic acid, which at 0° rapidly decolorised an amount of 
permanganate equivalent to 3 atoms of oxygen per molecule (more 
could be reduced slowly). The oxidation product was an enolie 
syrupy acid of doubtful homogeneity which could not be purified or 
successfully broken down to known compounds. The solid acid is 
probably to be represented as 1 : 2dimethyl-& 5 -cyclohexeneA : 5- 
dirmlonic acid (X) (Found : C, 53*5 ; H, 6*0. C 14 H 18 O s requires 
0,53*5: H, 5*7%). 

The liquid acid did not consist entirely of a tetrabasic substance. 
It readily lost carbon dioxide on heating, rapidly reduced cold 
permanganate (3 atoms of oxygen per molecule), and yielded an 
oxidation product somewhat similar to that derived from the solid 
, acid, except that a proportion of oxalic acid was also formed. It 
probably represented a mixture of partly decarboxylated dimethyl- 
ci/clohexene- and dimethylcycZohexylidene-dimalonic acids. 

The liquid ester also yielded a bulky sodium salt when warmed 
with alcoholic caustic soda. The acid derived therefrom was wholly 
syrupy and could not be purified. On oxidation with permanganate 
the latter yielded some oxalic acid and a large proportion of syrupy 
acid. Numerous attempts were made to obtain solid or homogeneous 
liquid acids (a) by the decarboxylation of the tetrabasic acids 
described above and (b) by the decarboxylation of their oxidation 
products. All the products, however, were liquid acids of doubtful 
homogeneity. 

(2) Brmmnation. The solid ester (chloroform solution), when 
treated with the equivalent of 4 atoms of bromine per molecule, 
yielded an oily £n&*amo-derivative (Found : Br, 36*6. C^H^OgBr^ 
requires Br, 36*1%), which solidified after long standing; when 
treated with the equivalent of 6 atoms of bromine, an oily tetra- 
bromide was obtained which would absorb no more bromine (Found : 
Br, 42-6. C^OeBr, requires Br, 43*0%). It was attempted 
to oxidise the bromomalonic groups of the tetrabromide to carboxyl 
by gradually adding finely powdered permanganate to an acetone 
solution of the bromide containing some free caustic alkali. Oxid- 
ation proceeded, but the product consisted of some oxalic acid and 
a large amount of $ viscous acid which would not crystallise. 

(3) Degradation. Since oxidising agents were almost without 
action on them, the dieyelic esters were subjected to vigorous 
oxidation with chromic acid. To the solid ester (10 g.), dissolved 
in glacial acetic acid (160 e.c,), a solution of chromic add (50 g.) in 
50% acetic acid (80 c,e.) was slowly added in small portions, the 
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mixture being continuously shaken and finally heated on a steam- 
bath for 1 homv The product, from which acetic acid was removed 
by steam distillation, was saturated with sulphur dioxide and 
kept over-night ; the excess of sulphur dioxide was then boiled off 
and the solution was made alkaline with concentrated aqueous 
a mm onia and filtered. The filtrate, combined with several aqueous 
extracts of the chromium oxide, was evaporated to small bulk, 
acidified, and finally evaporated to dryness. The residue, when 
extracted with ether, gave a small yield of a slightly syrupy, solid 
acid. This, when drained and recrystallised from ether, formed 
colourless prisms, m. p. 192 — 193°, which were identified as trans - 
g-dimethylsuccinic acid (Found : C,49*5; H, 6*9. Calc. : C, 49*3; 
H, 6*8%. Mixed m. p. with an authentic specimen, 192 — 193°). 

Similar experiments were carried out with the liquid dicyclic 
ester, but the conditions for getting even a small yield of a solid 
degradation product were not found. 

The Monocyclic Products of Complete Beduction. — (1) Hydrolysis 
and decarboxylation. In attempting to derive 1 : 2-dimethyl- 
cycZohexane-4 : 5-diacetic acid from the solid dicyclic ester, two 
methods were employed : (a) the catalytically reduced ester was 
hydrolysed with the theoretical quantity of alcoholic caustic soda, 
the derived acid being decarboxylated by heating at 180°, and (6) 
the dicyclic ester was hydrolysed with alcoholic caustic soda, the 
sodium salt catalytically reduced, and the derived acid decarboxyl- 
ated by heating to 180°. (Re -submission of the decarboxylated acid 
to hydrogenation resulted in no further absorption of hydrogen.) 
The crude reduced tetrabasie and dibasic acids obtained in both 
processes were liquids which showed no tendency to crystallise. 
No difference was observed between corresponding products and 
since the second process was the more economical, a considerable 
quantity of the dibasic acid was thereby prepared. This was 
esterified with alcohol and hydrogen chloride, and the product 
distilled. The distillate was a colourless oil, b. p. 179°/9 mm., 
which is considered to be ethyl 1 : 2-dimethylcyc\ohexaneA : 5- 
diacetate (Found: C, 67*45; H, 10*1. C 16 H2 8 0 4 requires G, 67*55; 
H, 9*9%). A portion of this ester was re-hydrolysed with alcoholic 
caustic soda. The free acid was a colourless oil which still showed 
no tendency to crystallise. Since it could not be distilled, it con- 
tamed traces of impurity (Found: M, dibasic, 237. C 12 H 20 O 4 
requires M, 228). 

(2) Bromination and oxidation . The fully reduced derivative of 
the solid dicyclic ester, dissolved in carbon disulphide, absorbed 
4 atoms of bromine per molecule (with evolution of hydrogen 
bromide). The product, ethyl 1 : 2-dimethyhyclohexaneA : 5-di- 
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bromodimakmate (VIII), when well washed and freed from solvent, 
was obtained as a yellow oil (Found : Br, 26*3. C^H^QgB^ 
requires Br, 27-3%). This was used without further purification 
in an attempt to oxidise the bromomalonic groups (bromine first 
being replaced by hydroxyl through the action of cold caustic potash) 
to carboxyl. Permanganate, dissolved in acetone, was the reagent 
employed, but oxidation did not proceed smoothly to yield the 
desired dimethylcycZohexaneaicarboxylic acid. As expected, oxalic 
acid was formed, but the accompanying gummy acid when esterified 
yielded an ester which was far from homogeneous. - 

Ethyl CroiylidemcyaTioacetate. — Crotonaldehyde and ethyl cyano- 
acetate, mixed in molecular proportion, were cooled to —15° and 
a little piperidine was added. The mixture was allowed, to attain 
room temperature and was then kept at 30° for 24 hours. There 
were two products : (I) a solid which crystallised from petroleum 
in colourless prisms, m. p. 57 — 58° (Found: C, 65*6; H, 6*7. 
C 9 H n 0 2 ]Sr requires C, 65-4; H, 6*7%), and (2) an isomeric liquid, 
b. p. 122°/9 mm, (Found : C, 65*8; H, 6*5%). 

The authors desire to express their thanks to the Chemical 
Society for grants (to G. M. C. and J. T. E.) which have defrayed a 
considerable portion of the cost of the investigation. 

Imperial College op Science & m > Technology, 

London, S.W. 7. [Received, February Uh 7 1930.] 


LXXV . — The Electrical Conductivities of Solutions of 
Tetraethylammonium Iodide in Benzonitrile. 

By Austin Raymond Mar tin. 

Walden has shown that the mobility of the tetraethylammonium 
ion is inversely proportional to the viscosity of the solvent. On 
the basis of this relationship and a knowledge of the equivalent 
conductivity at infinite dilution (A 0 ) of tetraethylammonium iodide 
in benzonitrile, certain ionic mobilities in this solvent may be 
determined from the conductivity measurements previously recorded 
(Marian, J., 1928, 3270). Walden's early measurements of the con- 
ductivities of solutions of tetraethylammonium iodide in benzonitrile 
(K physikal. Ghem., 1906, 54 , 189 ; 55 , 710; see also ce Elektro- 
chemie niehtwasseriger Losungen/ 1 1924, p. 135) are too erratic to 
give an unequivocal value of A 0 . Hence the present investigation 
was undertaken. The degree of dissociation of tetraethylammonium 
iodide in benzonitrile is also of interest. 
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Experimental. 

The apparatus and method used were the same as those described 
previously (Martin, loo . cit.). 

Te&rasthylammonium Iodide. — Kahlbaum’s product was recrys- 
tallised three times from redistilled absolute alcohol, powdered in 
an agate mortar, and dried by being heated electrically in a vacuum 
at 100° over phosphoric oxide, the drying agent remaining at room 
temperature (Found : I, 49*30. Calc. : I, 49*36%).. The mole- 
cular weight of tetraethylammonium iodide has been taken as 
257*13. 

Solvent Cor region. — In series a the specific conductivity of the 
pure solvent at 25° was 0*99 x 10~ 7 mho, and in series 6 0*38 X 10~ 7 
mho. The conductivity of the solvent was in all cases subtracted 
from the observed conductivity in order to obtain the conductivity 
due to the dissolved salt. In series a the largest correction was 
1*8% and in series b 0*5%. 

Results . 

The results of the conductivity measurements are given in Table I. . 
The dilution, in litres, is denoted by v , and A is the difference 
between the observed value of the equivalent conductivity (A) and 
the straight line obtained by plotting A against the square root of 
the concentration (Vc), a positive sign before A indicating that 
the observed point is above the straight line. 


Table I. 

Temp. 0 d . Temp. 25°. 


Series. 

V. 

A. 

A. Series. 


A. 

A. 

b 

98*95 

21*74 

. - • 

b 

101*10 

34*00 

— 

a 

100*20 

21*85 

— 

a 

102*38 

34*08 

— 

c_ 

115*50 

22*47 

— 

c 

118*02 

35*01 

— 

a 

506*9 

27*67 

-0*10 

a 

517*9 

43*53 

±0*00 

b 

758*5 

28*83 

±0-00 

b 

775*0 

45*27 

±0*00 

d 

2030 

30*82 

+0*09 

a 

2074 

48*32 

+0*01 

b 

3754 

31*42 

-0*07 

b 

3836 

49*53 

-0*04 

b 

7579 

32*15 

±0*00 

b 

7744 

50*62 

±0*00 

a 

9558 

32*32 

4-0*03 

a 

9766 

50*94 

+0*05 


Temp 

. 50°. 



Temp 

. 70°. 


b 

103*45 

47*15 

• — . 

b 

105*36 

58*15 



■a 

104-75 

47*29 

— - 

a 

106*69' 

58*37 

— , 

a 

529*9 

60*99 

±0*00 

a 

539*7 

75*83 

±0-00 

b 

793*0 

63*60 

±0*00 

b 

807*6 

79*06 

-0*09 

a 

2122 

68*33 

+0*12 

a 

2,161 

85*38 

+0*42? 

b 

3925 

70*01 

-0*12 

b 

3,997 

87*38 

±0*00 

b 

- 7924 

71*70 

±0*00 

b 

8,070 

89*39 

±0*00 

a 

9992 

71*9$ 

—0*14 

a 

10,178 

90*04 

+0*14 

The values of 

A at even dilutions 

are 

given in Table II. 

Inter- 


polation was carried out on a A— log c graph. 
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v. 0°. 
100 21*79 

200 24*73 

500 27*67 

1000 29*47 


A. 

25°. 50°. 

33*93 46*88 
38*29 52*95 
43*34 60*55 
46*22 64*88 


Table II. 


70°. ’ v. 

57*50 2,000 

65*57 5,000 

75*15 10,000 

80*65 


' 0°. 25°. 

30*73 48*22 
31*78 50*00 
32*36 50*92 


50°. 70°. 

67*97 84*73 
70*68 88*08 
72*14 89*88 


Extrapolation to A 0 . The square-root law was used to extrapolate 
to A 0 . Ferguson and Vogel’s method {Phil. Mag., 1925, 1, 971) 
gave values of the index n in the formula, A 0 — A -f ac n , which 
were so close to 0*5 (namely, 0*507, 0-502, 0-491, 0*500) that this 
equation led to practically the same values of A 0 as the square-root 
law. The values of A 0 are : 


Temp 0° 25° 50° 70° 

A* 33*71 53*13 75*47 94*12 


Discuss ion. 

Values of A 0 . — The values of the product of A 0 and the viscosity 
of the solvent (*j) at the same temperature are given below. The 
constancy of this product shows the exactness to which A 0 is pro- 
portional to the fluidity of the solvent as the temperature is varied. 
The values of the viscosity of benzonitrile used were those deter- 
mined previously (Martin, loc . cit). 


Temp 0° 25° 50° 70° 

Atf 0*65 0*66 0*66 0*63 


In Table III are the ratios of the values of A 0 of tetraethyl- 
ammonium iodide in benzonitrile to the values at the same tem- 
peratures in acetone, acetonitrile, and ethylene chloride, the only 
solvents for which modern data are available. The ratios of the 
fluidities of the solvents are also given. The data for acetone are 
those of Walden, Ulich, and Busch (Z. physikal. Chem 1926, 123, 
429), for acetonitrile those of Walden and Birr {ibid., 1929, A, 144, 
269), and for ethylene chloride those of Walden and Busch {ibid., 
140, 89). Extrapolation to A 0 was in all cases carried out by the 
square-root law. 

Table HI. 

A, PhCN rj Me s CO A 0 PhCN tj MeCN An PhCN q C a H 4 Cl 8 
Temp. A & Me a CO ’ -jy PhCN A 0 MeCN * ij PhCN* A<, C*H 4 Cl/ ^PhCN 
0° 0*203 0*204 

25 0*254 0*255 0*284 0*277 0*695 0*633 

50 0*295 0*292 

Ionic Mobilities in Benzonitrile.— On the assumption that the 
mobility of the tetraethylammonium ion is given by the relation 
(Walden and Birr, Z. physikal. Ghent., 1929, A, 144, 308), 

Mobility x Viscosity of solvent = 0-296, 
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its mobility in benzonitrile has been calculated, and from Kohl- 
rausch’s law of the independent migration of ions and the data 
recorded previously, the ionic mobilities given in Table IV were 
obtained. In calculating the mobilities of the silver and nitrate 
ions, Koch’s value, 0*475 (determined from E.M.F. measurements ; 
J., 1928, 524), was used for the transport number of the silver ion 
in silver nitrate. In the rows designated l are the ionic mobilities, 
and in those designated r' are the apparent values of the ionic radii 
calculated from these mobilities on the assumptions (i) that the only 
resistance to the motion of the ions at infinite dilution is the viscous 
drag of the solvent, and (ii) that the magnitude of this drag is given 
by Stokes’s law. In the rows r are the ionic radii obtained from 
crystal data by Goldschmidt {Trans, Faraday Soc., 1929, 25, 253) ; 
both r and r f are expressed in Angstrom units. 


Table IV. 


Temperature. 

Ion. 0°. 25°. 50°. 70°. Ion. 


Temperature. 

0°. 25°. 50°. 70°. 


NEt. 


K* 


Na* 


,.fl 

V 

p , 

fl 


15*26 

2*75 

13*70 

3*06 

1*33 

12*06 

3*48 

0*98 


23*87 

2*75 

21*85 

3*01 

18*31 

3*59 


33*79 

2*75 


25*11 

3*70 


44*45 

2*75 

40*31 

3*03 

32*67 

3*74 


[l 10*84 16*73 22*70 — 

14* W 3*87 3*93 4*10 — 

[r 0*78 


[l 15*82 24*78 — — 

Ag* \r' 2*65 2*65 — — 

[r 1*13 

(l 18*45 29*26 41*68 49*67 

I' i r' 2*28 2*24 2*23 2*46 



2*20 

12*36 19*44 27*39 — 

3*40 3*38 3*39 — 

1*96 

17*48 27*40 — - •— 

2*40 2*40 — — 


The differences between r and r' cannot be used to calculate the 
degree of chemical solvation of the ions, since Born has shown 
( Z . Physik, 1920, 1, 220) that on physical grounds a difference is 
to be expected, owing to the fact that the dipolar solvent molecules 
take a finite time to orient themselves in the ionic field as the ion 
moves through the solvent. However, the physical theory is not 
sufficiently developed to be used for the quantitative interpretation 
of the present results. 

Dissociation of Teiraethylammonium Iodide in Benzonitrile . — The 
observed slopes of the A-V c straight lines are given below, together 
with those calculated from the Debye-Huckel-Onsager equation 

. , fo-78 x 10 5 . - 58*0 I /7r 

^ ° “ + (DT) TlT y J V2c 

where D = the dielectric constant of the solvent, 7) = the viscosity 
of the solvent, and T = the absolute temperature. 
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The author is indebted to Dr. A. O. Ball for the values of D. 


Temp 0° 

27-58 

Slope, obs. 133*8 

Slope, calc. 90-9 


25° 50° 70° 

25*22 23-31 21-9S 

217*6 332-1 423*3 

147*3 202*4 259*4 


The values of the degrees of dissociation, a, and of the corre- 
sponding dissociation constants, K {corrected for activity), calculated 
by the method given previously {Martin, loc. cii.), are set out in 
Table V. The Debye-Hiickel equations used for calculating the 
ionic activity coefficients (y) were (after insertion of ^numerical 
values) : — log 10 y =• 2-78%/c 7 — 9 ‘66c' at 0° ; = 2*78 W — 9*69c f 
at 25° ;‘ : =? 2-78VC 7 - 9*66< at 50° ; = 2-77 Vd - 9-63c' at 70° ; 
d being the ionic concentration. 


Table Y. 


Temp. 


2000. 

Dilution (litres). 

1000. 500. 200. 

100. 

Mean. 

0° 

a 

0*9688 

0*9516 

0-9288 

0*8947- 

-0*8619 

— 


K . I0 3 

12 

13 

15 

20 

24 

17 

25 

a 

0*9667 

0*9524 

0*9249 

0*8833 

0-8594 

- — ■ ‘ 


K. 10 3 

11 

14 

14 

17 

23 

16 

m 

a 

0*9568 

0*9366 

0*9056 

0*8502 

0-8210 

— 


K . 10 s 

8 

10 

11 

12 

17 

12 

70 

a 

0*9580 

0*9385 

0*9044 

0*8493 

0-8132 

— ■ 


K. 10* 

9 

10 

11 

12 

16 

12 


It is not unlikely that at a dilution of 100 litres the Debye- 
Huckel-Onsager equation gives too large a value for the diminution 
in conductivity resulting from the interionic Coulomb forces, per- 
haps owing to the neglect of higher terms. For ^ increases at this 
dilution; and completely dissociated salts such as potassium and 
sodium chlorides in aqueous and methyl-alcoholic solutions at 
dilutions less than 100 and 300 litres, respectively, have values of A 
greater than those calculated from this equation (Onsager, Trans. 
Faraday 8oc. y 1927, 23 , 341). These deviations from the predicted 
values are, however, much smaller than those in the opposite 
direction in the cases of thallium chloride and silver nitrate resulting 
from incomplete dissociation. 

If the foregoing mean values of the dissociation constants be 
compared with those of the iodides of lithium, sodium, and potass- 
ium, lithium broraide, and silver nitrate (Martin, Phil . Mag., 1929, 
8, 547), it is seen that in benzordtrile tetraethylammonium iodide is 
a stronger electrolyte than any of these salts, although it is apparently 
only slightly stronger than sodium iodide. 

Calculatioii by means of the van 5 t Hoff isochore from the variation 
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of the dissociation constant with temperature indicates that the 
heat change in the dissociation of tetraethylammonium iodide in 
benzonitrile is an evolution of approximately 1 kg.-cal. per mol. 

Summary . 

1. The electrical conductivities of solutions of tetraethylammon 
ium iodide in benzonitrile lave been measured at 0°, 25°, 50°; and 
70° over the range of dilution 100 to 10,000 litres. 

2. By utilising the fact that the mobility of the tetraethyl- 
ammonium ion is inversely proportional to the viscosity of the 
solvent, together with data previously recorded , certain ionic 
mobilities in benzonitrile have been determined. 

3. The electrolytic dissociation of tetraethylammonium iodide 
in benzonitrile has been investigated. 

The author wishes to thank Professor J. C. Philip, P.R.S., for 
very kindly placing at his disposal facilities for carrying out this 
work. 

Imperial College op Science and Technology, 

London, S.W. 7. [Received, February 1st, 1930.] 


LXXVI . — Investigations on the Bivalency of Carbon. 
Part III. Some Experiments on Xanthhydrol^ 
Bixanthhydryl Ether, and Xanthhydryl Chloride. 

By Frederic Ggronwy Kny-Jones and 
Allan Miles Ware.: 

Xanthhydrol and benzhydrol being very similar in their properties, 
an attempt was made to study quantitatively the rate of displace- 
ment of chlorine from xanthhydryl chloride as in the case of di- 
phenylchloromethane (Ward, J., 1927, 2285). In lime-dried ethyl 
alcohol at room temperature, however, the chloride lost its halogen 
immediately and completely as hydrogen chloride, the reactivity 
appearing to be exactly comparable with that of triphenylmethyl 
chloride. 

Xanthhydryl chloride reacted readily with water at room tem- 
perature, giving xanthone and xanthen in approximately equal 
quantities, together with some xanthhydrol. As was to be ex- 
pected in view of this result, xanthhydrol was readily decomposed 
by hydrochloric acid, being changed completely to equal quantities 
of xanthone and xanthen after 5 minutes’ boiling with 17/100-acid ; 
it was, however, not attacked by boiling W/lO-sodium hydroxide- 
Kbenahydryl ether (Ward, toe. *cit.) was formed from benzhydrol 
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by boiling with dilute acids, but it was stable to b oiling N /100-acid : 
such acid converted dixanthhydryl ether into xanthone and xanthen 
(equal quantities) in | hour. 

The reactions with alcohol are analogous. Xanthhydryl chloride 
and ethyl alcohol yielded xanthen as the main product, and some 
xanthone. (The alcoholic solution restored the colour to Schiffs 
reagent, but responded to no other test for acetaldehyde : compare 
Fosse, Compt. rend 1901, 133, 880; Bull. Soc. chim 1906, 35, 
1005.) Xanthhydrol also was completely converted into xanthen 
•(main product) and xanthone on being boiled with N/2 0-ethyl- 
alcoholic hydrogen chloride for 1 hour. The change was incomplete 
after shorter times of heating. Xanthhydrol, therefore, is much 
more stable in the presence of alcoholic than of aqueous hydrogen 
chloride. Dixanthhydryl ether, which is insoluble in ethyl alcohol, 
dissolved readily on being boiled with ethyl-alcoholic hydrogen 
chloride (N /20) for a few minutes : the solution remained homo- 
geneous when cooled to room temperature and the product was 
xanthhydrol (yield, at least 89% of the theoretical). 

Xanthhydrol, dixanthhydryl ether, and xanthhydryl chloride, 
therefore, are far more reactive than benzhydrol, dibenzhydryl 
ether, and diphenylchlpromethane. Although, however, diphenyl- 
methane and benzophenone are not produced from the last three 
compounds under the conditions under which xanthen and xanthone 
are produced from the first three, they can be obtained by reactions 
at higher temperatures (see, e.g., Nef, Annalen , 1897, 298, 234; 
also in the thio-series, Schonberg, Schiitz, Bruckner, and Peter, 
Ber., 1929, 62, 2550). In connexion with the preceding trans- 
formations in ethyl alcohol, the observations of Bacon (Amer. 
Chem. J., 1905, 33, 92), Goldthwaite (ibid., 1903, 30, 461), and 
Norris and Young (J. Amer. Chem . Soc., 1924, 46, 2580) on the 
pyrogenic decomposition of arylalkyl alkyl ethers are of interest. 
Xaugmann and Pannwitz (Ber., 1912, 45, 766) have shown that 
tdarylcarbinols in general are reduced to the corresponding triaryl- 
methanes by alcoholic hydrogen chloride or by formic acid, and 
trfphenylmethyl chloride in pure ethereal solution in the presence 
of zinc chloride (Gomberg, J. Amer. Chem. Soc., 1913, 35, 204) or 
aluminium chloride (Norris and Young, loc. cit.) decomposes into 
triphenylmethane and acetaldehyde, doubtless by a similar mechan- 
ism (see also Hardy, J., 1929, 1000). The scheme which has been 
used to explain these decompositions would in the case of dixanth- 
hydryl ether be as follows : 
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The instability of dixanthhydryl ether in the presence of acids 
finds a parallel in the decomposition of bistriphenylmethyl ether 
(Gomberg, loc. cit .) ; the acids he used were, however* more, con- 
centrated and the product was triphenylcarbinol. The reaction 
between xanthhydryl chloride and ethyl alcohol may be assumed to 
proceed via the ethyl ether, which, however, has not been isolated : 


CH 2 Me*OH 


0 <CH> CHGi " > 0<g 6 ^>CH— O— CHMe— H 


+ OICHMe. 


It appears highly probable, therefore, that the displacement 
mechanisms for systems CHE^E^X and CE 1 E 2 E 3 X are closely 
allied. The displacements of halogen which have been studied 
for some systems CHE^Gl may be interpreted as proceeding 
through a phase E 1 E 2 C<, but an hypothesis involving the ion 
CEjEgBT will also provide an explanation (Ward, loc.' cit ., p. 2287). 
The bivalent-carbon hypothesis is impossible for systems of the 
tiiphenylmethane type, and a larger range of reactions can be in- 
terpreted on the ionisation theory. Certain reactions which have 
been regarded as evidence of the formation of ions in the triphenyl - 
methane series were observed in the xanthhydrol experiments. 
Conant and Evans ( J. Amer. Ghem. Soc., 1929, 51, 1934), for example, 
consider that the presence of free radicals is indicated by the pre- 
cipitation of Prussian blue when a chloroform solution of the material 
under investigation is shaken with an aqueous solution of potassium 
ferricyanide and ferric chloride. Dixanthhydryl ether readily 
brings about this reaction. Further, Boyd and Hardy (JT., 1928, 
632) attribute to ionisation the red colour developed when triphenyl- 
carbinol is dissolved in a mixture of sulphuric and acetic acids : 
Ph 3 Cd>S0 3 H Ph 3 C + + S0 4 H~. The colour may be due to a 
quinonoid tautomeride of this ion (see Gomberg and Sullivan, J . 
Amer, Ghem. Soc., 1922, 44, 1810 ; Gomberg and Blicke, ibid., 1923, 
45, 1765). The development and subsequent disappearance of a 
yellow-green colour in all the experiments in hydrochloric acid 
here described may therefore be evidence of the presence of the 

ion CX^0 6 g 4 ^>CH + . Conant and Sloan (ibid:, 1923, 45, 2468) 

consider that they have obtained the free xanthyl radical in an 
impure state. . v 

The accumulated evidence supports the ionisation theory rather 
than the theory of bivalent carbon. As applied to the problem of 
the Walden inversion (Ward, J., 1927, 445), the latter theory isnow 
recognised to be untenable (see also the criticism of Ashworth and 
Burkhardt, J., 1928, 1795) : three groups, and not two, must be 
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momentarily attached to the asymmetric carbon atom during the 
transformations, and evidence has been obtained that optical 
activity can persist under such conditions (McKenzie, Boger, and 
Wills, J., 1926, 779). 

Expieiment.al 

Preparation of Dixanthhydryl Ether . — When xanthhydrol was 
heated with petroleum for several days (Meyer and Saul, JBer., 1893, 
26, 1276), the conversion into dixanthhydryl ether was incomplete. 
The preparation was therefore carried out by heating moist xanth- 
kydrol, prepared from xanthone (25 g.), at 150—155°, and finally at 
175° for li hours- The product was cooled, powdered, and ex- 
tracted three times with methylated spirit. The residue (19*1 g.), 
m, p. 193— 209°, was crystallised from 200 c.c. of xylene, washed 
with the same substance and with ether, and air-dried (yield, 
17*8 g.); m. p. 205 — 211°, A sample of the dixanthhydryl ether, 
twice recrystallised from xylene, well washed with ether, and dried 
in a desiccator over paraffin wax, melted at 219° (Meyer and Saul, 
loc. cit., give in. p. about 200°) (Found : C, 824; H, 5-0. Calc. : 
C, 82*5; H, 4*8%), 

Preparation of Xanthhydryl Chloride . — (1) Thionyl chloride (2 c.c.), 
dissolved in 50 c.c. of light petroleum (b. p. 40 — 60°), reacted readily 
with dixanthhydryl ether (5 g.) suspended in the solution ; as, how- 
ever, needle-shaped crystals soon began to separate, the mixture 
was gently refiuxed for 15 minutes until only a small amount of 
brown solid remained in suspension. The colourless solution 
was cooled in ether-solid carbon dioxide, and the crystals thus 
produced were collected and recrystallised repeatedly from lOO c.c. 
of the same solvent, long colourless needles being obtained. The 
solvent was removed as completely as possible in .an atmosphere oi 
nitrogen and the crystals were dried in a stream of the warmed gas 
(yield, 3— 3-5 g.). '• The crystals became discoloured on drying and 
decomposition doubtless took place, but they could be kept un- 
changed for days in contact with light petroleum (Found, by ti- 
tration of the hydrogen chloride liberated in alcoholic solution : 
O, 14-8, 15-0, 16-1, 13*8. Calc. : Cl, 164%). 

The product melted at 60- — 65° after softening at 50° : selected 
crystals melted above 70°, e,g. } 71—73°, 72—74*5° (Gomberg and 
Cone, Annalen, 1910, 376, 188, give m. p. 73 — 75° after sintering at 
71°). Odourless crystals when removed from the mother-liquor 
became yellow on drying in the air and then colourless again ; they 
were unmelted at 100° and kept their needle shape. 

(2) : The same results wereobtainedby the interaction of xanth- 
hydrcft and thkmyl chloride in boiling li^rt petroleum. 
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Reaction between Xanthhydrol and Hydrochloric Acid . — (a) Xanth- 
hydrol, prepared from xanthone (5 g.), was washed with water and 
refluxed for 1 hour with 75 o.c. of N /100-hydrochloric acid. The 
solid melted and needle-shaped crystals then separated. They 
were removed from the cooled solution, washed with water, and 
immediately heated to boiling with 30 c.c. of methylated spirit. 
The solution was cooled to room temperature,. filtered from the crop 
of crystals, added to an equal bulk of glacial acetic acid containing 
5 c.c. of a concentrated aqueous solution of urea, and poured after 
2 hours into excess of water. The precipitate then formed was 
collected, washed with water, and added to the crop of crystals 
above. The whole was dried over calcium chloride (yield, 5-15 g.) 
and extracted four times with 40—50 c.c. of boiling light petroleum 
(b. p. 40— 60°). The extracts were well cooled and filtered, and the 
combined filtrates evaporated to dryness, leaving 2*42 g. of colour- 
less solid, m. p. 94 — 96°, mixed m. p. with xanthen (m. p. 100—101°) 
96—97*5°. Two further similar extractions of the undissolved 
solid gave 0*09 g., m. p; 97 — 135°, and.a seventh extraction gave 
0*05 g., m. p. 142 — 158°. The remaining undissolved solid (2*46 g.) 
melted alone at 163— 168°, and at 167— 170° when mixed with 
xanthone (m. p. 174°). 

This method of separating xanthen from xanthone, although 
not quantitative, since xanthone was slightly soluble in the light 
petroleum used, was the one that gave the best results. The steam- 
distillation method used by Heller and Kostanecki (2?er., 1908, 41, 
1325) is unsatisfactory because xanthone is slightly volatile in steam. 

(b) Xanthhydrol (0*5 g.) was boiled with N /100-hydrochloric acid 
(7*5 c.c.) for 5 minutes ; the subsequent procedure was as described 
under (a). The alcoholic filtrate, after being added to the urear- 
glaeial acetic acid- was still clear after 7 hours, whereas a portion 
of the same preparation of xanthhydrol, when dissolved in methyl- 
ated spirit and added to the urea-acetic acid solution, was converted 
into a stiff paste after a few minutes. 

(e) Similar experiments were carried out with hydrochloric acid, 
the strength being gradually increased to 5 N ; xanthen and xanthone 
were the only products isolated. 

XanihhydrdL and Aqueous Sodium Hydroxide.— Xanthhydrol 
(9*5 g.) was boiled with 7*5 c.c. of ^/lO-aqueous sodium hydroxide 
for 1 hour. No yellow-green colour appeared and the xanthhydrol 
did not melt as in the : hydrochloric add reactions.; The solid dis- 
solved completely in about 10 c.c. of cold methylated spirit and 
the addition of this solution to the urea reagent gave a precipitate 
comparable in amount with that obtained on testing the xanthhydrol 
in(b).\ ' ' - 
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Reaction between Dixanihhydryl Ether arid Hydrochloric Acid . — 

(d) Bixanthhydryl ether (5 g.) was boiled with N /2-hydrochlorie 
acid (75 e.c.) for I hour. The products were examined and separated 
as in (a); xanthhydrol was not present. The product (2-1 6 g.) 
obtained from the first four extractions melted at 97 — 98°, and at 
98 — 99° when mixed with xanthen; the seventh extract (0*02 g.) 
had m. p. 163—166°. The remaining portion (2*35 g.), insoluble 
in the light petroleum, melted at 165—169°, and at 169— J72° when 
mixed with xanthone. 

(e) Finely powdered dixanthhydry! ether (0*5 g.) was boiled with 
j^/100-hydrochloric acid (7*5 c.c.) for 15 minutes. The solution 
was cooled, and the product, which contained needle-shaped 
crystals, was collected, washed with water, and boiled with alcohol 
(15 c.c.). A part, doubtless unchanged ether, did not dissolve. 
The alcoholic solution did not give the urea reaction for xanthhydrol, 
but yielded a copious white precipitate on being poured into water. 

(f) This experiment was carried out as in (e), but the mixture 
was boiled for \ hour. The product dissolved completely in 5 c.c. 
of hot ethyl alcohol ; the solution thus formed gave a crop of colour- 
less needles on cooling, and the filtrate did not contain any xanth- 
hydrol. 

Reaction between Xanthhydryl Chloride and Water . — Xanthhydryl 
chloride (2 g. ; Cl, 14-8%) was triturated with 30 c.c. of water at 
room temperature for \ hour. The chloride, initially yellow-brown, 
rapidly became almost colourless. The products, collected and 
washed with water, were extracted with 30 — 40 e.c, of methylated 
spirit and the alcoholic solution was added to the urea reagent : a 
precipitate separated. Two more extractions of the residue were 
made and the precipitates were collected after some hours, washed 
with methylated spirit, and dried (total yield, 0*43 g., corresponding 
to 0*41 g. of xanthhydrol). The solutions and the remaining residue 
were worked up as in (a), the following yields being obtained : (i) 
0*56 g., m. p. 94r— 96°, (ii) 0-05 g., m. p. 165— 167°, (iii) 0*53 g.j 
m. p. 168—170°. 

Reaction between Xanthhydrol and Ethyl-alcoholic Hydrogen 
Chloride . — (g) Xanthhydrol (0*2 g.}, dried over stick sodium hydr- 
oxide, was dissolved in ethyl-alcoholic hydrogen chloride (N/10 
approx., prepared by passing hydrogen chloride into lime-dried 
ethyl alcohol) and boiled for 5 minutes. The cooled solution was 
tested: for xanthhydrol and gave a copious precipitate. When the 
reactkm mixture was boiled for 15 or for 30 minutes, there was also 
a positive test, but the amount of condensation product which 
separated in the latter case was small. Heating for 1 hour brought 
about complete decomposition of the xanthhydrol. 
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(h) Xanthhydrol (2?5 g.) was boiled with 20 c.c. of N /20-ethyl- 
alcoholie hydrogen chloride for 1 hour. The solvent was then dis- 
tilled : it restored the colour to Schiff’s reagent, but only slightly 
reduced ammoniacal silver nitrate. The solid residue was dried 
over calcium chloride (yield, 2*4 g.) and examined in the usual way. 
It gave : (i) 1-36 g., m. p. 93 — 95°, mixed m. p. with xanthen, 94— 
96°; (ii) 0*09 g., m. p. 142—164°; (iii) 0*80 g., m. p. 163—166°, 
mixed m.;p. with xanthone, 168 — 171°. 

Reaction between Dixanthhydryl Ether and Ethyl-alcoholic Hydrogen 
Chloride. — Dixanthhydryl ether (2 g.), when boiled with iV/20-ethyl- 
alcoholic hydrogen chloride (20 c.c.), dissolved after 4 minutes, 
and solid did not separate when the solution was cooled. An equal 
volume of the urea reagent was added ; a copious white precipitate, 
which separated after a few minutes, was collected after 14 hours 
and washed repeatedly with methylated spirit until the washings 
gave only a small precipitate on being poured into water.' The 
product, after being dried over calcium chloride, weighed 1*98 g. 
(equivalent to 1*87 g. of xanthhydrol). 

The alcoholic-acetic acid solution and washings did not give any 
precipitate on being further tested for xanthhydrol and were there- 
fore poured into excess of water. The precipitate was collected 
and dissolved in about 30 c.c. of hot methylated spirit. Dine 
colourless needles (0*12 g.), which separated from the cooled solution, 
did not melt at 225?, and gave a copious evolution of ammonia on 
fusion with potash (this product is possibly formed from urea and 
xanthhydrol by the condensation of one molecule of each). When 
excess of water was added to the methylated spirit solution, a solid 
(0-26 g.) was obtained which began to melt at 90° but was not 
completely molten at 220° ; it probably consisted mainly of xanthen 
and xanthone. 

Reaction between Xanthhydryl Chloride and Ethyl Alcohol . — Lime- 
dried ethyl alcohol (about 50 c.c.) was added tp a light petroleum 
solution of xanthhydryl chloride (prepared from 5 g. of xanthhydrol). 
The solution, which became successively: brown and green, was 
shaken for a few minutes, and the solvent then distilled off. The 
green residue was dried in a current of air (yield, 4*1 g.), A portion 
of it (about 0*2 g.), tested for xanthhydrol, did not give a precipitate 
after 4 hours. The remainder was extracted four times with light 
petroleum. The soluble portion (3*05 g.) was yellow-brown and 
melted at 85 — 90° ; it was dissolved in light petroleum and refluxed 
(charcoal) for J hour. The pale yellow solution thus formed was 
Altered and evaporated ; yield, 2*65 g., m. p. 91 — 93° ; mixed m, p. 
with xanthen 97—99°. The green insoluble portion (0-58 g.) melted 
at 143 — 146° ; it dissolved in acetone to a green solution, from which 
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the colour was removed by means of charcoal. The purified product 
had m. p. 171—172° and mixed m. p. with xanthone 173-^-174°. 

One of us (A. M. W.) is indebted to the Research Fund Committee 
of the Chemical Society for. a grant which has partly defrayed the 
cost of the materials. 

Sir John Cass Technical Institute, 

London, E.C. 3. {Received, J armory 14th, 1930.] 

LXX.VIL — The Apparent Hydration of Ions . Part 
IV. The Densities and Viscosities of Saturated 
Solutions of Silver Nitrate in Nitric Acid. 

. By John William Ingham. 

The investigations in this series already described have dealt with 
solutions of alkali-metal and ammonium chlorides in hydrochloric 
acid (Parts I and II, J., 1928, 1917, 2381 ; Part in, J., 1929, 2059). 
The present paper deals with an extension of the work to solutions 
in nitric acid, the solute being silver nitrate, a choice which allows 
of accurate analytical control and is also convenient for comparison 
with the salt and acid pairs previously examined. The silver ion, 
having a radius of M3 A.U. (Goldschmidt, Trans. Faraday Soc. } 
1929, 25, 253), which is between those of the sodium and potassium 
ions (Na* 0*98, K* 1-33), might be expected to show hydration effects 
of an intermediate nature. The nitrate ion, which resembles the 
chlorine ion in probably being not hydrated but differs from it in 
having a more complex and less symmetrical structure, might show 
specific effects due to these features. Differences might also be 
expected for these two ions on the basis of Sugden’s theory (J., 
1926, 174) that anions have not all the same activity as depolymerisers 
of the solvent. 

The experimental work consisted of the determination of the 
densities and viscosities at 25° for a series of solutions of acid con- 
tent covering the range 0— 12ZV 7 , and saturated with silver nitrate. 
A parallel series of determinations with add alone was also made. 
The same apparatus was used as in the previous work, but a slight 
modification was made by placing the gauge for the Scarpa visco- 
meter in the thermostat and substituting water for alcohol in it, 
thus making the control more certain. The results are in Tables I 
and H, concentrations being in mols./litre. The viscosities of the 
pure nitric acid solutions were determined both by the Scarpa and 
by the OstwaM U-tube method. 
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Table I. 

Total 

Total 


df. - 

lOfy hno 3 . 

AgN0 3 . 

solute. 

H 2 0. solution. Ool. 8. 

2-2969 

2989 — 

9*714 

9-714 

35-9 45-6 

55-33 

1-7376 

1852 2-222 

4-952 

7-174 

42-0 49-1 

54-1 

1-6343 

1712 2*797 

4-047 

6-844 

42-8 -49*6 

53-7 

1-4669 

1523 4-282 

2-456 

6-738 

43*3 ■ 50*0 

. 52-5 

1*4236 

1508 5-010 

1-975 

6-985 

42-9 49-9 

51-8 

1-4014 

1512 5-599 

1*685 

7-284 

42-3 49-6 

51-3 

1-3742 

1578 6*976 

: .1-185 

8-161 

40-7 48-9 

50-1 

1-3690 

1630 7-971 

0-943 

8*914 

39-2 48-1 

49*1 

1-3695 

1712 9-093 

0-724 

9*82 

37-4: 47-2 

48 ; 0 

1*3741 

1784 10*12 

0*589 

10*71 

35-3 46-0 

46-6 

1*3856 

1883 11-69 

0-393. 

12-08- 

32-3 44*4 

44-8 



Table II. 




iqv 




Total 

solution. 


(Scarpa). (Ostwald). 

hno 3 . 

h 2 o. . 

0-99707 

891 

891' 


55*35 

55*35 

1-0297 

917 

914 

0*987 

53-7 

54-7 

1*0633 

954 

951 

2-010 

52-0 

54-0 

1-0892 

989 

991 

2-810 

50-6 

53-4 

1-1193 

1049 

1042 

3-744 

49-0 

52-8 

1-1542 

1123 

1120 

4-863 

47*1 

51-9 

1-1787 

1195 

1187 

.5-667 

45*6 

51-3 

1-2245 

1335 

1327 

7-257 

42*6 

49-9 

1-2678 

1497 

1487 

8-900 

39*2 

48*1 

1-3397 

1764 

1758 

11-92 

32-7 

44-6 


Col. 8 of Table I gives the sum of Cols. 4, 5, and 6; on the assump- 
tion that the solutes are completely dissociated and that the 
hydrogen ions are present as H 3 0* ions (or, alternatively, that they 
have ho effective size as free individuals), these figures give the 
relative numbers of particles having effective volume, the water 
molecules being treated as unpolymerised and no allowance being 
made for hydration of the silver ions. Col. 6 in Table II gives 
the corresponding figures for the pure acid solutions, the values 
in- this case being identical with “ Total solution.” 

Discussion of Results, 

Densities and Solution Volumes .— The data in Col. 8, Table I, 
and Col. 6, Table n, show a close parallelism , and, when plotted 
against acid normalities, give graphs which are superimposable 
except in the region 0—5N, where the solutions containing silver 
nitrate have slightly higher numbers of “ effective particles ” (the 
maximum divergence being 0*3 unit/litre). The saturated solution 
of silver nitrate in pure water, having 55*33 for this number, maybe 
compared with pure water itself, for which the value is 55*35. If 
the solution volume of the water were the same in the two cases, 
then that of the silver nitrate would be exactly twice as much. 
Caution must, however, be observed in making such deductions, 
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and due regard must be given to the possibility of an alteration in 
the values for the water molecule itself. For instance, a change of 
the condition of the solvent, such as depolymerisation, might lead 
to an adjustment of the volume effectively shown. Similarly, the 
packing of ions amongst the water molecules and the interactions 
of 4 4 hydration ” will undoubtedly lead to modifications of the volume 
which the solvent molecule apparently occupies. These various 
effects may all be regarded as readjustments of the amount of “ free 
space 99 in the liquids. This free space is normally included in the 
apparent solution volumes of the constituents of a solution, whether 
solute or solvent. Usually, in dealing with aqueous solutions, a 
constant value is assumed for the water, based upon the density 
of the pure solvent, and any variations are arbitrarily expressed as 
those of the solute*: an example is that of lithium chloride (Green, 
J., 1908, 93, 2023), discussed by the author in Part II (loc. cit.). 
On the other hand, the type of expression suggested by Masson 
{J., 1911, 99, 1132), and used in the present series of investigations, 
makes provision for changes in the apparent solution volume of the 
solvent in the solution as compared with the pure liquid. The 
solution volumes deduced by these methods all include a proportion 
of “ free space ”■ except for the two smallest ions Li* and Na* s in 
which cases the apparent solution volumes were found to be less 
than the gram-ionic volumes calculable from lattice radii. These 
are the ions which definitely show hydration effects. The case of the 
ammonium ion was especially interesting, for it gave an unexpectedly 
high solution volume of 19-64 c.e. (Part HI), compared with the 
value 7-43 c.e. deduced from the ionic Tadius. At the same time, 
this ion was shown to have a negative effect on the viscosity. It is 
suggested that the appropriation of this large amount of free space, 
accompanied by a repulsion of the solvent molecules, causes the 
ammonium ion to show a lower viscous effect than its apparent 
solution volume would otherwise indicate. The ammonium ion, in 
fact, behaves as a <c loose spot ” (compare Part II). 

The application of Masson’s formula, df = K J r k x a -j- k 2 b, to 
the data of Table I may now be considered. The series of densities 
resembles that for the NaCl-HCl and KC1-HC1 mixtures (Part I), 
there being a minimum value ; since, however, the data for silver 
nitrate cover a much wider range of salt concentrations* it is not 
surprising that the formula has a more restricted application. Con- 
stants were determined by (i) the method of least squares and (ii) 
Campbell’s method (see Part EU, loc, cit.), the corresponding equations 
being • • - ' 

(i) df = 1-0350 + 0*02647® + 0-12996; 

» 0370 Ste + 0-13056. 
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The second of these is preferred, and the densities calculated by 
means of it compare well with those observed except for the end 
values of the series ; e.g.. 


(obs.) 2-2969 1-7376 1-6343 1-4669 1*4236 

„ (calc.)’ ............ 2-2986 1-7368 1-6343 1-4669 1-4236 

(obs.) 1-4014 1-3742 1-3690 1-3695 1-3741 

„ (calc.)... 1-4017 1-3737 1-3690 1-3706 1-3808 


The solution volumes corresponding to the constants of the equations 
differ only slightly according to the equation used, thus : 

AgN0 3 . HNO a . H 2 0. 

(i) 38-66 35*32 17-41 

(ii) ..................... 38-14 34-92 17-48 

The values may be compared with those derived from other sources. 
Jablczynski, in a paper on the dimensions of ions in aqueous solutions 
(Rocz. Ghem ., 1923, 3, 362), has discussed the data for many salts, 
including nitrates and chlorides. He gives the solid volume of silver 
nitrate as 39-04, and calculates the upper and lower limiting solution 
volumes to be w x 39-34 and w 0 25-91, respectively, these being 
deduced from data by means of empirical formulae, and the solution 
volumes being calculated from density data by means of the ordinary 

equation w = ^(1000 — - — — ^ j, where d 0 is the density of 

pure water. The lower limiting values w Q were, for the chlorides of 
sodium potassium, caesium, and rubidium, shown to agree with the 
molecular volumes calculated from the lattice radii of the ions as given 
by Bragg (Phil. Mag 1920, 40, 169), but the revised data for the 
radii nullify this agreement, which in any case did not extend to 
other salts. The agreement found between the upper limiting values 
w x and the solid volumes in the case of many salts, including silver 
nitrate, is apparently significant, although too much importance 
must not be attached to it, since the result is obtained by neglecting 
the effect of changes of the packing arrangements upon the volume 
occupied by the water. All that can be safely concluded is that, in 
solutions' of high concentration, the solution volume of the salt 
approaches that of the solid in many^ases, and if the ionic radii 
remain- the same, the “ free space 35 associated with the ions in solu- 
tion is of the same order as that for the solid state. The mean 
value deduoed for silver nitrate in the mixed salt and acid solutions, 
viz., 38*40, is thus seen to be satisfactory* The fact that the value 
remains constant over the greater part of the series may be attributed 
to the relatively small variation in total solute strength, so that the 
apparent volume of the nitrate ion, which accounts for the major 
portion of the total volume of the salt, remains constant. This 

IT 
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would not be the case in a simple series of solutions of silver nitrate 
alone, varying over the same range of salt concentration, viz., 0 — ION 
(app.), as in the mixtures. The same argument applies to the acid 
itself, so the acid volume deduced for the mixed solutions will not 
be expected to apply to any considerable part of Table II. Actually, 
it does apply for the concentration region 6 — ON, for which solutions 
the densities can be fairly accurately calculated by the formula 
df = 1*0306 + 0*027G2a, but outside these limits there is rapid 
divergence. 

The difference (3*28) between the means of the above values of 
the volumes, viz., 0 , = 38*40, <£' HN03 = 35-12, is taken as the 
volume of the silver ion, and 4>'kso 3 will be provisionally assumed 
to be the value of also.* The value for the silver ion falls 
between those obtained for Na* (1*58) and K* (12-25) in Part I. 
Furthermore, if these values are used to derive values for the nitrate 
ion from the limiting values of sodium and potassium nitrates given 
by Jablczyhski, viz., ^(NaNOg) = 37-87, ^(IGSTOg) = 47*61, the 
values for this ion are 36-29 and 35-36, respectively, the latter being 
in very close agreement with the value deduced above. In this 
connexion, it may be noted that lithium nitrate (u\ 30*24) is not in 
agreement. This again is probably due to the method of obtaining 
the solution volumes without regard to changes of the water volume. 
In the case of lithium chloride (Part II, ioc. cit.), it was shown that 
for a 5*407 Absolution, the solution volume (22*43) obtained by using 
a density for water of 1*01275 was considerably higher than either the 
solid volume (20-94) or the solution volume (20-24 at 5N) calculated 
by Green (Ioc. cit.). A difference in the assumed density of the 
solvent water of about 1% therefore makes a considerable difference 
to the calculated salt volumes, and this is most marked for lithium 
salts, so the above apparent discrepancy of lithium nitrate is probably 
capable of a similar explanation. 

The solution volumes of the silver and nitrate ions, viz., 3-28 
and 35*12 respectively, may be compared with ionic volumes 
deduced from lattice radii. For the former ion, the values given by 
Goldschmidt (Ioc. cit.), 1*13, and by Pauling, 1-26 (quoted by Gold- 
schmidt), lead to gram-ionST volumes of 3*665 and 5*079 respect- 
ively. The value 3*28 now found for the solution volume is thus, as 
with lithium and sodium ions, less than that calculated from the 
lattice radius. _ The nitrate ion has a structure with the centres 
of the four atoms in one plane, the oxygen atom centres being at 
the corners of an equilateral triangle, and that of the nitrogen atom 
being at the mid-point (Bragg, Phil. Mag., 1926, 2, 258). The 

* ^ is used for the volume of ions added to 1 c.e. of solution; is used 
the gram -ionic volume of an ion. 
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inter-atomic distances of the oxygen atoms are given as 2-25 A.U. 
and their radii as 1*35 A.U. These dimensions imply a very close 
packing of the oxygen atoms round the central nitrogen atom, with 
considerable deformation of the former. These results have been 
confirmed and amplified in a comprehensive survey of the type 
of compound ABX 3 by Zachariasen (Nor she Videnshaps-AJcad 
1928, 1, mat.-nat. Klasse , 4). Thus, in lithium nitrate the distance 
from an oxygen centre to the nitrogen centre is T25 A.U., which is 
practically the same as in the Bragg structure. It appears to be 
well established that both the nitrate ion and the carbonate ion, 
which has almost identical dimensions, preserve well-defined identi- 
ties. The exact volume occupied by such an ion is not easy to 
determine, but as an upper limit that of the triangular prism con- 


Fig. 1. 
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Coefficient of viscosity (in e. g. s. units), tj x 10 s . 


tabling it may be taken. This is calculated to be 34*4 for the gram- 
ion. Actually, this will be somewhat high, and if the lower limit 
be chosen as the volume of three oxygen atoms (r == 1*32), giving 
17*5, it seems probable that the true volume will lie between these 
two limits. The solution volume determined is actually quite close 
to the upper limit thus obtained, and it will be shown that the 
volume influence of this ion upon viscosity is of the same order. 

Viscosities .— The graphs of the data shown in Fig. 1 may be 
compared with those in Fig. 2, Part II, for hydrochloric acid solu- 
tions alone or containing sodium chloride* Aqueous hydrochloric 
acid solutions have higher viscosities than those of nitric acid of 
equal normality, Nitric acid appears to have a simpler behaviour, 
the curve being linear above 5N. Starting from pure water and 
comparing the two acids, it is found that the viscosity differences at 
corresponding normalities (i) at first increase from 42 ( x 10*" 5 ) units 
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at N ~ 1 to 78 at N = 3 ; (ii) they then diminish until the value 
48 is again reached at N = 8 , after which (iii) there is a rapid increase 
to 146 at N = 12. These effects might be interpreted as being due 
to (i) a more rapid depolymerisation of the water by nitrate than 
by chlorine ions in the earlier stages of 1 — 3 N ; (ii) the influence of 
the larger size of the former ion tending to a greater viscosity effect 
and hence a making up of some of the ground lost during the initial 
period ; (iii) the entry of some specific effect in the solutions of high 
concentration of hydrochloric acid which is not paralleled in those 
of nitric acid or else is offset by a difference in the numbers of par- 
ticles of all kinds, which numbers are considerably less in the case 
of nitric acid. The effective numbers of particles as defined by 
Col. 6 , Table II, for nitric acid, and falling from 55*35 to 44*60, show 
much greater variation than for hydrochloric acid, for which (from 
Green’s data) the range is 55*35 — 53*24 for the corresponding range 
0 — 12oV. Another possible factor causing such differences of 
behaviour would be incomplete ionisation of the nitric acid in 
solutions of high concentration, since, as will be shown later, the 
increase of viscosity caused by adding a given ion is partly dependent 
upon the strength of the field into which it is placed. There is, 
however, no evidence that nitric acid is less dissociated than hydro- ■ 
chloric acid and, in fact, the behaviour in dilute solutions suggests 
the complete dissociation of both acids (Maclnnes and Cowper- 
thwaite, Trans. Faraday Soc., 1927, 23, 400). 

The most noteworthy feature in the graphs for the silver nitrate— 
nitric acid solutions is the obvious similarity to those for sodium 
chloride in hydrochloric acid, both sets showing the approach to a 
minimum viscosity as salt is replaced by acid. It should be noted 
that the minim um does not occur at the point of minimum total 
solute concentration. 

- The linear relation for nitric acid of concentrations exceeding 5 N 
is expressed by 

73 = 0*006822 + 0*00090770 

for the Scarpa series (if the mean of the Scarpa and Ostwald series 
is taken, the first constant becomes 0*006787). If this equation 
is compared with one of the form deduced by Einstein (Ann. Physik, 
1906, 19, 289), viz., r\ = tjq [I + constant X <f>], and if it be assumed 
that the nitrate ions contribute the main effect in altering the 
viscosities in proportion to their volume, so that <j> = C<f>'/1Q0Q, 
<£' is given by [0*0009077 X 1000]/[0*006787 x (constant)]. If the 
value 4*5 be taken for the constant in the Einstein equation (com- 
pare Hatschek, Trans . Faraday Soc 1913, 9, 80), <£ N <v becomes 
29*7 e.c. and n Q would be 0*006787. It might be argued that the 



INGHAM : THU APPARENT HYDRATION OF IONS* PART IV. 549 


water at 25°, and hence it might be used to calculate the degree of 
polymerisation in ordinary water by comparing it with the viscosity 
of ordinary water and employing the equation y\ = 73 0 (1 -f- 2*55 <£), 
which with the constant 2*55 might be considered applicable to the 
ease of the uncharged water polymerides. This calculation, with 

— 0*00891, gives <j> as 0*1225 c.c., or 122*5 e.e. per litre, correspond- 
ing with a polymerisation of 12*3%. The significance of the value of 
7] 0 as thus suggested is open to question, for at present there is no 
evidence of its applicability to solutions other than those here con- 
sidered. Further, the equation 7j = ?j 0 (1 + 4*5 <j>) is not satisfactory 
either for the data for the mixed solutions of silver nitrate and nitric 
acid or for correlating hydrochloric acid and the mixed chloride 
solutions. It may be compared with the equation of Smoluchowski 
(Kolloid-Z.y 1916, 18, 194) put in the form tj = t) 0 {1 + 2*5<£ (1 + a?)}, 
where the term (1 -f~ x) takes account of the effect of the charge on 
the particles and presumably varies with the total number of these. 
If it is accepted that the volume 29*7 c.c. represents the effective 
value for the nitrate ion, then the factor (1 + x) for nitric acid solu- 
tions of 5 N upwards remains constant and equal to 4*5/2:*5. This 
again assumes the fundamental significance of 73 0 . It is probable, 
therefore, that the linear relationship for nitric aeid is due to a 
balance of a number of effects, and is not to be interpreted fully on 
these simple lines. 

Since a satisfactory interpretation of the data for the mixed solu- 
tions could not be obtained on the above lines, recourse was had to 
the empirical equation, 7j 2 — 73 x = J(t] 2 + 7] 1 )2-5^, employed in 
previous parts of this series. According to this formula, a change 
of viscosity occasioned by the addition of a quantity of ions of nett 
volume 9 is proportional to that volume and to the mean viscosity 
of the solutions concerned. It appears that introduction of the 
mean viscosity in this way is equivalent to making allowance for the 
effect of the charges on the ions, but in a different way from that of 
Smoluchowski. Thus the effect of an addition is greater in solu- 
tions of high total-ion strength than in those of lower concentration* 
By applying this to the solutions of nitric acid alone, in the first 
case, and using successive pairs of values from Table. II, the <j>' 
values of the nitrate ion are calculated. Thus, from the fourth and 
fifth experiments (Scarpa values) 

% = 0*00989 ; 7 ^ = 0*01049 ; ^2 ~ 0*00060 ; tj 2 + “ 

0*02038; G z -G l = 0*934; . , " 

_ At) X 1000 X 2 : 0*00060 X 2000 oe , 0<> 

? ~ 2*5 X (y) 2 + tjJAC ~ 2*5 X 0*02038 X 0*934 ' 

and the values for the complete series are as follows : 

u2 
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C 0 0-987 2*010 2*810 3-744 4-863 5-667 

<f>' 11*7 15*5 18*0 25*2 24*4 30*9 

C 5*667 7*257 8*900 11*92 

4' 27*8 27*9 27*3 


The mean value for C > 5 N is <£' = 27 - 6 , which may be compared 
with that derived directly from the linear relationship discussed 
above, viz., 29*7 : these values fall between the limits already 
adduced for the volume of this ion and they approximate to the 
solution volume found. These facts, in conjunction with the fair 
constancy of the values in the above table for solutions of concen- 
trations above SN, are taken to indicate an absence of hydration 
effects for the nitrate ion. The initial rise in the series is attributed 
to the depolymerising action of this ion, whereby the apparent <£' 
value is reduced. The tendency for the values to fall, over the 
range 5 — 12JV, may be connected with the falling off in the total 
number of particles present. An alternative explanation might be 
that incomplete ionisation in the very concentrated solutions causes 
an apparent reduction of the effective volume — an actual reduction 
due to changes in the packing arrangements of the ions and water 
molecules and equivalent to a loss of free space is not excluded. 
In this connexion, the difference between nitric and hydrochloric 
acids is noteworthy. It was shown that with the latter (Part I) 
the <f>' value of the chlorine ion ( 22 * 43 ) which could be used to 
account for the viscosities of solutions of 3 — 6N on the above lines 
was quite inadequate for the values at higher concentrations, and the 
apparent <j>' values would rapidly increase with increasing acidity, 
this being due apparently to some specific effect such as the formation 
of a complex molecule ( ? H 3 OCl) which has no parallel in the nitric 
acid solutions. 

The value 28 being accepted for the effective volume of the 
nitrate ion in solutions containing that ion in concentrations from 
7 to 10Af, the data of Table I may be used to calculate the apparent 

values for the silver ions in the mixed solutions of total concen- 
trations between these limits. Thus, for the first pair of solutions 
there is a fall in viscosity accompanying a fall in concentration 
of 2*540 in the nitrate ion and of 4*762 in the silver ion, and the 
calculation is made as follows : 


•^ = 0*02989; Atj = 0*01137; 

= 0*01852 ; (v 3l + t} 2 ) = 0*04841 ; 

1 AAA JL _ 0*01137 x 2000 1 nn n _ , 

1000 4 0*04841 x 2*5 — 18^*9 c.c, per litre. 

Sf&e total <f> of 187*9 c.c. per litre is reduced by that of the nitrate 
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ions, viz., 2*540 x 28 = 71*1 c.c., and the difference (187*9 — 
71*1 = 116*8 c.c.) divided by the fall in the silver-ion concentration 
(4*762) gives the effective volume of the silver gram-ion, i.e., <j> f Ai = 
24*53 c.c. This may be taken to represent the mean effective 
volume of the hydrated silver ion for the particular range considered, 
and the apparent hydration may be calculated after subtracting the 
volume of the silver ion, 3*28, derived from the densities. Each 
successive pair of solutions in Table I might thus be treated* but in 
that part of the table embracing the minimum point of viscosity, 
Atq becomes inconveniently small, hence in this region wider steps 
have been used. Further, for certain pairs, e.g., the sixth and 
seventh solutions, y increases whilst <7 X(V increases and C M . 
diminishes, so the <f> value calculated is the nett effect ^ N(V — ^ Ag ., 
and the subsequent calculation of <j) M . must be modified accordingly. 
The series of values relating to the different parts of the table may 
now be considered, the ordinal numbers referring to the successive 
pairs of solutions. The values in brackets are indirectly derived, 
being weighted values deduced from others first obtained from wider 
steps of the table ; h is the hydration factor or apparent hydration. 

1 . 2 . 3. 4 . 5 . 6 . 7 . 8 . 9 . 


4'as 24*5 24*5 27-5 [25 20 19 22 ] 26*2 26*6 

h 1*21 1*21 1*38 1*24 0-95 0*90 


This series of values may be compared with that obtained for 
sodium ions in sodium chloride-hydrochloric acid solutions (Table 
VI; Part I), which commences at 32*0 for the pure saturated solu- 
tion and falls to 23*5 at the point of minimum viscosity. After this 
point is reached, in both cases the values begin to rise, but, as the 
concentrations of the salts are then becoming low, the values may be 
subject to considerable error partly owing to the smallness of the 
effects actually attributable to these ions, and partly because other 
specific effects coming into play in solutions of higher acidities are 
automatically included in the values for the metal ions. Only the 
first portion of the series of figures for silver nitrate is therefore useful 
for the discussion of the hydration. The calculated hydration 
factors are lower than those obtained for sodium ions at corre- 
sponding parts of the series. The initial tendency to rise may be 
due to the very considerable fall in total solute strength of the 
solutions in the early parts of the series. This effect is very slight 
or non-existent in the case of sodium ions. The method of treat- 
ment given places the silver ion between the ions of sodium and 
potassium as regards hydration, in agreement with the idea that the 
order should be that of the ionic radii, the smaller the radius the 
greater being the tendency for hydration. 
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Summary and Conclusions . 

Dete rminat ions have been made at 25° of the solubility of . silver 
nitrate in aqueous nitric acid of concentrations up td 121VY The 
densities and the viscosities of the solutions have been measured 
together with those of a comparable series for the acid alone. . 

The formula d == E -f k x a + icjb applies to the densities of the 
mixed solutions of total solute concentration below. 9 N, a and b 
being the concentrations of acid and salt respectively. The constants 
K and h x also apply to the pure acid solutions of concentrations 
6— 9i\ T . The corresponding solution volumes are discussed arid 
compared with those derived by other investigators. The silver ion 
behaves like lithium and sodium ions in having an apparent volume 
less than that calculated from its radius in the crystal lattice. 

The viscosity data are interpreted by means of the empirical 
formula 7j 2 ~ 7^ = 1(^1% + 7 h)%'5<f>' A change of viscosity 
caused by the addition to a solution qf ions of volume ^ is propor- 
tional to this volume but also depends upon the mean viscosity of 
the solutions considered. It is suggested that this latter factor takes 
account of the electrical effects, and hence the equation allows of 
the volume effect being separately estimated. The formula, which 
has previously been applied only to chlorides and their ions, is now 
found to give a satisfactory account of the data for nitric acid and 
for its mixed solutions with silver nitrate. The volume effect of the 
nitrate ion remains substantially constant except in 0 — 5Y-solutions 
of the acid alone, where apparent variations due to the depolymeris- 
ing action of the ion are indicated. This depolymerisation of the 
water is more easily effected by the nitrate ion than by the chlorine 
ion. The volume of the nitrate ion determined from the viscosities 
approximates to the solution volume calculated from the densities 
and is also in agreement with values deduced from the data for the 
adze of this ion in crystals ; hence it is concluded that this ion is not 
hydrated. Mtrie acid shows a less complex behaviour in solutions 
of high concentration than does hydrochloric acid, and this suggests 
the absence of complex ions in the former case. 

The silver ions in the mixed solutions show effects attributable to 
hydration, which is less than that previously found for sodium but 
greater than for potassium, and this is in accordance with the, 
expected results deduced from the sizes of the ions. Hydration 
factors for silver ions varying from 14 — 0*90 are found, whereas 
those for sodium ions were 1-7 — 1*2. 

Hemot-Watt Coulegb, Edinburgh. [Received, January 27th, 1930.] 
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LXXVIII . — Experiments on the Constitution of the 
Aloins . Part II. 

By Charles Stanley Gibson and John Lionel 
• SlMONSEN. 

Some years ago Robinson and Simonsen (J., 1909, 95, 1085) sug- 
gested tentatively for barbaloin the formula (I), based chiefly on the 
following facts : (i) the careful investigations of Jowett and Potter 
(J., 1905, 87, 878) had shown that barbaloin has the composition 
Ci 6 H 18 0 7 and contains four hydroxyl groups ; (ii) the oxidation of, 
acetylbarbaloin with chromic acid yields a mixture of acetylrheiri 
and acetylaloe-emodin ; (iii) rhein was shown to be a dihydroxy- 
anthraquinonecarhoxylic acid, and aloe-emodin the corresponding 
primary alcohol. At the time, it was considered probable that 
rhein was an isochrysazincarboxylic acid, but the further work of 
Robinson and Simonsen, in the publication of the results of which 
they were anticipated by other workers (Oesterle and co-workers. 
Arch. Pham., 1909, 247, 417, 532; 1911, 250, 305), showed that 
rhein (II) and aloe-emodin (III) are derivatives of chrysazin. 



This conclusion obviously necessitated a revision of the suggested 
constitution for barbaloin and it has only recently been possible to 
resume the investigation. In the meantime, Leger (inter alia, Ann. 
Ckim., 1916, 6, 318 ; 1917, 8, 265) has published the results of a 
prolonged investigation of the constitution of barbaloin and of 
other members of this group. He concludes that the composition 
of barbaloin is not C 16 H 18 0 7 with four hydroxyl groups but 
C 20 H 18 0 9 having five hydroxyl groups. Elementary analysis of 
either the parent substance or of certain of its simple derivative 
does not distinguish between these two formulas, and Leger was 
led to make the change by the important observation that when 
barbaloin is treated with aleohoHe hydrochloric acid under specified; 
conditions d-arabinose is formed in addition to aloe-emodin; : Hoi 
naturally concluded that barbaloin is the arabinoside of aloe-emodin 
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having the constitution (IV), although the actual position of attach- 
ment of the sugar residue was not definitely proved. 



The suggestion that barbaloin was a glucoside was not new, since 
Bochleder and Czumpelik (Monatsh., 1863, 44, 493; 1866, 47, 119) 
had observed the formation of a sugar in addition to a yellow crystal- 
line substance by the action of alcoholic hydrochloric acid on 
barbaloin : Tschirch and Pedersen {Arch. Pharm ., 1898, 236 , 
206), however, were unable to confirm this. L6ger conclusively 
proved that d-arabinose is formed when barbaloin is kept with 
alcoholic hydrochloric acid for a period of six months, and we have 
confirmed this. The rate of hydrolysis, if such it be, is extra- 
ordinarily slow and very little action appears to have taken place 
after a week’s continuous digestion, although the barbaloin is 
completely in solution. Leger also observed that aloe-emodin 
and d-arabinose are produced when barbaloin is oxidised with 
sodium peroxide. In this reaction the sodium peroxide must be 
assumed to act as a hydrolytic agent, although the yield of aloe- 
emodin does not exceed 9%. 

We have confirmed in all respects Leger s excellent experimental 
work, but it appears to us that there are a number of cogent reasons 
for doubting the correctness of the constitution he assigned to 
barbaloin. The more important of these may be summarised. As 
already mentioned, elementary analysis does not readily distinguish 
between the two formulae which have been suggested, and if the 
tendency for barbaloin to retain solvent of crystallisation be taken 
into consideration the differences between the carbon and hydrogen 
contents lie within the limits of experimental error (C 16 H 18 0 7 
requires C, 59-6; H, 5-6%. C 20 H 18 O 9 requires C, 59-7 ; H, 4*6%). 
Molecular-weight determinations have led to contradictory results.; 
By the eryoscopic method, using phenol as the solvent, Jowett and 
Potter obtained the value 310. On the other hand, Seel and 
Kelber (Ber. } 1916, 49, 2364) obtained the abnormal value of 197 
with phenol; by the ebullioseopic method, however, they obtained 
the average values of 408 with acetone and 440 with ethyl alcohol. 
Although the last-mentioned results support the C 20 formula, the; 
analytical data for the chloro- and bromo-barbaloins, which are 
highly crystalline and readily purified substances, agree much more 
doeely with the C 16 formula ; this is seen from the following 
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analytical results from the papers of Jowett and Potter and of 
L^ger : 


0/ P 
/O 

%H. 

% Cl. 

% Br. 

45*9 

3-4 

24-9, 25-1 


45*3 

3-1 

25-1 

' 

44*4 

2-6 

26-3 


34*1 

34-3 

33-4 

2*7 
- 2*7 

1-9 


42-9, 41-8, 43-1 
42-9 

44-6 


Chlorobarbaloin. 

Found 45.9 

Calc, for C 1S H 15 0 7 C 1 3 

Calc, for C 20 H 14 O 9 C 3 4 

Bromobarbaloin. 

Found 34-1 

Calc, for C 1Q H 15 0 7 Br 3 

Calc, for C 20 H 14 O 9 Br 4 

Jowett and Potter determined the molecular weight of the bromo- 
compound m phenol by the cryoseopic method and obtained the 
value 535 (C 16 H 15 0 7 Br 3 requires M, 559). 

- analytiCal fOT the bromo-compound 

(Found Br, 42-6%) in agreement with those of previous investi- 
gators : the compound can be recrystallised without change from 
pyndme and digested for a short time with diethylaniline ; further 
its acetyl derivative both before and after treatment with sodium’ 
acetate in alcoholic solution has the same composition agreeing with 
the C 1? formula. We are unable, therefore, to accept Leger’s 
suggestion that the marked deficiency in halogen content for the 
C 2? formula may be explained by the instability of the bromo- and 
chioro-compounds and their tendency to lose hydrogen halides 
Even more remarkable, in our opinion, is the resistance which 
barbaloin as a simple arabinoside shows to hydrolytic agents a 
property which is shared by bromobarbaloin. The latter can ’be 
heated in a sealed tube at 100° with alcoholic sulphuric acid (20°/ 
hy weight) without change. Again, barbaloin and its halogen 
derivatives dissolve in alkali, yielding bright yellow solutions : 
these would not be expected if the parent substance were a di- 
hydroxyanthraquinone glucoside with two free phenolic hydroxyl 
groups, since such substances give red solutions. 

We were therefore led to take up again the study of the chemistry 
of barbalom and the results so far obtained appear to indicate that 
JLeger s formula cannot be correct. 

The action of reducing agents on barbaloin was first investigated, 
but with unsatisfactory results. The alcohol cannot be reduced 
with hydrogen in the presence of platinum oxide* and on treatment 
with sodium and alcohol or with hydriodic acid and phosphorus 
it yields: bright red products resembling the phlobaphenes in pro- 
perties. Acetylation-reduction yielded a colourless gum which 
could not be purified. - 

^Results of a greater interest have been obtained from a detailed 
study of the bromination of barbaloin. It has long been known 

* We are indebted to Dr. H. King for carrying out this experiment. 
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that harbaloin on bromination with bromine water yields a bromo- 
barbaloin which is either tribromo- " or tetrabromo-barbaloin ac- 
cording as the C 16 or the ^20 formula be adopted. Leger prepared 
a second bromo-compound, by bromination in hydrobroroic acid 
solution, which differed completely in its properties from the ordinary 
bromobarbaloin and was considered by him to be the tribromide 
having the formula C 20 H 15 O 9 Br 3 . We have prepared this bromo- 
compound and confirmed its composition, but, on acetylation, 
contrary to expectation, it yields an amorphous hexa-acetyl and not 
a penta- acetyl derivative. The presence of six hydroxyl groups in 
this bromo-compound has been confirmed by the preparation of a 
ypentamethyl ether by methylation with methyl sulphate, and as 
this ether can be acetylated it still contains a hydroxyl group. The 
analytical data (see p. 559) appear to indicate also that a- methyl 
group is introduced into the nucleus, and the pentamethyl ether 
may therefore be formulated C 20 H 8 O 3 BrgMe(OH)(OMe) 5 . The 
introduction of a methyl group into the nucleus does not require 
comment at this stage, since it is not infrequently observed when 
methyl sulphate is employed as a methylating agent. 

; These results rendered necessary the careful investigation of 
ordinary, bromobarbaloin, which according to Leger is a tetrabromo- 
deiivative. The difference in physical properties of the two bromo- 
oompounds is very marked : the tribromo-eompound is very 
sparingly soluble and mierocrystalline, whereas the tetrabromo- 
compound is readily soluble and highly crystalline. This dif- 
ferentiation is much greater than that usually observed between 
tri- and tetra-bromo-derivatives. Our confirmation of the analytical 
results of previous workers for ordinaay bromobarbaloin has been 
supplemented by molecular- weight determinations kindly carried 
out by Dr. Sugden by a new ebullioseopic method which he will 
describe. With acetone as the solvent, the molecular weight was 
found to' be 538, in fair agreement with the calculated value 559 
(0 16 formula). When the bromo-compound is. acetylated with 
acetyl chloride, a tetra-acetyl derivative, which has been previously 
described, is obtained, but if acetic anhydride is employed a different 
derivative is formed. Although this is amorphous, the 
analytical data show conclusively that it must contain five acetyl 
groups. The presence of five hydroxyl groups in this bromo-com- 
pound was confirmed by the preparation of a pentainethyl ether. 
This, like the acetyl derivative, is amorphous, but the analytical 
results indicate clearly that its composition is 0 16 H 10 O 2 Br 3 (OMe) 5 . 

The result of the investigation of the bromo-compounds leads 
to the apparantly anomalous position that, whereas by brommation 
in aqueous sc|ution derivatives of a substance haying the composition 
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CigHigO? are obtained, bromination in the presence of hydrobroinic 
acid yields derivatives of a substance having the composition 
C 2 oHi 8 0 9 . It seems to us that these results can be reconciled only 
by assuming that the bromo-compound prepared in hydrobroinic 
acid is a true derivative of barbaloin. As suggested by Leger, 
barbaloin has, therefore, the composition- C 20 H 18 O 9 , but it contains 
not five but six hydroxyl groups, so the formula may be 
written as C 20 H 12 O 3 (OH) 6 and that of the tribromo-compound as 
^C^^B^OH) 6* 

With regard to the bromo-compound prepared in aqueous solution 
we suggest that it is an oxidation product formed by the loss of four 
carbon and two oxygen atoms and that it has the composition 
C 16 H 10 O 2 Br 3 (OH) 5 . The methods adopted for its preparation (by 
the action of bromine water) and for the preparation of the analogous 
chloro -compound * (potassium ehlorate and hydrochloric acid or 
chlorine in hydrochloric acid) are such as would readily permit of 
oxidation occurring simultaneously with halogenation, and the 
yields are very poor in both cases. The suggestion that the lower- 
melting bromo-compound is not a normal bromination product of 
barbaloin is supported indirectly: by a number of comparative 
experiments which we have carried out. We have been unable to 
prepare the bromo-compound except by the use of bromine water; 
bromination of barbaloin in acetic acid solution containing 
sodium acetate yields only the sparingly soluble bromo-compound, 
C^ 0 H 15 O 9 Br 3 , and in chloroform solution a substance resembling 
this in properties, but having a somewhat higher bromine content, 
is obtained. The last; substance requires further study, but we are 
of the opinion that it is probably a tetrabromo-derivative. 

To facilitate differentiation between these two bromo-derivatives, 
we suggest that the higher-melting compound, C 20 H 15 O 9 Br 3 , should 
be known as tribromobarbaloin, and the lower-melting derivative 
as tribrovnoiiorbarhabin. 

The only evidence which we have discovered directly at variance 
with the suggestion now made is the observation of Leger that 
tribromonorbarbaloin and trichloronorbarbaloin yield tetrabromo- 
and tetrachloro-aloe-emodin , respectively, on oxidation with sodium 
peroxide in alkaline solution. This reaction needs further investig- 
ation : it probably involves more complex changes than the simple 
hydrolysis required by Lager’s formula. This view is supported 
by the fact that we have not been able to oxidise either acetyltri- 
bromobarbaloin or acetyltribromonorbarbaloin to an anthraquinone 
derivative with chromic acid. . 

* We have prepared this chloro-compoxmd and its composKtioa'-" is 
C J6 H^ 5 0 7 C1 s . ' ' . 
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It is difficult to deter min e tow far the results of the molecular- 
weight dete rmina ti ons which Dr. Sugden has kindly carried out on 
tribromonorbarbaloin pentam.ethyl ether bear on the present 
problem. These gave the average value of 844, the calculated 
molecular weight being 629. As has been mentioned, the substance 
is amorphous and separates from its acetone solution as a gum; 
the results of the molecular-weight determinations, however, are 
very concordant. Tor the present, we are inclined to regard the 
results as abnormal and due to association. Tnbromobarbaloin 
itself is too sparingly soluble for molecular-weight determinations, 
but it is proposed to determine those of suitable derivatives. 

If the views now stated are correct, the constitutions of barbaloin 
and of the other aloins must be more complex than has hitherto 
been assumed. The experimental investigation is being developed 
in various directions and it should be mentioned that Dr. A. 
Robertson is studying the synthesis of glucosides of rhein and of 
aloe-emodin. 

Experimental. 

The barbaloin used throughout this work was purified by two 
crystallisations from ethyl alcohol and dried over sulphuric acid* 
It was free from isobarbaloin. 

Tribromobarbahin , C 20 H 15 O 9 Br 3 . — To a solution of barbaloin 
(5 g.) in hydrobromic acid {d 1*5; 25 c.c.) cooled to 0°, bromine 
(8 g.) in hydrobromic acid (25 c.c.) was gradually added. No 
appreciable rise of temperature took place and after 4 hours the 
mixture was kept at room temperature for 4 days. The mixture 
was poured on ice, and the voluminous yellow precipitate (5 g.) 
separated and dried in air. When this was mixed with hot aqueous 
alcohol (60%, 50 c.c.), a clear reddish-brown solution was obtained, 
and this, after being boiled for a few minutes, deposited a fine 
yellow crystalline solid (the filtrate. A, was reserved). The bromo- 
eompound was conveniently purified by extraction with acetone in 
a Soxhlet apparatus ; it then separated from the solution as a 
bright yellow powder. When slowly heated, the compound de- 
composed with vigorous evolution of gas at 291° after darkening at 
284° ; on rapid heating, it decomposed without previous change at 
296°. The compound is anhydrous and does not lose weight at 
110° (Found: C, 37*7; H, 3*0; Br, 37*8, 37*6. Calc, for 
C^x S 0*Br s : C, 37*5; H, 2*3 ; Br, 37*5%). 

Tribromobarbaloin is extremely sparingly soluble in all the 
ordinary organic solvents and insoluble in water. It dissolves in 
much formic acid or acetic acid and separates slowly from the 
solutions ; under these conditions, it appears to undergo some change, 
Aifie the melting point falls to 265°. It is readily soluble in mineral 
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acids, the solution in concentrated sulphuric acid being reddish- 
yellow and slightly fluorescent. It is not attacked by the latter 
reagent (50%) when heated for a short time, nor does it undergo 
any change when heated at 110° with a methyl-alcoholic solution of 
hydrogen bromide (3%) in a sealed tube. It is readily soluble in 
alkalis, yielding golden-yellow solutions. Its alcoholic solution 
gives with ferric chloride a deep reddish-brown coloration; this 
becomes paler on warming and the original deeper colour reappears 
on cooling. 

From the filtrate A, a small quantity of tribromonorbarbaloin 
was deposited on dilution with water. 

A cetyltribromobarbaloin , C 20 H 9 O 3 Br 3 (OAc) 6 . — The acetylation of 
tribromobarbaloin was investigated under various conditions, but 
a homogeneous product was obtained only by the following method. 
A solution of the bromo-compound (2 g.) in acetic anhydride (20 c.c.) 
to which two drops of sulphuric acid had been added was boiled for 
2 hours. The cooled reaction mixture was poured into water ; 
the heavy oil which was precipitated slowly solidified. The dried 
and finely powdered solid was purified by means of ligroin (b. p. 
60 — 80°), from which it separated as an almost colourless powder ; 
this was not definitely crystalline. It softened at 173° and melted 
at 185—187° to a yellow resin (Found : C, 434; H, 3-5 ; Br, 26 4. 
CggH^O^Brg requires C, 431 ; H, 3*0 ; Br, 26*9%). 

A cetyltribromobarbaloin is readily soluble in all the ordinary 
organic solvents with the exception of ligroin and cyclohexane. It 
is readily attacked by chromic acid in acetic acid-acetic anhydride 
solution/yielding an amorphous powder which is insoluble in alkali 
and has not been purified. 

Tribromobarbaloin Pentamethyl Ether. — Tribromobarbaloin in 
acetone was treated with potassium hydroxide solution (20%) and 
a large excess of methyl sulphate. The colourless oil that separated 
was converted into a flocculent solid when poured into water. The 
dried solid was triturated with ether, which left undissolved any 
partly methylated material ; on evaporation, the filtered extract 
gave the methyl ether as a gum. In two experiments a solid was 
obtained which crystallised in well-defined prisms; it was very 
sparingly soluble in ether and apparently free from halogen, but it 
was not obtained in quantity sufficient for identification* 

The pentamethyl ether separated as a colourless powder, 
m. p. 128 — 130°, when water was added to a solution in methyl 
alcohol-acetone [Found : G, 43*0; H, 4*0; Br, 33*3 ; OMe, 22*9. 
C 26 H 27 O s Br 3 requires C, 43*1 ; H, 3*7 ; Br, 33*2 ; (OMe) 5 , 214%]. 
It was somewhat sparingly soluble in methyl alcohoT and insoluble 
in ligroin and water, but readily soluble in ether, ethyl alcohol, 
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acetone, and ethyl acetate. It was only very slowly attacked by 
potassium permanganate in hot acetone solution. 

Acetyltribromobarbaloin Pentameikyl Ether , — When a solution of 
the preceding ether was treated with acetyl chloride, and the excess 
of acid chloride removed, the product obtained could not be freed 
from a red substance which was also formed. A pure product was, 
however, obtained by using acetic anhydride containing a few drops 
of pyridine. The acetyl derivative, a colourless powder, was purified 
by precipitation from its solution in methyl alcohol by water. It 
had m. p. 102 — 105° after softening at 90° and was readily soluble 
in all organic solvents except ligroin (Found : C, 44*1 ; H, 4*1 ; Br, 
31*4; Ac, 6*4. GggH^OioBrg requires C, .43*9; H, 3*8 ; Br, 31*4; 
Ac, 5*6%). 

Tribromonorbarbaloin, C 16 H 15 0 7 Br 3 . — This was prepared by the 
bromination of barbaloin with bromine water in the manner de- 
scribed in the literature. After crystallising from alcohol and 
drying under reduced pressure, it had m. p. 193—194°, sintering 
at 188° and decomposing at 223° (Found : Br, 42*6. Calc. : Br, 
42*9%). It can be recovered unchanged from its yellow solutions 
in alkalis on acidification. 

Acetylation of Tribromonorbarbalo in . — Tribromotetra-acetylnor- 
barbaloin, C 16 H 11 0 3 Br 3 (0Ac) 4 , was obtained when tribromonor- 
barbaloin was acetylated with acetyl chloride. After cryst al li sing 
from aqueous alcohol (70%), it had m. p. 137—139° (Found : Br, 
32*5; Ac, 24*0. Calc. : Br, 33*0; 4Ae, 23*7%). It was insoluble 
in cold alkalis, but was hydrolysed to the parent bromo-compound 
by alcoholic sulphuric acid. It yielded an amorphous, dark brown 
powder when oxidised with chromic acid in acetic acid-acetic 
anhydride solution. 

Tribromopenfa - acetylnorbarbaZom, C 16 H 10 O 2 Br 3 (OAc) 5 , was 
obtained when tribromonorbarbaloin was acetylated with acetic 
anhydride in the presence of sulphuric acid. It was sparingly 
soluble in cold aqueous alcohol (60%) and readily soluble in hot 
aqueous alcohol; from this solution it was deposited as an amor- 
phous, granular, yellow powder, m. p. 139 — 140°, softening at 128° 
(Found: 0, 40*5; H, 3*0; Br, 31*0. CggH^O^Brg requires C, 
40*6; H, 3*2; Br, 31*2%). 

Tribromonorbarbaioin Pentameikyl Ether , C 16 H 10 O 2 Br 3 (OMe) 5 . — 
Tribromonorbarbaloin was fully methylated only after two treat- 
ments with methyl sulphate and alkali in acetone solution. The 
ether, which separated as a colourless powder, m. p. 112—113° 
after softening at 101°, was readily soluble in organic solvents and 
waEhpurified by the careful addition of water to. its solution in acetic 
The white powder, m. p. 115—116°, obtained became yellow 
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on exposure to air. It was stable to potassium permanganate in 
acetone .solution. Two distinct preparations were analysed [Found : 
C, 39*5, 40*1 ; H, 3*6, 3*9 ; Br, 38*6, 37*8 ; OMe, 214. C 21 H 25 0 7 Br 3 
requires C, 40*0 ; H, 4*0; Br, 38*1 ; (OMe) 5 , . 24*6%]. 

The methyl ether cannot be reduced with zinc dust in the cold, 
but, on warming in acetic acid solution, bromine is eliminated, the 
product being an amorphous solid which has not been purified. The 
ether is insoluble in alkali, gives with nitric acid an intense purple* 
violet coloration and with sulphuric acid a deep purple, is somewhat 
readily attacked by potassium permanganate in acetone solution, 
and when oxidised with lead peroxide yields a substance which 
gives a green colour with sulphuric acid. . 

We desire to express our indebtedness to Messrs. Burroughs, 
Wellcome and Co, and to Dr. H. A. D. Jowett for generous gifts of 
material which have made this investigation possible. To Professor 
R. Robinson, F.R.S., we are also greatly indebted for the considerable 
help and suggestive criticism which he has freely given during the 
progress of the work. Part of the expense of the investigation has 
been met out of a grant from the Government Grant Committee of 
the Royal Society, which we gratefully acknowledge. 

Guy’s Hospital Medical School (University op London), 

London, S.E. 1. [ Received , February 19; th , 1930.] 


LXXIX .— The Action of Nitric Acid on Some 
Metals. 

By Ebnest Sydney Hedges, 

Investigation of the kinetics of the dissolution of metals in acids 
with evolution of hydrogen (compare Centnerszwer, Z. physikah 
Chem., 1929, A, 141, 297) has shown that the reactions involved 
are more complex than the simple electronic exchange often re- 
presented in text-books of electrochemistry. When nitric acid is 
the reagent, the numerous reduction products afford even greater 
complexity of reaction and the matter appears to have received 
less attention*' although it is of technical importance. 

Previous investigators (Acworth and Armstrong, J., 1877, 31, 60 ; 
Freer and Higley, Amer. Chem. J., 1899, 21, 377) have studied 
primarily the: gaseous products of reduction of nitric acid at various 
-concentrations by different metals (see -su m mary by Bancroft, 
J* Physical Chem., 1924, 28, 474)* Divers (J., 1883, 43, 465) 
classified metals into two groups in respect of their action on nitrie 
acid : copper, mercury, silver, and bismuth produce water, mlxous 
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acid, and the nitrate of the metal, whilst zinc, cadmium, magnesium, 
aluminium, lead, iron, and the alkali metals do not yield nitrous 
acid, but give ammonia and generally also hy droxylamine . One 
of these groups includes metals which do not disengage hydrogen 
from hydrochloric acid, and the other comprises metals which do so. 

For many years two rival theories have existed. According to 
one view, the first product of reaction of a metal such as copper 
with nitric acid is hydrogen, which, however, does not appear as 
such, but, being in the nascent state, reduces the nitric acid to a 
variety of reduction products depending on the conditions of re- 
action. In support of this, it is urged that free hydrogen is obtained 
when magnesium acts on very dilute nitric acid. Acworth and 
Armstrong (loc. cit.) incline to this view and write Cu + 2HN0 3 = 
Cu(N0 3 ) 2 + 2H to represent the first stage. Supporters of the 
other view regard the metal itself as the reducing agent and deny 
the production of hydrogen. 

In the present paper a study has been made of the influence of 
rotation on the rate of reaction of some metals with nitric acid, and 
the results show that these metals fall definitely into two groups, 
the members of which are respectively electronegative and electro- 
positive to hydrogen : the hydrogen theory probably holds for 
the first group and the oxidation theory for the second. 

Experimental. 

The experiments described below were suggested by the accidental 
observation that some nitric acid in which an immersed copper 
sheet had been rotating for some hours had not acquired a blue 
colour. It was then found that Veley (J. Soc. Chem. Ini,, 1889, 
8, 858; Phil. Trans., 1891, A, 182, 279) had already observed that 
a r ol l ing sphere of copper dissolved more slowly in nitric acid than 
a stationary sphere, and that the cause of the phenomenon was the 
removal of nitrous acid, which acts as an autocatalyst, from the 
surface of the dissolving metal. 

In the following experiments, metal sheet 1 mm. thick was cut 
into strips 7 cm. long, which were 1 cm. wide over a length of 4 cm. 
and 0*6 cm. wide over the remaining 3 cm. A length of 5 cm. of 
the strip was immersed in the acid, so that the immersed portion 
comprised all the 1 cm.-wide part and 1 cm. of the 0*6 cm. -wide 
part. By means of a small hole bored at the upper end, the strip 
was screwed to a nickel rod which could be rotated at speeds up to 
3000 r.p.m. by means of an electric motor. The reason for narrow- 
ing the upper portion of the strip was to reduce the area in contact 
with the liquid line where preferential corrosion occurs (Hedges, 
'■iff** 1^26, 831). The method is somewhat crude, but is probably 
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better than the more usual way of immersing the support in the 
acid and covering all except the desired portion with wax or some 
other protective coating : small quantities of such materials may 
exert a profound influence on the reaction (compare Hedges and 
Myers, J., 1924, 125, 604). All the nitric acid used was freed from 
nitrous acid by being warmed to 30° whilst a vigorous stream of air 
bubbles passed through it. The metals were cleaned by etching 
with nitric acid. The experiments were conducted in a thermostat 
at 30° and the loss of weight of the metal after 1 hour’s immersion 
was determined. In general, it was found that repetitions of the 
same experiment gave results agreeing within 3 — 4%, although 
occasionally larger discrepancies appeared. The figures given in 
the tables represent the mean of two results differing by not more 
than 5%. This degree of concordance is quite sufficient, since the 
changes studied are of a much higher order. 

Influence of Speed of Rotation on Rate of Dissolution . — (1) Copper 
in 25% * nitric acid . 

Speed (r.p.m.) ... 0 SO 100 180 360 450 

Lose of wt. (g.) ... 1*312 0*259 0*131 0*079 0*014 0*003 

The velocity of dissolution is greatly reduced by quite moderate 
rates of rotation, and at 450 r.p.m. has become exceedingly slow. 
The results indicate that the velocity of dissolution of copper in 
pure nitric acid is very low and that some product of the reaction 
which normally accumulates at the surface of the metal is an active 
catalyst. In the process of rotation, this catalyst is washed away 
from the surface as fast as it is formed, and consequently the reaction 
is slower than in the stationary state. If this explanation holds, 
it should be possible to increase greatly the velocity of dissolution 
of a rotating copper sheet by direct addition of the supposed catalytic 
reaction product to the nitric acid solution. For this purpose, 
experiments were conducted on the effect of adding nitrous acid (in 
the form of sodium nitrite) and copper nitrate at constant speed of 
rotation of the copper. The results are given below. 

Effect of adding sodium nitrite (constant speed 450 r.p.m.). 

Amt. added, % 0 0*1 0*5 

Loss of wt.' <g.) 0*003 0*171 0*622 

Effect of adding copper nitrate (constant speed 360 r.p.m.). 

Amt. added, %. 0 0*2 1*0 10 

Loss of wt. (g.) 0*014 0*004 0*004 0*007 

Evidently, in agreement with Yeley’s conclusions (loc. cit.) 9 
nitrous acid is the reaction product responsible for the high speed 
of reaction in the stationary state. Copper nitrate, even in relatively 

* Percentages relate to acid of d 1*42 (by vol.). 
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large amounts, did not increase the velocity of reaction, an observ- 
ation which is contrary to that of Rennie, Higgin, and Gooke (J., 
1908, 93, 1162), who state that the reaction is greatly accelerated 
by copper nitrate. These authors did not rotate the metal but 
stirred the liquid— an inefficient means of replenishing the layer of 
liquid in contact with the solid. 

(2) Silver in 25% nitric mid. 

At 450 r.p.m., with 

Stationary. At 450 r.p.m. 1% of ISTaN0 2 . 

Loss of. wt. (g.) 1-174 0-000 . 1*187 

Rotation of silver at 450 r.p.m. inhibited dissolution by nitric 
acid completely, and the solution gave no reaction for silver ions 
when tested with hydrochloric acid. Addition of 1% of sodium 
nitrite to the rotating system brought the velocity of dissolution to 
practically the same value as that of stationary silver. 

(3) Tin in 25% nitric ucid. * 

Stationary with 

Stationary. At 450 r.pjn. 1 % of KaN0 2 . 

Loss of wt. (g.) ...... 0-270 0-390 0-114 

(4) Zinc in 10% nitric acid . 

Stationary. At 450 r.p.m. 

Loss of wt. (g.) ...... 1*476 3-222 

(5) Magnesium in 5% nitric mid . 

Stationary with 

Stationary. At 450 r.p.m. 0-5% of NTaNO*. 

Loss of wt. (g.) 0-270 0-480 0-240 

The results for tin, zinc, and magnesium show a striking difference 
from those for copper and silver. The rate of dissolution is increased 
when the metal is rotated, and nitrous acid has no accelerating 
effect; indeed, substitution of nitrous acid for some of the nitric 
acid reduces the velocity of dissolution of tin. 

Further Examination of the Copper-Nitric Acid System.— Veley 
(toe. cit.) found that copper did not dissolve in dilute nitric acid 
containing a substance such as urea which could destroy the nitrous 
acid as fast as it is formed. The author’s experiments confirmed 
this observation, but also showed that copper dissolves readily in 
concentrated nitric acid even when saturated with urea, and that 
dissolution started in the dilute solutions on gentle warming. In 
the following experiments, concentrated nitric acid (d 1*42) was 
saturated with urea, and the solution diluted with distilled water 
in the proportion stated ; 5 c.e. of the mixture were put into a test- 
immersed in a large beaker containing water, the temperature 
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of which was raised by 1° per minnte. A small piece of copper was 

dropped into the mixture at 25°. 

HN0 3 -CH 4 0N 2 

HA 


mixture, e.e. 

e.e. 

Result. 

5 : 

— • 

Immediate dissolution. 

4 

1 

» 99 

3 

2 

Dissolution after 2 — 3 secs. 

2 

3 

Dissolution after 5 sees. ; reaction stopped by shak- 
ing tube. 

1*5 

3-5 

No reaction at 25°; reaction starts at 27°, and 
ceases if temp, is decreased. 

1 

4 

As in preceding case, but 37° is now the critical 
temperature. 


Similar phenomena were observed when hydrogen peroxide dr 
potassium permanganate was added to remove the nitrous acid, 
and the results indicate that these reagents are in general less 
effective than rapid stirring in removing the nitrous acid. In the 
more concentrated solutions at 25°, and in dilute solutions of nitric 
acid at higher temperatures, nitrous acid is produced by the re- 
ducing action of copper at a rate greater than that at which urea or 
hydrogen peroxide can react with it. 

This conclusion made it of interest to determine whether a con- 
siderably higher speed of rotation could prevent the dissolution of 
copper by concentrated nitric acid [d 1-42), and it was found that, 
although the reaction could not be stopped, its velocity was greatly 
reduced. For this purpose, a piece of copper foil 1 cm. x 1 cm. X 
0*01 cm. was pierced and suspended by a glass hook which was 
lowered into ah empty beaker and rotated at 2000 r.p.m. Con- 
centrated nitric acid was then poured into the beaker. At rest, a 
piece of metal of these dimensions dissolved completely in the acid 
in less than 30 seconds, but when it was rotated at 2000 r.p.m., 
after an interval of about 6 mins, (during which the solution 
developed a green colour) the foil always left the hook, being still 
partly undissolved. The piece of copper left had a black skin and 
appeared to be passive, dissolving in the acid extremely slowly even 
when at rest. Some specimens were not completely dissolved 
after 60 mins. An interesting behaviour was observed when one 
of these specimens was removed from the nitric acid and allowed 
to drain. After a few seconds, momentary effervescence appeared 
on the surface, the black film disappeared, and the metal was found 
to have lost its passivity towards nitric acid. This behaviour re- 
sembles exactly that of electrolytic iron which has been rendered 
passive by concentrated nitric %cid, removed, and allowed to drain; 
(Evans, J., 1927, 1020). Evans considers that the phenomenon^ik 
caused by the tendency of the protective film to leave the metaN 
liquid interface and collect at the air-liquid interface. . ' - ' 
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These results suggest that, in the absence of nitrous acid, nitric 
acid produces a protective oxide film on copper, which is thus 
rendered passive in a similar way to the well-known action of con- 
centrated nitric acid on iron. The black film mentioned above 
resembled that observed by the author on copper which had been 
rendered passive by immersion in concentrated nitric acid at —11° 
(J., 1928, 975). 

The Anodic Dissolution of Copper in Nitric Acid . — The dissolution 
of a copper anode in nitric acid is also affected greatly by the presence 
of nitrous acid. For example, during passage of a current of 50 
milliamps. for 1 hour, a stationary anode lost 0*790 g. of copper, 
but when rotated at 400 r.p.m. it lost only 0*270 g. ; when 2% of 
sodium nitrite was added, however, it lost 1*408 g. 

In the following experiments, a rotating anode of the type pre- 
viously described {J., 1927, 1028) was used, the cathode was of 
platinum foil, and the anode and cathode compartments were 
separated by means of a porous pot. The experiments were con- 
ducted in 25% nitric acid at 30 c . The following table shows the 
loss of weight of the anode both when stationary and when rotated 
at 400 r.p.m. at various current densities. The last column gives 
the loss of weight to be expected in accordance with Faraday's law. 


Current, . — 

milliamps. Stationary. 
0 1*312 

25 1*158 

50 0*790 

100 1*000 

500 1*314 


Loss of weight, g. 


At 400 r.p.m. Calc. 

0*01 0*000 

0*096 0*592 

0*270 1*185 

0*280 2*369 

0*586 11*848 


It will be observed that in every case the rotating anode dissolves 
more slowly than the stationary anode, although at the higher 
current densities the difference is relatively less. At 25 milliamps. 
the loss is about twice as great as that calculated from Faraday's 
law, which means that much of the dissolution is controlled by 
local short-circuited electrolytic cells in the metal, the electrical 
energy of which is not registered on the external circuit. At higher 
current densities the loss is much less than that required by this 
law, the discrepancy increasing with the intensity of the .current. 
In these cases, evolution of gas at the anode was observed, so that 
only a portion of the electrical energy is involved in the form- 
ation of cupric ions. Thus it appears that copper readily becomes 
passive, though incompletely * so, umder anodic polarisation, and 
the more readily so in absence of nitrous acid. At the end of the 
experiments, these electrodes had a black or grey film over their 
surface. 
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Difference of Potential betiveen Stationary and Rotating Copper 
Anodes. — The difference of electropotential between the electrodes 
and a reference normal calomel electrode was measured by a static 
method, the measuring instrument being a string electrometer. 
The method was similar to that already described (J., 1927, 1077). 
The measurements were carried out both with stationary and with 
rotating (400 r.p.m.) electrodes, over the C.D. range 5 — 50 milli- 
amps./cm 2 ., and throughout this range the rotating electrode was 
positive (noble) to the stationary electrode by 0*16 volt. This 
result is in the direction to be expected from the presence of an 
oxide film on the rotating electrode. 

j Discussion. 

The metals investigated fall into two classes accordingly as the 
velocity of dissolution in nitric acid is increased or decreased by 
rotation. The presence of nitrous acid does not appreciably affect 
the rate of dissolution of members of the first group, but it acceler- 
ates very greatly that of metals of the second group. These groups 
are coincident with those of Divers (loc. cit.) } who used as a basis of 
classification the nature of the reduction products. Members of 
the first group are electronegative to hydrogen, and those of the 
second group are electropositive. 

The electronegative metals can normally displace hydrogen from 
acids and their behaviour provides no reason to doubt that they 
initially displace hydrogen from nitric acid ; the hydrogen reduces 
the nitric acid to oxides of nitrogen and sometimes to ammonia 
and hydroxylamine. When the nitric acid is extremely dilute, 
hydrogen can be obtained in the free state by the dissolution of 
magnesium. 

On the other hand, there is no a priori reason why the second 
group, consisting of electropositive metals, should displace hydrogen 
from nitric acid, since they do not do so from other acids. 

The passivity phenomena observed when copper is rotated in 
concentrated nitric acid, the observations on the anodic dissolution 
of copper, the difference of potential between stationary and rotating 
copper electrodes, and the formation of visible black films on the 
copper all suggest that an oxide film is formed on copper by the 
action of nitric acid. There is also the fact that nitrous acid is 
produced and accelerates the reaction; part of this acid reacts 
with the copper oxide, for, particularly in the early stages, the 
soluble product contains green copper nitrite as well as the blue 
copper nitrate, and part of it is decomposed to oxides of nitrogen; 
which are the gases evolved. 
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The suggested reactions may be represented thus : 

(1) Cu -f HN0 3 = CuO + HN0 2 ; 

(2) (a) CuO + 2HN0 2 = Cu(M) 2 ) 2 + H 2 0 ; 

(bj CuO + 2HN0 3 = Cu(N0 3 ) 2 + H 2 0 ; 

(3) Cu(N0 2 ) 2 + 2HN0 3 - Cu(N0 3 ) 2 + 2HN0 2 ; 

(4) (a) 3HN0 2 = HN0 3 + 2NO + H 2 0; 

(b) HM> 2 + HNO s = 2NO a + H 2 0. 

In dilute acid 4 (a) gives nitric oxide as the main product, whilst 
in concentrated acid 4 (b) preponderates and the main gaseous 
product is nitrogen peroxide : a mixture is usually produced. 

If, by rotation or by addition of such a substance as urea, the 
nitrous acid formed in (1) can be removed continuously, the metal 
becomes covered with a film of copper oxide and dissolves only 
slowly. Nitrous acid may be said to “ activate ” the copper, perhaps 
in the same way that chlorine ions activate passive iron. In any 
case, the mechanism of this process of activation is not clear, but in 
some way the activating agent appears to loosen the protective film. 

The theory outlined above supposes that cupric oxide can afford 
a sufficient degree of protection to the underlying metal, although 
ordinarily this substance is readily soluble in nitric acid. To test 
this point, some rough experiments were carried out on the rate of 
* dissolution in nitric acid of samples of cupric oxide prepared in 
different ways. The method was to add 1 g. of the powdered oxide 
to 100 c.c. of 25 % nitric acid, which was efficiently stirred at a 
constant rate by means of a glass stirrer, and to note the time taken 
for complete dissolution. An ordinary commercial sample dis- 
solved in 3 mins. A sample prepared from copper sulphate by 
precipitation with sodium hydroxide and ignition of the residue 
was completely dissolved in 5 mins. A sample prepared by igniting 
cupric nitrate was incompletely dissolved after 60 mins. It is 
possible, therefore, for a form of cupric oxide to be sufficiently 
resistant to nitric acid to form a poorly protective film of the type 
required. The fact that the films are sufficiently thick to be easily 
visible is an indication of the low degree of protection afforded 
compared with that of the oxide film on passive iron. As fast as 
the relatively porous cupric oxide fil m is dissolved it is repaired by 
the nitric acid. \ 

Thus, nitric acid appears to oxidise copper and silver super- 
ficially, causing them to become passive, and the action of nitrous 
acid, both on the ordinary chemical reaction and on the anodic 
dissolution, may be described as one of “ activation,” though in 
what way it removes the protective film is not at present under- 
stood. 
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Although in the dissolution of electronegative metals in dilute 
nitric acid the displacement of hydrogen appears to be the first 
reaction, in concentrated acid the oxidation reaction may pre- 
ponderate. Tin and iron form two excellent illustrations. Tin 
dissolves in dilute nitric acid, giving stannous nitrate, and the 
hydrogen reduces the nitric acid mainly to ammonia; in concen- 
trated nitric acid a hydrated stannic oxide is produced, but 
has not the requisite physical properties for forming a good pro- 
tective coating. Similarly, iron dissolves readily in dilute nitric 
acid, but in concentrated nitric acid receives a thin film of ferric 
oxide which protects it from further action, and the iron is said to 
be passive. 

Summary. 

The rate of dissolution of copper and of silver in nitric acid is 
decreased and can be almost prevented by rotation of the metal : 
the cause of this phenomenon is that nitrous acid (one of the products 
of reaction) is not allowed to accumulate at the metal surface. 
Direct addition of nitrous acid causes the rotating metal to dissolve 
rapidly. On the other hand, tin, zinc, and magnesium dissolve 
more rapidly in dilute nitric acid when rotated, and nitrous acid 
has no accelerating effect. Copper which has been rotated rapidly 
in concentrated nitric acid acquires a black film and becomes 
“ passive ” towards nitric acid, dissolving slowly even when sub- 
sequently at rest : it shows passivity phenomena in other respects. 
A copper anode also dissolves more slowly in nitric acid when ro- 
tated than when at rest for a given current density, but addition 
of nitrous acid accelerates the rate of dissolution. A rotating 
copper anode is electropositive by 0*16 volt to a stationary copper 
anode. The results suggest that the first action of nitric acid on 
copper or silver is one of oxidation, forming an oxide film which 
prevents further rapid attack, i.e., the metal becomes passive; 
nitrous acid acts as an activating agent. The initial product of 
reaction of tin, zinc, or magnesium with dilute nitric acid is probably 
hydrogen. The results are discussed in relation to the passivity 
of iron. 

The author is indebted to the Chemical Society and the Trustees 
of the Dixon Fund of the University of London for grants which 
have assisted this work. 

Bedford College (University of London), 

Regent’s Park, N.W. 1. [Received, February 11th, 1930.] 
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LXXX . — The Measurement of the Dielectric Constants 
of Organic Liquids. 

By Alfred Owens Ball. 

The interest aroused within recent years in the measurement of 
dielectric constants of liquids has been caused not only by the 
extension of accurate conductivity measurements to non- aqueous 
solutions and the development of the Debye-Hiickel theory of 
strong electrolytes, but also by the use of the values of this property 
for determining dipole moments. In both eases a demand has 
been created for simple and rapid routine methods of proved 
accuracy and for trustworthy data relating to a few standard 
liquids for calibration purposes. These requirements can be satis- 
fied in the case of good insulators, for which the heterodyne method 
is probably the best and simplest (Herweg, Verh. deut. physical. 
Ges 1919, 21, 27 2; Z. Physik , 1920, 3, 36; Whiddington, Proc. 
Camb, Phil. Soc 1921, 20, 445; Griitzmacher, Z. Physik , 1924, 
28, 342) and for which benzene may be used for calibration purposes 
on the basis of the work of Hartshorn {Proc, Roy . Soc,, 1929, A, 
123, 664). In the case of liquids which are not good insulators, 
however, the author is of the opinion that, although the resonance 
methods (including, as a special type, the heterodyne method) are 
simpler in operation, they are more likely to be affected by small 
and unsuspected errors due to conductivity than are the alternating- 
current bridge methods. Also, there appears to be no liquid 
possessing any appreciable conductivity for which really concordant 
results have been recorded, and the discrepancies may be attribut- 
able to any of the following causes : (1) experimental errors of the 
operator ; (2) errors inherent in the method employed, these errors 
being possibly a function of the conductivity and of the frequency 
at which the determination is made; and (3) a real variation in 
the dielectric constant with the frequency. 

The work described in the present paper was originally com- 
menced in order to determine the dielectric constants of a few 
organic liquids with a view to correlation with conductivity measure- 
ments made in these laboratories (Philip and Oakley, on nitro- 
methane, J., 1924, 125, 1189; Martin, on benzonitrile, J., 1928, 
3270). In view of the considerations outlined above, however, it 
was decided to attempt to determine the dielectric constants of a 
few standard liquids over a range of frequency and temperature by 
means of an alternating-current bridge. This method has the 
further advantage over the resonance method that it is more con- 
venient for absolute measurements when no calibrating liquid is 
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available (see p. 582). It was also intended to use these same liquids 
to compare the results afforded by the bridge method and one or 
more resonance methods at a constant high frequency. The results 
of using this method at audible frequencies are now recorded. 


Alternating -current Bridge Systems. 

An alternating-current bridge may be used to determine the 
impedance operator of a system in the same maimer as a direct- 
current bridge is employed to determine resistance. A theoretically 
perfect capacity of magnitude C has an impedance operator ~j /&C } 
where j = V^T, and if an alternating potential is applied to it, 
the current vector will lead the voltage vector by 7 c/2. In practice, 
however, owing to conductance of current through the medium, or 
absorption, or resistance of plates and contacts, the angle of lead is 
less, and the impedance operator cannot be represented in this way . 

It is very important to emphasise the equivalence of capacity 
and resistance circuits to an imperfect condenser. The condenser 
is determined as its impedance operator, that is to say (in theory), 
as the quotient of the vector of the current carried by the vector 
of the voltage applied. Let the numerical value so found- be 


a ~r bj. Now a capacity C x and a resistance 12 j in series have an 
impedance operator B 1 + and if this he put identically equal 


to the value a + bj, the two resultant expressions obtained by 
equating the real and the imaginary terms can be solved for C\ 
and B v Further, a capacity C 2 and a resistance H 2 in parallel 


have an impedance operator YfB +j^C 9 and again unique 

values of C 2 and R 2 can be found which will make this expression 
assume the value a -j- bj. On the other hand, however, the imped- 
ance operator of a circuit consisting of a capacity and shunt resist- 


ance together with another resistance in series will involve three 


constants, and any number of solutions may therefore be obtained 
which will give it the value a + bj. That is to say, if a given 
imperfect condenser really consists of a capacity with resistances 
both in series and in parallel, it is impossible to determine the 
capacity simply by measuring the ipapedanee operator of the whole 
system. Such a case as this might be imagined as one in which 
there was a conductance leak between the plates of the condenser, 
together with a terminal or contact resistance. The important 
point is that, from the impedance operator of a condenser, it is only 
possible to calculate values of two capacities, such that either the 
one, together with a resistance in parallel, or the other, with a 
resistance in series, will have an impedance operator identical Mth 
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that of the condenser in question- It is customary to term the 
resistances in these two cases the <fi equivalent shunt resistance ” 
and the “ equivalent series resistance ” respectively, but it must 
not be forgotten that the corresponding capacity values are also 
merely cc equivalent/ 5 and that neither can definitely be said to be 
the true capacity involved unless information is available regarding 
the internal physical structure of the system. 

It is important, therefore, to consider the type of condenser to 
be measured, and to ascertain whether it approximates sufficiently 
closely to one or other of the above systems for the capacity values 
deduced thereby to be valid. Now, the great majority of organic 
liquids possess, even when highly purified, an appreciable conduc- 
tivity, and the most serious imperfection in the condenser is the 
consequent (relatively) low shunt resistance. If, then, there is any 
further resistance in series, the equivalent shunt capacity of the 
system will not be equal to the actual capacity, the error involved 
being easily calculated in the following manner. 

Suppose the condenser consists of a capacity G 1 in parallel with 
a resistance R v both being in series with another resistance R 2 . 


Then its impedance operator will be Z 1 — R 2 J r \ j(Jg- + 

This condenser is now to be assumed equivalent to a system con- 
sisting of capacity and resistance in parallel. Let this capacity and 
resistance be C and R respectively, in which case the impedance 


operator is Z — 1 


(i + “ c )- 


Since the two systems are equivalent, 


Z and Z 1 must have the same value, and hence after equating the 
two expressions the following solutions are obtained for the 
equivalent shunt resistance R and the equivalent shunt capacity C : 


» (j*i + iy 2 + vwjitjRf 
( R 1 + 1*2) + < 

c- 

“ (2*i + i? 2 ) 2 + 


Now, the dimensions of the condensers used in this work are such 
that, with a representative liquid, the capacity and shunt resistance 
are of the order of 0*001 microfarad and 10 4 ohms respectively. 
Under these conditions, and for a frequency of 1000, the term 
uPG^R^R^ will be negligible compared with (R x + R 2 ) 2 provided 
that R 2 is small, and in that case 

C = = °i( 1 “ If) ( a PP rox ->- 

From this it appears that it is justifiable to regard the experi- 
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mental condenser as consisting of a capacity and a resistance in 
parallel, but only provided that the internal resistance of plates 
and contacts, together with the resistance effects due to absorption, 
is sufficiently small. It is shown later (p. 588) that this condition 
is satisfied by the dielectric containers in use. 

Returning now to alternating-current bridge measurements, it is 
seen that a method is required that will permit of the measurement 
of a capacity of the order of 0*001 microfarad when shunted by a 
resistance varying down to less than 10,000 ohms, i.e., a condenser 
of very large loss angle. The simplest way of determining a pure 
capacity by an alternating-current bridge is that of De Sautig, 
adapted for alternating current by Wien (Ann. Physih , 1891, 44 , 
697), in which two condensers are balanced against two resistances. 
But in this system no allowance is made for the difference in power 
factor of the condensers being compared, and, in consequence, the 
minima obtained are very flat, and indeed in many cases impossible 
of detection. 

Of the methods that have been suggested to correct for this 
difference in power factor, it is only proposed to consider the parallel 
resistance method, first elaborated by Nemst (Z. physihal. Chem 
1894, 14 , 622) and Turner (ibid., 1900, 35 , 385), and subsequently 
used by Philip (ibid., 1897, 24 , 18), Linebarger (ibid., 1896, 20 , 
131), Tangl (Ann. Physih, 1903, 10 , 748, 1903), Richards and Shipley 
(J. Amer. Chem. Soc., 1919, 41 , 2002), King and Patrick (ibid., 
1921, 43 , 1835), Grimm and Patrick (ibid., 1923, 45 , 2794), and 
Harris (J., 1925, 127 , 1049). The procedure is usually to introduce 
the experimental condenser into the first arm of the bridge and 
then to restore balance by adjustment of a standard condenser and 
a compensating shunt resistance in the second arm. It must be 
emphasised, however, that in the case of condensers of very large 
loss angle this method is subject to certain inaccuracies, because the 
full bridge system is that shown in Fig. 1. The capacities C z and 
<? 4 across the ratio arms HI and IV are due (i) to the residual 
capacity of the component resistances and their connecting leads, 
and (ii) to the earth capacities from the detector points if the 
Monasch earth point is used (Electrician, 1907, 59, 416, 460, 504). 
Now the balance equations for this system are C X E Z = CJEt^ + 
Waft - OJBi) and l/R^ - 1/fi^ =o> 2 - C 2 C Z ) ; if it 

is balanced first with R 1 and R 2 large, C X R Z = Cy? 4 ; and if the 
experimental condenser C x is then introduced across arm I and the 
new reading of C x is C x \ then (< 0 x + C X )R Z = Cy? 4 + R^(C Z !R % — 
CJRi), and therefore C x = (C x - C t ') + I? 4 (C 8 /B 2 - CJR X ). At 
balance, R x and R % are approximately equal, and in the bridge used 
R Z ~R^~ 1000 ohms. 
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In the extreme case when B 1 approaches the value 10 4 , it is evident 
that the measured value of C x will be in error by one-tenth of 
the difference C z — C4, and if the earth capacities from the detector 
points are involved in this quantity by the use of the Monasch 
device, the error may be considerable. But even if the Wagner 
earth point is used, it is impossible to be absolutely certain that 
the residuals in the ratio arms III and IV are equal, and, moreover, 
inductance effects constitute an equally likely source of error. It 


Fig. 1. 



is advisable, therefore, that B x andi? 2 should be maintained constant 
during the course of a measurement, and the condenser completely 
determined by substitution in arm I of the bridge. That is to say, 
a system is set up such that arm I consists of a capacity and resis- 
tance in parallel, the capacity being greater and the resistance less 
than the equivalent shunt capacity and resistance of the experi- 
mental condenser, which is then inserted across this arm, and 
balance is restored by adjustment of the capacity and resistance 
in this same arm only. 

It should be noted also that the Monasch earth device is quite 
definitely an approximation, and is valid only when the impedance 
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of the capacity arms I and II is large compared with that of the 
ratio ar ms III and IV. Since this condition does not hold in the 
present work, the Wagner method of correcting for earth capacities 
has been used throughout (Elekt. Z ., 1911, 32 , 1001; 1912, 33 , 
635). 

The Compensating Resistances. 

The chief requirement of the compensating resistance is that its 
residual capacity (and inductance) should be constant over the 
range of operations — which, in the case of the present work, is 
from a few thousand ohms upwards. Wire resistances of known 
residuals were not, unfortunately, available, and the Nernst-Turner 
types of liquid resistance were not entirely satisfactory over the 
lower part of the range, owing, first, to heating effects of the current, 
and secondly, to capacity changes which were by no means negligible 
even when the electrodes were heavily platinised to reduce the 
polarisation capacity. At first, attempts were made to calibrate 
for these residuals by means of a platinum-film resistance, but 
eventually the main substitution was effected by means of a carbon- 
film resistance, one of the liquid resistances being retained in parallel 
merely for purposes of fine adjustment. The carbon film used 
consisted simply of a thick line drawn on a piece of ground glass 
with an ordinary black-lead pencil, contact being established over 
any required length of the film by two amalgamated copper wires 
dipping into small drops of mercury. Provided that the film and 
mercury contacts are freshly prepared and quite clean, the resistance 
thus obtained is perfectly definite over a considerable length of time. 
If is further necessary to provide a distance control for the resistance, 
and the system used is shown in Fig. 2. A and B are wire electrodes 
heavily platinised, and C is a solid glass rod controlled from a dis- 
tance by a cord passing over a pulley. By adjusting the position of 
A in the narrow tube D the total resistance of the cell can be made 
large compared with the effective resistance of the whole arm of the 
bridge with which it is placed in parallel, and thus the movement of 
the plunger in the wide limb E can be made to afford as fine an 
adjustment as is required. The electrolyte is the usual solution 
containing boric acid and mannitol (Magnanini, Z. physikal. Chem ., 
1890, 6, 58; Nemst, ibid., 1894, 14, 631). This resistance is always 
in circuit, and the electrode A is not moved during the course of a 
measurement. It is only necessary, therefore, to ascertain whether 
the movement of the plunger causes any change in the residual 
capacity of the system. This was done by rebalancing the bridge 
a number of times, the setting of the auxiliary liquid resistance 
being altered very slightly each time over a part of its range for 
which it was known to have no residual error. The position of the 
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plunger for balance was thus different each time, but even when 
the electrode A occupied its minimum position during the test (and 
hence carried the maximum current) no change in the capacity 
reading of the bridge could be detected. This determination was 
made especially because it was thought probable that polarisation 

Fig. 2. Fig. 3. 




capacities might be set up owing to the small area of the wire 
electrodes. 

The Standard Condenser and Measuring Systems . 

As previously shown, the measurement of the capacity of a con- 
denser filled with a liquid of relatively high conductivity is only 
possible by means of a substitution method, both the capacity and 
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the resistance being substituted in the same arm of the bridge. It 
has also been noted already that, since the dielectric constant is a 
ratio, it is not necessary to know the capacity of the dielectric con- 
tainer in absolute units, and hence the only requirement of the 
measuring system is that equal intervals on the scale should corre- 
spond to equal capacity changes. Since, however, this is an ideal 
to which practical systems can only be made to approximate, it is 
necessary that the appropriate calibration corrections be determined, 
and applied to every reading. 

The standard measuring instrument available for the present 
work was a Sullivan variable air condenser, having a total range of 
about 1200 ptpj. farad. The scale was divided into 180° and was 
fitted with a vernier reading directly to tenths, and permitting a 
rough estimate of the second decimal place by means of a lens. It 
may be noted that, except in the case of liquids of high conductivity, 
the sharpness of the bridge setting always exceeded the accuracy 
with which the condenser scale could be read. 

Now, a convenient value of the air capacity of a condenser of the 
Sayce and Briscoe type as used was found to be of the order of 
50 fxjx farad EE 7°, and this could therefore be determined with 
an accuracy of at most 1 %, this error being consequently involved 
in all subsequent dielectric measurements. Since it was desired to 
reach an ultimate accuracy of at least 0*2%, it was necessary to 
use either a larger capacity or a more open scale. The former was 
found to be impracticable with the type of condenser in use, and a 
measuring system was therefore set up similar to that suggested by 
Hartshorn (Proc. Physical Soc., 1924, 36, 399). The standard 
variable air condenser C 1 was placed in parallel with a fixed mica 
condenser C 2 , both being in series with another fixed mica condenser 
63. C 2 and C z were made by Sullivans and had nominal capacity 
values of 0*002 microfarad and 0*00175 microfarad EE 290° and 250° 
respectively. These condensers were guaranteed constant in 
capacity and power factor and of very small temperature coefficient, 
and in use they gave complete satisfaction. 

The system constructed in this manner has a much more open 
scale than the standard condenser alone, but the relation between 
the capacity of the system and the scale reading of the standard is 
non-linear. The capacity of the system is C = (C T r + C 2 )C z j 
(C 1 + C 2 + C z ), and for a straight-line relationship to hold between 
C and C x it would be necessary that C t should be negligibly small 
in comparison with C 2 and but in this case not only does the net 
capacity of the system become inconveniently large, but the. degree 
of constancy required of the fixed condensers will be correspondingly 
greater. It was therefore decided to use the system as described 
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and to perform the calibration in the following manner. A small 
constant capacity of about 2*5° was measured over successive por- 
tions of the scale of C v the actual scale differences ranging from 
about 14° to 20V Each particular scale reading C x was then 
reduced to the corresponding (approx im ate) value of C by the 
formula C = 250 (€ 1 + 290) /(C^ + 290 + 250), the nominal values 
of C 2 and C 3 being used, and since the reduced scale differences so 
obtained were then found to be constant to a first approximation* 
it was possible to draw up an ordinary calibration curve showing 
the correction to be applied at any point on the reduced scale. To 
demonstrate the order of accuracy attainable in this way, a series 
of 16 measurements was made on the air capacity of one of the 
dielectric containers. It was found that, excluding one reading 
(8*335) which was probably due to an error of observation, the values 
ranged between 8*299 and 8*323, with a mean of 8*310. It is cer- 
tainly safe to ascribe an error of less than 0*01° to the arithmetic 
mean, i.e., an error of about 0*1%. 

The measuring system as elaborated in this way gave a total 
capacity variation of about 25° corresponding to the complete range 
of C v Since the dielectric containers had an air capacity of about 
6 — 8°, it is evident that, for the determination of dielectric constants 
above 3, the scale had to be extended by the customary device of 
placing one or more small fixed condensers in parallel with the whole 
measuring system, so that their capacity could he added to the 
latter when required. The condensers used each consisted of a 
small glass tube about 10 cm. long and 1 cm. in diameter sealed off 
at the lower end and held in position inside a larger tube filled with 
mercury. Into the inner tube was also placed some mercury (the 
quantity depending on the magnitude of the capacity required) so 
that the level was below that in the outer, thus minimising the effect 
of any slight displacement. A condenser with a. glass dielectric in 
this manner has of course a definite temperature coefficient, and a 
small power factor : the former was controlled in practice by main- 
taining the room at a fairly constant temperature and cheeking the 
capacity value before and after each series of measurements ; the 
latter was of no importance since it is only the effective shunt capacity 
of the condenser which enters into consideration. 

The method of connexion adopted for these condensers should 
be noted. The mercury in the outer tube served as a shield, and 
was kept permanently connected to the screen terminal of the 
standard condenser, while contact was established between the 
other terminal and the mercury in the inner tube by a length of 
quill tubing filled with mercury and having a platinum wire sealed 
through the lower extremity. The condenser Was inserted into 
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the measuring circuit when required by depressing a copper wire in 
the quill tubing, and thus, since the shield was permanently in circuit, 
the change of capacity on making contact was maintained constant 
and independent of any external effects. 

The scale of the measuring system as extended in this way was 
about 50°, thus enabling liquids to be dealt with up to a dielectric 
constant of about 6, and the question then arose as to the advis- 
ability of extending it by more fixed condensers so that it covered 
the range up to s = 40. The accuracy of the results ob taina ble 
however, is governed (see p. 577) by the accuracy with which the 
air capacity can be determined, and since this is subject to an error 
of about 0-1%, there is no need to determine any other capacity to 
a much greater accuracy than this. Now a liquid of dielectric 
constant 6 will afford a capacity of about 40°, and since such a 
capacity can be determined by direct comparison with the standard 
condenser to within ± 0-05°, it is evident that there will be no loss 
of accuracy in determining the liquids of higher dielectric constant 
m this way. It is necessary, however, to know the numerical 
relation between the two measuring systems, and this was found in 
the following manner. If measurements are made on a number 
of condensers (all having a capacity of about 40°) with system I a 
series of capacity readings C v C 2 , C 3 , etc., will be obtained which 
are all proportional to the absolute magnitude of the capacities 
concerned, the constant of proportionality being K. Similar ly, if 
the same condensers are measured on system II (i.e., by direct 
substitution against the standard air condenser) a series of . values 
b,i , o 2 ,y z , etc., will be obtained with a proportionality constant IT 
Then CJC^' = CJC 2 = C s /C s ' . . . = KjK\ KjK' being the 
conversion factor between the two systems. 

nJw th ® “ determining C is about 0-1%, and in C about 
V" /o ’ 411(1 the followm g table gives an indication of the accuracy 
of the mean value of the ratio KJK'. The actual capacities measured 
were the three dielectric containers filled with appropriate liquids 
rs indicated. . 


25° 


G 1 

W 


Condenser. 
* I 
II 
HI 
I 
II 
III 

n 
m 

i 
i 
i 


{ 


liquid. 

CHC1, 


CMe 8 Et-OH 


C,HjCl 

CHC1, 

CMe 8 Et-OH 


Table I. 


O. 

c\ 

39-200 

40*26 

28-128 

28*90 

37-501 

38*56 

49-273 

50*63 

35-352 

36*33 

47-164 

48*44 

33-723 

• 34*65 

44-905 

46*15 

43-083 

44*25 

67-949 

69*60 

43-304 

44*52 


KIK'. 

1-0271 

1-0276 

1-0282 

1-0276 

1-0278 

1-0271 

1-0275 

1-0277 

1-0271 

(1-0243) 

1-0280 

Mean 1-0276 ' 
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The discrepancy observed for condenser I filled with dimethyl- 
ethyl carbinol at 0° is possibly due to the abnormally large tem- 
perature coefficient of the liquid at this point. The dielectric 
constant is 5*94 at 25° and 8*16 at 0°, so the error in the value 
1*0248 could be caused by about 0*1° difference in the temperature 
of the cell when measured on the two systems. 

The relation between these two measuring systems S x and S 2 
having been obtained, the air capacity of each dielectric container 
can now be evaluated in terms of S 2 by multiplying the value as 
determined on S x by the conversion factor. For instance, the air 
capacity of condenser X in terms of Sj is 8*311 i 0*005, and since 
the conversion factor is 1*0276 zk 0*0003, the value on the scale 
of S 2 will be 8*531 ± 0*008. As measured directly on the scale of 
S 2 , however, it is found to be 8*54 -t 0*03, and hence the increase 
in accuracy that has been obtained is obvious. 

In conclusion, it must be observed that with an air capacity of 
8°, the standard condenser will only cover the range of dielectric 
constant up to about 20, and therefore the scale was extended by 
means of auxiliary fixed condensers in just the same manner as was 
done for the system S-j. In this case, however, two Sullivan mica 
condensers were used of the same type as those described previously 
and of nominal value 0*001 and 0*002 microfarad respectively, and 
this extended scale was capable of dealing with dielectric constants 
up to 60. The method of connexion of these auxiliary condensers 
was the same as that noted previously, the screen terminal of each 
being kept permanently in circuit, and connexion being made as 
required by means of small mercury cups connected to the other 
terminals. 

The Experimental Condenser. 

The satisfactory design of the dielectric container is difficult, and 
probably most of the discrepancies occurring in the literature are 
to be attributed to errors in this respect. The essential features of 
an ideal condenser may be summarised thus (compare Hartshorn, 
loc. cit .) : 

1. Its volume capacity should be reasonably small, since many 
of the organic liquids requiring investigation are expensive and 
difficult to prepare in bulk. 

2. The electrostatic capacity should be as large as possible in 
order to secure the maximum accuracy of which the measuring 
system is capable. 

3. It must be mechanically rigid, so that it may be handled without 
fear of any displacement of the conducting system and consequent 
alteration in capacity. 

4. It must be easily cleaned and dried. 
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5. It must permit of accurate temperature control, and (of 
somewhat less importance) should be of such shape that it acquires 
the temperature of the thermostat fairly rapidly. 

6. In this work, one other condition has been added that is not 

always required, viz., that the condenser should be an absolute one, 
i.e it should afford direct proportionality between dielectric constant 
and measured capacity. This point needs explanation. Imagine 
the ideal case of two conductors placed in a vacuum at an infinite 
distance from all other conductors. If their capacity could be 
determined and then the whole of the surrounding space filled with 
some medium of dielectric constant s, the capacity would be increased 
accurately in the ratio e : 1. The same would hold good of two 
conductors within a closed conducting shield : the measured 
capacity would be C 12 + 2/(^1 + G 2 ), ^here C 12 is the inter- 

capacity between the conductors, and C x and C 2 are the capacities 
between each conductor and the shield separately, and then, pro- 
vided the whole of the space within the shield were filled with the 
medium concerned, not only C 12 but also C 1 and C 2 — and hence the 
effective measured capacity — would be proportional to the dielec- 
tric constant. If, however, the medium does not fill the whole 
space, this exact proportionality will no longer hold. 

In practice this ideal case cannot be realised owing, first, to the 
leads which have to pass outside the shield to the measuring system, 
and secondly, to the need of some mechanical support which will 
fix the two conductors in a rigid position relative to each other and 
to the screen. It is possible, however, to overcome the difficulty 
of the leads by arranging that they make and break contact at the 
surface of the conductor by means of a very small movement, so 
that if they are of thin wire and pass through correspondingly small 
apertures in the shield, the change in their own capacity when contact 
is made becomes* vanishingly small compared with the capacity 
being measured. It is quite a different matter with the second 
defect. Obviously no system can be devised which shall have no 
solid dielectric at any part of the field of force, although it is possible 
to dispose the solid in such a way that it only influences the shield 
capacities and does not intercept any of the lines of force between 
the two conductors. If in such a case measurements are made so 
that C 12 , C x , and C 2 can all be found individually (Giebe and Zick- 
ner, Arch. Elekt ., 1922, 11, 109 ; Hartshorn, Proc. Physical Soc., 
1924, 36, 399) and the lead correction is eliminated as above, the 
values of C 12 thus found will be directly and accurately proportional 
to the dielectric constant of the medium, just as in the preceding 
hypothetical cases. It is at this point, however, that one great 
merit of the bridge method becomes apparent, viz., that by means 
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of the Wagner or Monasch earth device, these shield capacities can 
be eliminated, so that one measurement is sufficient to determine 
C 12 , as opposed to the three which are required by the other method. 
This represents not only a certain increase in accuracy, but a con- 
siderable saving in time, even in the case of the dual setting 
necessitated by the Wagner arm. 

An alternative way of obtaining direct proportionality between 
measured capacity and dielectric constant is to deter min e a virtual 
capacity. This was the method adopted by Kemst for his absolute 
dielectric-constant determinations (Z. physikal. Chem*> 1894, 14, 
634). 

The virtual condenser method is not, however, well suited for 
routine determinations since, not only has the condenser to be filled 
and emptied a number of times for each determination, but also the 
use of four capacity readings instead of two to calculate the dielectric 
constant increases the probable error. On the other hand, the 
design of an absolute condenser has usually been achieved only at 
the expense of using a large volume of liquid. The majority of 
workers have therefore favoured some kind of relative condenser 
which can be calibrated in terms of liquids of known dieleetric 
constants. ■ 

Consider the system discussed previously of two conductors 
within a closed conducting shield, and let us suppose this time that 
some part of the space is filled with a solid dielectric. Then, in 
general, any elementary tube of force from one conductor to the 
other will pass partly through a vacuum and partly through the 
solid, and the total element of capacity between the conductors 
due to this tube will be the series addition product of these portions. 
That is, if A C r and AC, represent the capacities due to vacuum 
elements and solid elements, respectively, the total contribution 
made to the capacity of the system by this tube of force will be 

l/(s — -f Let this be written as 1 /Q- + The total 

capacity between the conductors will then be c x = El If- + 

the summation being performed over all the tubes of force. If now 
a liquid of dielectric constant e is introduced, it may be assumed as 
a first approximation that the shape of the field of force remains 

unaltered, and the new capacity will be C x = SI / ( — + — Y The 

validity of this assumption will be examined later. 

For the purposes of measurement it is necessary to express e as 
a function of c 1 and C x , but it is evident that in this general case 
^fchere is no deducible relationship. There are two cases, however. 
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in which a simplification is practicable. (1) If the term due to c s 

vanishes throughout the summation we have C-, = 1/S— or 

1 ec v 

C} = s x constant, corresponding to the . case of an absolute 
condenser already discussed. (2) If either c v or. c s vanishes for 
each individual term of the summation, 

; / ^ = a /t;|)+W (s) : - ; ’ ' 

, . = s 

thus affording a simple linear relation between e and C v This 
evidently means that such a linear relationship holds if , and only 
if, each tube of force passes through only one medium; If the lines 
of force pass at any point from the solid to the liquid, it will not be 
possible to write G 1 = Az + B, where A and B are constants depend- 
ing only on the geometrical configuration of the system and the 
dielectric constant of the solid medium. The importance of this 
limitation was definitely recognised by Nemst (Z. physikal . Chem 
1894, 14, 633), although subsequent workers have sometimes 
ignored it. 

The majority of routine measurements by previous investigators 
have been made with condensers for which the capacity has been 
assumed to be a linear function of the dielectric constant, i.e., 
C = zc v + c $9 the calibration constants c v and c s being determined 
from the air capacity and the capacity when filled with some liquid 
of known , dielectric constant. This method suffers from certain 
drawbacks in our present state of knowledge. First, in view of the 
limitations under which strict proportionality between measured 
capacity and dielectric constant has been shown to exist, it does 
not appear very satisfactory to use only one liquid for calibration 
purposes over the whole range. Theoretically, the calibration 
should be performed with a number of liquids such that the range 
of dielectric constant to be investigated is covered fairly uniformly, 
and if then it is found that the capacity values so determined are 
lineally related to the corresponding known dielectric constants it 
will be permissible to equate the dielectric constant of any other 
liquid to (C — c s )/c v * Otherwise, an attempt may be made to 
represent the results by some empirical expression containing more 
than two constants, or the capacity may be plotted against the 
dielectric constant, and the value for any unknown liquid read off 
from the graph. But here the second drawback to this relative 
condenser method makes itself felt. Not only are there too few 
liquids of accurately known dielectric constant to show whether 
strict linear relationship does hold or not, but it is evident that. 
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even if it does, the accuracy of the results obtained can never 
exceed that assumed for the calibrating liquids. 

It was pointed out by Hartshorn (loc. cit.) in his work on benzene 
that the obvious criteria to be satisfied by such calibrating liquids 
are stability, ease and certainty of purification, reasonable cheap- 
ness, and (most important) fairly low conductivity, and the number 
of liquids satisfying these conditions is extremely limited. There 
are a few from about 2 to 2*5, of which benzene is undoubtedly the 
best; over the higher ranges, however, apart from chloroform (5), 
pyridine (12), and nitrobenzene (35), the author has failed to find 
any which have not some serious drawback to their use as calibrating 
standards. 

Table II gives the results (corrected to 0°, 25°, and 50°) obtained 
by some of the previous workers for benzene, chloroform, and 
nitrobenzene. 

Table II. 

Benzene. 



25°. 50°. 


25°. 

50°, 

Nernst 

2* 22 

Grafiunder 

.. 2*268 

2*219 

Drude 


Grutzmaeher 

. 2*277 

2*224 

Turner 

2*274 

Meyer 

. 2*234 

2*197 

Tangl 

............ 2*274 2*223 

Sayce and Briscoe .. 

. 2*240 


Errera 

2*26 

Harris 

. 2-248 


Isnardi 

2*268 . 2*221 

Hartshorn 

. 2*273 

2*223 


Chloroform. 

Nitrobenzene. 



0°. 25°. 

50°. 

25°. 

50°. 

Nernst 

5*08 

Turner 

. 35-0 


Drude . 

4*80 

Errera 

. 32*6 


Turner 

5*05 

Jezewski 

, 34*3 

30*0 

Tangl , 


4*37 Meyer 

. 32*3 

28*4 

Isnardi 

5-25 4-77 

4*37 Lange 

. 36*5 


Grutzmaeher... 4*95 

4*59 Harris 

. 34*1 


Meyer . 


4*24 



Harris . 

4*64 





References. — Nernst, Z. physikal. Chem., 1894, 14 , 622; Drude, ibid., 1897, 
23 , 269; Turner, ibid., 1900, 35 , 385; Tangl, Ann. Physik, 1903, 10 , 748; 
Errera, J . Physique, 1922, 3 , 401 ; Jezewski, ibid., p. 293; Isnardi, Z. Physik , 
1922, 9, 153; Graffunder, Ann . Physik , 1923, 70 , 225; Grutzmaeher, Z. 
Physik, 1924, 28 , 342 ; Meyer, Ami. Physik, 1924, 75 , 801 ; Sayee and Briscoe, 
J., 1925, 127 , 315; Lange, Z. Physik, 1925, 33, 169; Harris, J., 1925, 127 , 
1049; Hartshorn, Proc. Roy . Soc., 1929, A , 123 , 664. 

In view of these discordant results it was obviously necessary to 
use some type of absolute condenser for the present work, and it 
was found that they fall into two main classes : (1) the virtual 
capacity type referred to previously ; (2) condensers in which 
some attempt has been made to ensure that the whole of the lines 
of force giving rise to the measured capacity pass through the 
homogeneous medium. In general it is by no means apparent that 
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the condensers used by such workers as Griitzmacher, Graff under, 
Isnardi, or Jezewski were strictly absolute, and although in the 
absence of detailed dimensions it is difficult to discuss the probable 
magnitude of the deviation, the author is of the opinion that the 
greater part of the above discrepancies are to be attributed to this 
cause, together with the closely allied error introduced by the leads. 

For reasons already stated, it was decided to exclude virtual 
capacity condensers from the scheme of the present work. Some 
time was spent initially with parallel-plate condensers, but satis- 
factory results were not obtained. Eventually it was decided to 
adopt the design first introduced by Sayce and Briscoe (loc: cit.) as 
a basis for further work. Three modifications were constructed, of 
which the first was uncorrected for the end effect, and the second 
and third had two. completely different devices for eliminating this 
error. 

Condensers. — Condenser I (Fig. 3). This consisted essentially of 
two concentric glass tubes sealed one within the other, the inner 
surface of the outer and the outer surface of the inner being silvered 
over the straight portion of each so that the annular space between 
them served as the dielectric container. The outer tube was 
22 mm. in diameter and the air gap was about 1 mm. Contact 
with the silver film was made by platinum wires sealed through the 
walls into side tubes A and B ; it should be noted that for good 
contact these wires must be sealed on to the walls again at some 
other point besides that at which they pass through into the side 
tube. Silvering was performed as follows. The lower internal 
seal was first coated with paraffin wax by drawing up through the 
tube C a mixture of equal parts of wax and xylene at about 60°. 
After a few moments, the hot liquid was allowed to drain away 
leaving a film which, when cold, successfully resists the attack of 
the silvering solution. The latter was introduced in the same 
manner, at least three layers were deposited, and the condenser 
was washed by drawing through it a rapid current of distilled water. 
It was then dried, and the paraffin wax removed with warm xylene, 
the tube B being subsequently sealed off. 

This cell has the advantage that the water of the thermostat can 
circulate through the inner cylinder via openings C and D, and 
extremely rapid and efficient temperature control can therefore be 
maintained. 

Lead capacities and method of shielding. In normal use the con- 
denser is sunk in a thermostat so that the water level comes to 
within about 2 cm. of the taps. Imagine that it is immersed in a 
silvering bath to this level so that a metallic film is deposited, hot 
only round the body of the cell, but also round the glass tubes down 
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which the leads pass to the mercury contacts. In these circum- 
stances the following capacities will come into play : (I) the 
capacity between the two silver films on each side of the annular 
space; (2) the capacity between each film and the shielding film 
through the glass wall: (3) the capacity of each platinum mercury 
contact with the shield ; (4) the capacity of each copper lead with 
the shielding film around the glass side tubes; (5) the capacity 
between the leads over the length from the shielded tubes to the 
point at which they are connected to the bridge system. If now 
the screen is earthed and the bridge balanced by means of the 
Wagner earth point in the usual manner, capacities 2, 3, and 4 will 
not be measured, and the only capacity in circuit will be C 1 + C s . 
Suppose now the leads to be raised in the side tubes so that they 
just do not make contact with the mercury. The capacity in 

circuit will then be C 5 't 1 -r £7 + ^r), where C a and C b 

respectively are the small capacities between the leads and the 
mercury contacts. C 1 is large compared with C a or C bi and to a 
first approximation these may be assumed equal, so that the capacity 
in circuit may be written G s ' + C a /2. Now this capacity G a 
across the broken contact will fall off fairly rapidly as the degree of 
separation increases, and by making actual measurements on the 
capacity between a similar lead and the surface of mercury in a 
small U-tube, it was shown that with a 1-cm. gap the capacity 
could not be detected. Further the change from C 5 to C$ due to 
this I cm. increase in the length of the lead between the cell and 
the bridge is also much less than can be detected — the leads being 
about 10 cm. apart. 

The change that occurs on separating the leads from the mercury 
contacts by about 1 cm. affords therefore an accurate measure of 
the capacity. 

This result has been arrived at by assuming a metallic shield 
around the outside of the dielectric cell. It is found in practice, 
however, that identical results are obtained whether an earthed 
screen is provided, or whether the cell is merely placed in the water 
of the thermostat, and the latter earthed. Tap water has a suffi- 
ciently high conductivity from this point of view for it to be regarded 
as a conductor and not as an insulator. 

The end effect. It is true that in this cell there is no solid dielectric 
at any point between the two films which constitute the plates of 
the condenser (referred to subsequently as the condenser films), 
but there is sufficient uncertainty regarding the distribution of the 
field at the extremities to prevent its being regarded a priori as a 
satisfactory form of absolute condenser; it appears possible that 
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some of the lines of force may bend round so that they pass not 
only through the dielectric medium but also through the glass walls, 
although in view of the earthed shield on the other side of each 
wall, this error is not likely to be large. Condensers XI and III 


Fig. 4. Fig. 5. 



were therefore constructed with a view to eliminating this possibility 
entirely. 

Condenser II (Fig. 4). In this cell the two glass cylinders corre- 
sponding to those in condenser I were sealed together at the top 
only, the outer being drawn off at the bottom to a fairly wide-bare 
capillary. About 8 cm. below the seal, another intermediate cylinder 
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was joined as shown, and this had a small hole indicated at D. 
The annular space below the point F at which this cylinder termin- 
ates was about 10 cm. long with an air gap of 1 mm. Silvering 
solution was poured into the side tube E until it filled the whole cell 
to the level of the platinum contact C, a large air bubble, however, 
being trapped between the inner cylinder and the intermediate one 
above the hole in the latter. The inside of the inner cylinder was 
also silvered up to the level of the contact C. The contacts A and 
B were connected to the bridge in the usual manner, and C was kept 
permanently earthed. 

It is evident that the capacity being measured between the 
contacts A and B is constituted solely by the field between the 
condenser films below F, i.e.> the end effect in condenser I has here 
become divided in two between the earthed film and each con- 
denser film respectively, and these earth capacities are, of course, 
not measured. In other words, the whole of the lines of force giving 
rise to the capacity between A and B pass through the lower annular 
space only. This contains an absolutely homogeneous medium and 
the only points at which distortion of the field can occur due to the 
dielectric constant of the medium are the extremities of the two 
condenser films — and these are too remote for there to be any effect 
on the field at F. 

If this view is correct, the measured capacity should be independent 
of the level of the liquid filling the cell provided it rises at least 1 cm. 
or so above the point F. This was tested and found to hold even 
for liquids of high dielectric constant. 

Condenser III (Fig. 5). In this cell the end effect is eliminated, 
not by an earthed cylinder intermediate between the extremities of 
the two condenser films, but by two earthed cylinders placed above 
and concentric with them, in such a way that the air gap is as small 
as possible. In other respects the construction was similar to the 
two preceding cells. Silvering solution was poured into the side 
tube D until it rose in the annular space to the point E. After 
deposition of the silver had been completed, the condenser was 
inverted and another film was deposited from the side tube F 
up to the annular space so that there was only about 1 mm. gap 
between it and the previous film. A and B were the contacts 
connected to the bridge and C was earthed. For measuring 
purposes, the level of the liquid in the side tube was adjusted 
until it had risen at least 1 cm. above the point E. 

Two other errors may arise through faulty condenser design, viz., 
(a) the aeries resistance error discussed on p. 572, and (b) polaris- 
ation capacities. 

(a) For the investigation of the first, condenser I was silvered 
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without a preliminary treatment with paraffin wax, so that the 
silver film was continuous between the contacts A and B, and the 
resistance between these points was then measured and found to be 
about 7 ohms for one deposit of silver, 4 ohms for two, and 2 ohms 
for three. It was evident that the terminal or contact resistance 
was small, and that the effective series resistance was that due to 
the internal resistance of the films. 

Measurements were also made on condensers II and III, by pouring 
in a quantity of saturated potassium chloride solution so that the 
condenser film s were short-circuited at the bottom; in each ease 
the resistance (for three layer deposits) was about 2 ohms. 

Now, of the liquids for which accurate results are quoted subse- 
quently, nitrobenzene had the highest conductivity, and the equiv- 
alent shunt resistance of the condensers was therefore a minimum 
when filled with this at 80°, the actual value being about 5000 ohms. 
Hence (see p. 572), the error caused by a 2-ohm series resistance was 
less than 0-1%, and at lower temperatures and for other liquids it 
was, of course, still smaller. 

(b) The possibility of an error due to polarisation capacities was 
investigated in the case of the liquids of higher conductivity by 
varying the intensity of the oscillator output, and hence the current 
density through the cell, over at least a five-fold range. No change 
in the measured capacity was detected. 

Apparatus and Procedure. 

The Generator — The triode valve oscillator has now completely 
supplanted the older types of generator, not only by reason of its 
ease of manipulation, but by virtue of the purity of wave form 
obtainable. The actual instrument used was made by Cambridge 
& Paul. It had a variable capacity unit, by means of which the 
frequency could be varied between 100 and 5000, and also 3 secondary 
windings which permitted of the output intensity being varied 
within fairly wide limits. Satisfactory results were obtained either 
with an R, valve, or a dull emitter valve, or (if more power was 
required) with a valve of the LS5 type. In general, however, with 
liquids of any appreciable conductivity, it was found much better 
to reduce the intensity as far as possible in order to minimise heating 
effects in the bridge. 

The Detector . — A 1000-ohm Brown telephone was used, but since 
it was found that a low output from the oscillator did not give 
sufficient sensitivity, a two-valve amplifying circuit was introduced 
between the bridge and the telephone. The components used were 
two D.E.L. 410 valves and a Marconi Ideal Transformer of ratio 
4 : 1 ; this amply intensified the effect, but the quality of the note 
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suffered considerably from the introduction of harmonics. These, 
however, were almost entirely eliminated by shunting the telephone 
with a condenser of suitable value to by-pass the notes of higher 
frequency. Too large a capacity will begin to reduce the intensity 
of the fundamental, and an optimum value was sought at which 
the selective reduction of the overtones was a maximum. For a 
fundamental note of 1000 frequency, a 0*15 microfarad capacity 
gave satisfactory working. 

Bridge Components . — The ratio arms were two Sullivan 1000-ohm 
non-reactive coils guaranteed equal to each other to within 0*01%. 
The standard condenser (see p. 577} was fitted with a wooden arm 
so that it could be controlled from a distance of 8 or 9 feet. The 
capacity in the second arm of the bridge required to balance that 
in the measuring arm was made up by a 0*001 microfarad Dubilier 
variable air condenser, together with two fixed mica condensers of 
0*001 and 0*002 microfarad capacity respectively. The compens- 
ating resistances were as previously described (p. 575). 

The Wagner Earth-point System . — This system (referred to subse- 
quently as the Wagner arms) was constructed in the case of liquids 
of low conductivity to imitate the main bridge system, i.e., one arm 
consisted of a 1000-ohm fixed resistance, and the ‘other of a variable 
capacity shunted by a variable liquid resistance. In the case of 
liquids of higher conductivity, it was found preferable to make the 
total impedance of the Wagner arms large compared with that of 
the bridge, and hence a fixed 0*01 microfarad condenser was used 
in one arm, while a variable wire resistance (max. 10,000 ohms) in 
series with a variable condenser (max. 1 microfarad) constituted the 
second. It is, of course, not necessary that the Wagner arm com- 
ponents should be of the same degree of perfection as those used 
in the main bridge system. 

Bridge Set-up . — The oscillator was placed about 8 feet from the 
nearest bridge component and was surrounded by an earthed 
screen, while the amplifier was similarly screened and placed about 
6 feet away on the further side of the bridge, the observer being 
situated just beyond. Connexion between the oscillator, bridge, 
and amplifier was made by means of armoured flex, the shea||jL; 
being earthed. All the bridge component shields were conne^ff 
to one or other of the oscillator points, and were mounted on Hocks 
of paraffin wax. 

It wa&found that the bridge was reasonably free from external 
ii&wmgmr-in- particular the balance point was independent of the 
observers position provided he did not approach to within less 
than 2 feet, and the capacity balance could often be accurately 
reproduced oyer a period of hours. Direct action from the oscillator 
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was negligible, reversal of the connexions to either the bridge or 
telephone terminals causing no change in the balance point. 

Temperature Control. — A gas-heated thermostat was used for 
temperatures above 18°, and maintained constant to within ± 0*02°. 
Temperatures below 18° were suitably controlled by using a bath 
of large volume insulated with felt, and by working at a temperature 
within a few degrees of that of the room, the latter also being 
maintained as constant as possible. Under these conditions, the 
thermometer reading could be kept within 0*05° over at least \ hour. 
The bath at 0° was maintained with tap water and ice (p. 586), the 
exact temperature being observed on a thermometer. In a number 
of cases the results quoted have been reduced to even temperatures 
by using the appropriate temperature coefficient, but such correc- 
tions were not used for differences of more than |°. The ther- 
mometer was calibrated against another standardised at the N.P.L. 

Method of Measurement. — The following scheme was adopted 
systematically for all the measurements recorded. The bridge and 
Wagner arms were first set to approximate balance with the con- 
denser to be determined in circuit, and since, with practice, this 
could be done fairly accurately, the need for a. large number of 
successive adjustments was avoided. The current was then switched 
on, each balance corrected to a minimum, and then an accurate 
bridge balance made from a distance. The standard condenser was 
set at least twice (once from each direction), and it was usually 
found (except in the case of liquids of high conductivity) that these 
readings agreed as closely as could be observed on the vernier. 
The experimental condenser was removed from circuit, the bridge 
rebalanced as before, only the measuring system and compensating 
resistances in the same arm being altered, and finally the condenser 
was re-connected and the original balance checked to make sure 
that no shift in the bridge reading had occurred. 

It should be noted that a definite displacement of the Wagner 
arms by an amount considerably greater than the sensitivity of 
their balance makes no perceptible difference to the bridge reading. 

Results. . , 

(1) Inter comparison of the Dielectric Containers. — Table III 
gives the dielectric constants of a number of liquids as determined 
at 25° in the three cells described previously. The values are 
quoted only for the purpose of showing the relationship between 
these condensers, and are not necessarily (except in the case of 
benzene) to be taken as accurate data for the liquids in question, 
sfeee no special purification wm undertaken beyond that necessary 
to obtain a reasonably low conductivity, i.e.; less than 1(H. The 
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reproducibility of the results was checked throughout by making 
two distinct sets of observations on each condenser after emptying 
and refilling it. As an example, the capacities on the second 
measuring system for the mixture of toluene and amyl alcohol in 
condenser III were : 


1st Series 86*61 

2nd Series 86*61 


86*60 86*63 \ 

86*62 86*58 / Mean 86 61 


The air capacities of all three condensers on S 1 were : 



Number of 

Condenser. 

observations. 

I 

15 

II 

16 

III 

14 


Bange of 

observations. Mean. 

8*299 — 8*323 8*310 

5*952 — 5*969 5*956 

7*920 — 7*945 7*933 


Hence the dielectric constant for this mixture relative to air was 
86-61/7-933 X 1-0276 = 10-626. 

Table HI. 

Air = 1. Benzene = 1. 


I. II. III. I. H. III. 

Hexane 1-910 1*911 1*914 0*8414 0*8409 0*8414 

Benzene 2*270 2*273 2*275 — — — 

Acetal 3*790 3*795 3*800 1*670 1*670 1*670 

Chloroform 4*717 4*723 4*728 2*078 2*078 2*078 

Dimethylethvlcarbinol 5*929 5-936 5*946 2*612 2*612 2*615 

Toluene-amvl alcohol 

mixture 10*577 10*615 10*626 4*654 4*670 4*670 

alcohol 17*88 17*95 17*98 7*874 7*901 7*905 

o-Nitrotoluene ............ 26*54 26*69 — 11*69 11*74 — 

Nitrobenzene 34*76 34*88 34*92 15*32 15*35 15*35 


The dielectric constants relative to air (Table IH) show that 
condensers n and IH are in fair agreement, the latter affording 
results consistently high by about 0-1 — 0-15%, and that the results 
given by condenser I are distinctly low — by about 0-5% over the 
upper range. 

For the dielectric constants relative to benzene, the agreement 
between condensers H and HI is extremely good, and hence it 
appeared probable that the discrepancy between them on the air 
basis might be due to an error in the air capacity determination of 
one of them. The benzene measurements were therefore repeated 
with two samples of specially purified material, and the resets 
obtained were : 


Sample. 

Condenser. 

Capacity. 

€• 

A 

H 

13*536 

2*273 

B 

II 

13*534 

2*273 

A 

IH 

18*048 

2*275 

B 

IH 

18*043 

2*275 


These values were then taken as standard, and the dielectric con- 
stant of benzene at 25° assumed to be 2-273 (Hartshorn, Proc. Boy. 
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Soc., 1929, A, 123 , 664) ; the air capacities calculated on this basis 
were 5*955 and 7*939. 

The agreement between observed and calculated values is exact 
in the case of condenser II, and for condenser III the difference 
is less than 0*1%, the calculated value falling well within the range 
of observations. This discrepancy is too small to justify any con- 
clusions being drawn, and the values calculated from the benzene 
capacities are therefore taken as standard; on this basis, both 
condensers II and III afford direct proportionality (within 0*1%) 
between dielectric constant and measured capacity. 

Thus, these two condensers, which have different devices for 
eliminating the end effect, afford concordant results over the whole 
scale investigated, within the limits of experimental error. Con- 
denser I, however, which is uncorrected for the end effect, does not 
agree with them over the whole range either with air or with benzene 
as unity. Further comment on the discrepancies shown by Con- 
denser I is postponed, but it is claimed that both Condensers II and 
III are free from errors due to the end effect. 

It was also necessary to consider the temperature variation of 
these condensers. It may be assumed that the silver film expands 
at the same rate as the glass, and if the coefficient of expansion of 
glass is taken as 10 -5 , a change of 100° will only produce 0*1% 
change in the dimensions of the cell. Further, such change as does 
occur will increase the area of the plates and also the distance between 
them, and these two effects will tend to neutralise each other with 
regard to capacity changes. It is to be expected, therefore, that 
the change in capacity over 100° range should be too small to 
be detected, and this is borne out by the following results. 

In the first place the air capacities of condensers I and II were 
measured at 0°, 25°, and 80°, the mean values being : 


0°. 25°. 80°. 

Condenser I 8*309 8*311 8*308 

Condenser II 5*952 5*956 5*957 


Secondly, the benzene capacities for the first condenser were 
measured at 25° and 50°, and the air capacities calculated on this 
basis, assuming the dielectric constant of benzene to be 2*273 at 
25° and 2*223 at 50° (Hartshorn, loc. cit.), are 8*303 and 8*302 
respectively. 

It is concluded, therefore, that this type of dielectric container 
has no appreciable temperature coefficient of capacity, and for the 
purpose of the next section the air capacities have been assumed 
to be 

n. III. 

Measuring system S x 5*955 7*939 

S 2 6*119 8*158 
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Purification of benzene . The first of the samples referred to above 
had been purified by Harris (J., 1925, 127 , 1063) for dielectric- 
constant determinations. It had been standing over sodium wire 
in the meanwhile, and was distilled once before use. The second 
sample was purified by the author from A.R. benzene by Richards 
and Shipley’s method (J. Amer. Chem. Soc., 1914, 36, 1825). 

(2) The Dielectric Constants of Certain Purified Liquids at 0 — 80°. 
— (a) Standard liquids at 25°. Benzene. The results obtained for 
two samples of specially purified benzene have been summarised 
on p. 592. They were subject to a probable error of about 0*1% on 
the air-capacity determination, and of 0*05% on the benzene, thus 
affording a mean value of 2*274 ± 0*004 : the figure 2*2725 ± 0-0005 
which has been accepted from Hartshorn’s work (loc. cit.) lies well 
within these limits. 

Chloroform. Three samples of different origin (one from B.D.H. 
and two from Hopkin and Williams) were purified by the same 
method. Each was shaken for 15 minutes with concentrated 
sulphuric acid, washed twice with dilute sodium hydroxide solution 
and five times with water, dried over ignited potassium carbonate, 
and fractionated until a main fraction was obtained boiling within 
less than 0-1°. This was kept over calcium chloride in a dark 
cupboard, and immediately before use was decanted, shaken for 
a few minutes with a little solid sodium hydroxide, and distilled. 

The results obtained are given in Table IV. The probable error 
in the air capacity as adjusted by the benzene values is certainly 
less than 0*1%, and in the chloroform capacities 0*02%, the total 
error therefore being 1 part in 800 parts ; the mean value accepted 
for chloroform at 25° is 4*724 ± 0*006. 

Nitrobenzene. Sample. A. This had been purified by Harris, 
and distilled completely at practically constant temperature. It 
was therefore merely dried over calcium chloride and distilled twice 
in a vacuum, having then a conductivity of the order 10~ 7 mho. 
(In the author’s experience, the easiest way to obtain good con- 
ductivities is to use as high a vacuum as possible for the final distil- 
lations : throughout this work 1 nun. or less has been employed 
for all liquids of high boiling point.) 

Sample B. This was B.D.H. material. It was fractionated fiejSflie 
times in a vacuum, only one-third of the original bulk being retained. 
It was then dried over calcium chloride and distilled twice in a 
vacuum ; * === ca. 10~ 7 . 

Sample C. This was synthesised from some of the benzene 
purified as above, care being taken to prevent the temperature 
rising above 50° during nitration; the nitrobenzene layer was 
separated, shaken once With water and four times with sodium 
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carbonate solution, steam-distilled in the presence of sodium carbon- 
ate, dried over calcium chloride, and then twice distilled in a vacuum 
k = ca. 0*5 X 10~ 7 . 

The results obtained are given in Table V. The probable error 
in the nitrobenzene capacity determinations can safely be taken as 
0-05%, but in this case, as opposed to that of chloroform, there is 
an additional error of 1 part in 3000 parts due to the conversion 
factor between the two measuring systems (p. 580). The total 
probable error will therefore be less than 1 part in 600 parts, and 
the mean value accepted for nitrobenzene at 25° is 34*89 ± 0*05. 
Although two samples were dried over phosphoric oxide for one 
week and six weeks respectively, no change in the dielectric constant 
was noticed (see Table V). 

Bmzonitrile . The material used was kindly provided by Dr. 
Martin, and had been purified in the same manner as that used for 
his conductivity work (loc. tit.) . The results obtained for two differ- 
ent samples are given in Table VIII. These values showed no 
variation with frequency Or current intensity, and the probable 
error is the same as for the nitrobenzene determinations. 

(b) Temperature variations. Determinations of the dielectric 
constant of chloroform at temperatures between 0° and 50° were 
made in condensers II and III with each of the three specimens 
described, and the mean of the six results at each temperature is 
given in Table VI. Similar determinations were made for nitro- 
benzene at temperatures between 10° and 80° (Table VII), 

In each case, when these results were plotted against temperature 
on a very open scale, they lay on a smooth curve within the limits 
of experimental error quoted. 

(c) Frequency variations. Determinations of the dielectric 
constants of both chloroform and nitrobenzene at 25° and 50° were 
made at frequencies between 500 and 2500, but in no case was any 
change detected. 

Table IV. 

Ghbroform at 25°. 


Sample. 

Condenser. 

Measuring 

system. 

Capacity. 

€. 

A 

ni 

Sx 

37*500 

4*723 

A 

n 

s x 

28*132 

4*724 

B 

n 

s x 

28*125 

4*723 

C 

ii 

s x 

28*126 

4*723 

C 

HI 

Sj 

37*502 

4*724 

B 

h 

S 2 

28*90 

4*723 

B 

m 

S* 

38*56 

4*726 

C 

h 

s. 

28*92 

4*726 




Mean 4*724 
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Table V. 

Nitrobenzene at 25° (approx.). 

Drying 


Sample, agent. 

Condenser. 

Temp. 

Capacity. 

e. 

* 25 °- 

A 

CaCl 2 

n 

25-0° 

213-55 

34-90 

34-90 

A 

H 

ni 

25-0 

284-6 

34-89 

34-89 

A 

TJ 

» 

II (repeat) 

25-0 

213-4 

34-87 

34*87 

Jd 

a 

II 

25-2 

213-4 

34-87 

34-91 

B 

it 

II 

25-2 

213-2 

34-84 

34*88 

B 

it 

II 

25-2 

213-3 

34-86 

34*90 

C 

it 

II 

25-0 

213-4 

34-87 

34*87 

c 

it 

p,o 5 

in 

25-0 

284-7 

34-90 

34*90 

B 

n 

25-0 

213-65 

34-91 

34-91 

B 

tt 

II (repeat) 

25-1 

213*4 

34-87 34-89 

Mean 34*89 


Table VI. 


Chloroform, 

Tem P 0° 11-2° 18° 25° 30° 40° 50° 

* 5 ' 189 4 ‘ 97 1 4-848 4-724 4*636 4-473 4-310 


Temp. 


Table VII. 

Nitrobenzene. 

10° 12-8° 18° 25° 30° 32-9° 40° 54° 60° 80° 

37-85 37-30 36-23 34-89 33-97 33-48 32-26 29-99 29-08 26-28 


Temp 

e (sample 1) 
c (sample 2) 


Table VIII. 
Benzonitrile , 

0° 18° 25° 40° 

27-60 — 25-20 24-01 

27*58 25-85 25*21 24-02 


50-3° 

23-28 


60° 

22-67 


70° 

22-10 
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LXXXL The Photolysis of Aqueous Hydrogen Peroxide 
Solutions. Part I. Experimental Methods. 

By Abthtjb John Allmand and Derrick William Graham Style. 

IfeE decomposition of hydrogen peroxide solutions by light has 
been the subject of a number of previous investigations (Tian 
Compt. rend., 1910, 151, 1040; 1913, 156, 1601, 1758, 1879; Ann. 
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Fete. Sci. Marseille , 1915, 22 , 197; Ann. Physique , 1916, 5 , 248,: 
Henri and Wnrmser, Compt. rend., 1913, 156 , 1012 ; 157 , 126, 284; 
J. Physique , 1913, 3, 305 ; Matthews and Curtis, J. Physical Chem 
1914, 18 , 166, 521 ; Kornfeld, Z . wiss. Phot., 1921, 21 , 66 ; Anderson 
and Taylor, J . Amer. Chem . Soc., 1923, 45 , 650, 1210; Kice and 
Kilpatrick, J . Physical Chem., 1927, 31 , 1507), but in spite of this 
work, and although the reaction is, chemically, very simple, very 
little can be said about its mechanism, many points remain obscure, 
and there are some very curious contradictions. One of the more 
obvious may be mentioned : Henri and Wurmser published, in the 
same year, two papers (loc. cit.) dealing with the quantum efficiency 
of the reaction in the region 200 — 300 ; in the one, using full 

light from a cadmium spark, they found y to have an average value 
of 130; in the other, using the dispersed light from a zinc spark, 
they found y over practically the same spectral region to vary 
between 4*4 and 5*8. 

Our work has been essentially directed to an investigation of the 
relations between degree of decomposition and absorbed light over 
a wide range of concentration, far greater than any hitherto worked 
with. In the majority of the experiments, the active light has 
been monochromatic or confined to a fairly narrow spectral region. 
Except quite incidentally, we have not touched the subject of the 
effect of additions to the photolyte, whether inhibitors or accelerators. 

Experimental. 

Hydrogen Peroxide . — Three different varieties were employed. 
Some early experiments "with dilute solutions were carried out on 
a specimen of perhydrol (Merck) intended for tropical export, and 
containing a nitrogenous thermal inhibitor. For much of the work, 
Merck’s ordinary perhydrol (inhibitor-free) was used. When first 
insolated by 365 (ip light, this showed a strong bluish-green 
fluorescence, which decreased normally on dilution. Continued 
insolation completely destroyed this fluorescence, and its dis- 
appearance was accompanied by a marked decrease in the photo- 
sensitivity of the perhydrol, but by an equally marked increase in 
its rate of thermal decomposition. It is probable that the impurity 
causing the fluorescence was derived from the wax with which the 
perhydrol bottles are internally coated : this is yellow and has a 
distinct oily smell. It may be added that we found it very difficult 
to inhibit the photodecomposition of the concentrated perhydrol. 
Small additions of sulphuric acid to the cell contents were without 
effect,, whilst 1 g. of concentrated acid only reduced the velocity 
by 30 — 40%. 

The remainder of our experiments were carried out on hydrogen 
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peroxide prepared in the laboratory by the method of Kilpatrick, 
Keif?, and Kice (J, Amer . Chem. Soc., 1926, 48, 3019), modified in 
-certain respects. In the actual distillation of the first product, 
200 c.c. were placed in the glass distilling flask, and the remainder 
added in 50-c.c. portions as the distillation proceeded. The flask 
had a volume of 500 c.c. and its neck was provided with two ground 
joints, one of which carried a thermometer suspended by platinum 
wire from the stopper, the other a tap-funnel for the addition of 
more solution. The outlet tube was bent upwards and terminated 
in a ground joint making connexion with the silica condenser, to 
which was attached, by another joint, the silica receiver. iNb 
lubricant other than condensate was employed on any of the joints, 
and practically no leakage resulted under the water-pump vacuum 
conditions (2 cm. of mercury) employed. The first 80% of the 
distillate consisted of a weak solution of hydrogen peroxide (0*1 — 
0*3Jf) and was discarded. The final concentrated fraction was 
freed from traces of chloride by redistillation over small quantities 
of silver sulphate. The solutions thus prepared were 9 — 14M. 

Extinction, Coefficients , — These were determined for the chief lines 
of the quartz-mercury arc by the spectrometer-thermopile-galvano- 
meter method, the transmissions of a small quartz cell filled with 
distilled water and with the peroxide solution being compared. For 
365 ^ the cell was 4*62 cm. deep (internal) and several concentrations 
were measured. For 313 and 303 ptpt., a 2*04-cm. cell was used, and one 
concentration only was investigated. For the shorter wave-lengths, 
the cell was 1*026 cm. deep and various concentrations were used. 
Table I contains the molecular extinction coefficients for redistilled 
Merck’s perhydrol, calculated by the equation log 10 / 0 // =^= a cd, 
where d is expressed in cm. and c in mols. /litre. The measurements 
with the 365 pipt. line were made by Mr. J. W. T. Spinks. 


Table I. 


k, ftft. 

c. 

a. 

A, w*- 

c. 

a. 

A- pp. 

c. 

a. 

365 

11*63 

0*00647 

365 

3*08 

0*00655 

280 

0*0758 

4*06 

365 

9*45 

0*00669 

313 

0*459 

0-39 

265 

0*0758 

10*03 

365 

7*57 

0*00663 

303 

0*459 

0*86 

265 

0*0287 

10*48 

365 

5*96 

0*00668 

297 

0*238 

1*31 

265 

0*01125 

10*33 

365 

4 * 7 $ 

0*00683 

2 S 9 

0*238 

2*16 

254 

0*0287 

21*9 

365 

3*70 

0*00673 

• 280 

0*238 

3*73 

254 

0*01125 

19*6 


In one paper, Henri and Wurmser quote cc 280 = 3*0 and 
a 2 56 = 20, From the data in another of their papers can be calcu- 
lated Ogsa = 1*5, a 275 = 4*9, and « 2 57 — 16. Komfeld ( loc . eit.) 
found 0*422 for 311 ptp. The agreement with these values is seen to 
be fairly good. On the other hand our figures are very different 
from those recently published by Urey, Dawsey, and Rice (J, Amer . 
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Chem. Soc.y 1929, 51, 1371), the two sets of a values only approaching 
one another at the shortest wave-lengths measured by us; the 
discrepancies seem too great to be accounted for by the fact that 
our solutions were more concentrated. 

Reaction Cell . — The type of apparatus employed was determined 
by the use, in the majority of our experiments, of such concentrated 
peroxide solutions as to make it impossible to follow the reaction 
with any accuracy by titration. The method used was to pump 
off, collect, and measure the oxygen formed, a procedure already 
adopted with success in this laboratory in the case of the photolyses 
of formic and of oxalic acid (J., 1926, 2834, 2854). The method 
offered the additional advantage of reducing to a minimum the 
possibility of contamination during the reaction by added inhibitors 
or accelerators. A Toepler pump of about 300 c.c. capacity was 
used for the evacuation of the reaction cell, the latter being provided 
with a tap and ground joints so that it could be opened for filling 
and cleaning and for attaching to the pump for evacuation before 
and after insolation. Early experiments showed the importance of 
keeping the photolyte away from contact with glass. Attempts to 
use a composite cell, built up of quartz plates and a glass block, the 
inner surface of the latter being coated with paraffin wax, failed, as 
the wax peeled off when the cell was evacuated. An attempt to 
construct a cell consisting of quartz plates fused on to a reinforced 
block of paraffin wax also failed, as the cell slowly caved in and 
developed leaks on evacuation. Finally, a fused silica cell was 
designed, with which, or its successor, the great majority of our 
results were obtained. This, with the adjacent parts of the Toepler 
pump, is shown in Fig. la. 

ABCD is of clear fused quartz, the part A, through which the 
light beam passed, being 5 cm. long with circular plane parallel end- 
plates of 3 cm. diameter. B is a hemi-cylindrieal dome, giving an 
adequate surface of liquid for evolution of oxygen, and ensuring 
that the level of the photolyte shall always be well above that of 
the beam of light. C is a bulb, serving to retain any peroxide carried 
up by “ bumping 55 or by too violent an evolution of gas. Into the 
ground socket D fits the glass tap E, provided with another ground 
socket at its upper end, allowing of connexion with the evacuation 
apparatus. F is a trap in which, during evacuation, vaporised 
hydrogen peroxide and water vapour are condensed by immersion 
in an ether-solid carbon dioxide mixture. It is provided with a 
stopper G for removing this condensate when necessary. H is a 
tap for admittance of air, and connexion with the pump (300 c.c. 
bwel) is made through the tap K. Ramsay tap-grease was used 
for all taps and joints. h . 
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Measurement of Evolved Gas . — rig. 16 shows the simple means 
employed for the measurement of the evolved gas. The inverted 
U-tube L was of about 3 mm. internal diameter (and thus of internal 
volume 0*070 c.c./cm.) and its longer limb was 40 cm. long. The 
extension M permitted of the introduction of the delivery tube of 
the Toepler pump. The shorter limb was connected by pressure 
tubing, controlled by a screw clip, with the mercury reservoir N. 
Prior to the collection of a sample of gas, the whole tube was filled 
with mercury and the screw clip closed. The gas was then pumped 
off and delivered into M, the diameter of L being sufficiently small 


Fig. 1. 



to prevent the gas rising further. On the completion of the evacu- 
ation, the latter was drawn into L by manipulation of N and of 
the screw clip, its temperature and pressure measured, and the 
length of the column read off by means of a scale placed immediately 
behind L. 

Manipulation , — In view of the importance of the nature of the 
surface in all work with hydrogen peroxide, the treatment to which 
the reaction cell was subjected was as far as possible standardised. 
Before being filled, it was first cleaned with nitric acid containing a 
small quantity of alcohol, grease on the ground joint being thereby 
removed, and, after a thorough washing with distilled water, it 
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was rinsed out several times with a portion of the reaction solution , 
and filled nearly up to the dome. The ground joint D (Fig. la) 
was then lightly greased and put in position, being held down by 
rubber bands passing over the tap E and round the bottom of the 
reaction cell. E was very carefully greased and put together. It 
was of the utmost importance that this tap should function well, 
as it sometimes had to be turned several hundred times in the course 
of a series of experiments done on a single filling. The whole was 
then attached to the pump and evacuated as far as possible, E being 
opened at intervals. Continual attention (tapping and shaking 
of the cell) was necessary to avoid explosive bumping and gas 
evolution. The degree of evacuation feasible was limited by the 
thermal decomposition of the peroxide. With Merck’s perhydrol, 
this was slow and caused no trouble. With the solution prepared 
by us, where the dark reaction for the cell contents might amount 
to perhaps 0*02 c.c. of oxygen per min., the method of evacuation 
had to be carefully standardised and its results watched in order 
to detect the stationary state at which the rate of removal of oxygen 
was just equalled by its rate of production. 

The moment of completion of the evacuation was noted and 
taken as the zero time of the dark reaction for which correction had 
subsequently to be made. With taps E and K closed, air was 
admitted by opening H, the cell detached, placed in the thermostat 
(see later), allowed to reach temperature equilibrium, and the 
insolation commenced. After the required interval (varying from 
a few minutes to a few hours) the cell was again attached to the 
pump, the tap H closed, and, after the evacuation of the air between 
E and K (sometimes carried out through H by a Hyvae pump in 
order to accelerate matters and reduce the u dark ” correction), the 
gas in the cell was pumped off, collected, and measured as quickly 
as possible. 

With perhydrol, the “ dark ” correction was usually only a few 
units %, and the duration of an insolation of the order of an hour. 
As already indicated, work with the solution prepared by us in the 
laboratory was far less easy. The quantum efficiencies were raised 
10 — 20-fold, and the thermal reaction to an even greater extent. 
As the amount of decomposition permissible in a simple insolation 
was limited (a) by the desirability of avoiding any appreciable 
change in the concentration, and (b) by the possibility of too high 
a pressure loosening the joint D, it became necessary to reduce the 
time of insolation c ons iderably, runs of 4 mins, not being uncommon. 
But clearly the time necessary for the evacuation and collection of 
the gas could not be reduced to anything like the same extent ; 
even if the Hyvae pump was used whenever possible, 15 — 20 minutes 

Y 
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was about the shortest time required. Consequently, the thermal 
correction was considerable with this preparation — indeed, it was 
impossible to obtain results of value in the use of mercury light 
filtered by a ehlorine filter (q.v.), where the intensities were com- 
paratively low, for the thermal reaction considerably exceeded 50% 
of the total decomposition. 

Arrangement, of Apparatus for Insolation Experiments . — The 
general arrangement is shown in Fig. 2 ; A represents the source of 
light, B is a shutter, and C 2 and C 2 are crystal quartz lenses. D is 
a 5-cm. quartz water-cell, E the light filter, F a diaphragm with 
variable aperture (0*5 — 2*5 cm. diameter), and G a small thermostat 
containing the reaction cell H. Finally, K is the thermopile for the 
measurement of the incident and absorbed energy. All apparatus 
when necessary was firmly secured to an optical bench and, with 
the exception of the lamp and shutter, was covered by an internally 
blackened box, C x being fitted into a hole cut in the side. 


Fig. 2. 



B 


Light Source . — In every case this consisted of a E.B.B. quartz 
mercury lamp of the atmospheric pressure type; these had an 
advantage over the vacuum type for the present work because of 
their relatively high intensity, this being due to the short length of 
arc and to the fact that they can be overloaded and yet bum very 
steadily, provided that additional cooling be employed. We used 
100 — 110- volt lamps, both of the horizontal and of the vertical 
pattern. Their normal rating is 2 amps. We burnt them at 3*5 
amps, and 80 volts, a Tirrill regulator ensuring a steady supply 
voltage, and the lamps being cooled by an electric fan. The energy 
distribution of their radiation, a knowledge of which was necessary 
in consequence of the light filters not being monochromatic, was 
determined on several occasions during the work by a modification 
of standard methods already described (J. Physical Chem. } 1925, 
29, 713). An example of the data obtained is given in Table II, 
1 being the intensity relative to the 365 [xu line as unity. 

Light Filters . — Four types of filter were used. 

(a) Coming Glass Plate G.586 A.W. of 3*6 mm. thickness. Trans* 
mission — 0*77 of 365 jqi and 0*22 of 405 7% of the total 

radiation transmitted, when used in conjunction with the 5-cm. 
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Table II. 

Horizontal arc. after 50 hours’ running. 


A, mi. 

I. 

A, \Lll. 

1. 

A, iip.. 

I. 

A, p.p . . 

J. 

579 

0*85 

365 

1*00 

289 

0*029 

265 

0*094 

546 

0*68 

313 

0*44 

280 

0*054 

260—254 

0*170 

436 

0*56 

303 

0*20 

275 . 

0*015 

248 

0*032 

405 

0*30 

297 

0*091 

270 

0*019 

240—239 

0*012 


water filter, was red and infra-red. This correction was determined 
by means of a thermopile and a Zeiss red-glass filter which cuts off 
sharply below 600 ^ whilst transmitting about 85% of radiation 
between this limit and nearly 2 p. The violet 405 light is not 
appreciably absorbed by hydrogen peroxide. 

(b) 1 Cm. of 0*1% aqueous potassium chromate solution between 
quartz plates. The transmission was 

579 546 436 405 313 303 297 /x/i 

0-80 0*88 0*71 0*63 0-44 0*39 0*30 

10*3% of the total transmitted radiation was red and infra-red. 
The visible light is not absorbed by hydrogen peroxide. 

(c) 5 Cm. of chlorine gas at 1 atm. pressure in a plane-parallel 
vessel of fused silica. The transmission was 

579 546 436 405 280 265 256 248 fip. 

0*875 0*85 0-40 0-145 0-04 0*42 0*63 0*60 

Used in combination with- the mercury lamp, the average wave- 
length of the ultra-violet transmitted light was 256 jxp. For a few 
experiments, a similar 2-cm. filter was employed. 

(d) A mixture of chlorine gas and of saturated bromine vapour 
in a fused quartz cell. The latter was about 4*5 cm. deep and of 
poor quality, the end plates not being accurately parallel. The 
maximum ultra-violet transmission of this filter is near 275 and 
one-sixth of the light transmitted lay below 300 jxfi, as determined 
by exposing a thermopile alternately behind glass and quartz plates. 

The spectral transmissions of these filters were dete rmine d in the 
usual manner by means of a spectrometer-thermopile-galvanometer 
combination. 

Thermostats — This was of simple construction. In the square 
ends of an open copper box, 10 x 10 x 5*2 cm., directly opposed 
central holes of 2*9 cm. diameter were cut. Around them, inside 
the box, was soldered a copper U, reaching to the top of the box 
and dividing it into two compartments. The circular apertures in 
the inner jacket were covered with quartz plates. This inner com- 
partment held the reaction cell during insolation and was filled 
with distilled water. The outer jacket contained ice or water, 
depending on the temperature of the experiment which was 21° 
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unless otherwise stated. The temperature of the thermostat could 
readily be controlled by addition by hand of small quantities of hot 
"water or of ice. A small heating coil was sometimes used. 

Energy Measurement. — This was done by means of either a 1-cm. 
or a 2-cm. Moll thermopile (previously calibrated against a standard 
Hefner candle), the E.M.F. generated being measured by means of 
a potentiometer (Cambridge Instrument Company) and a moving- 
coil galvanometer (Gambrell). The over-all sensitivity was about 
o x 10~ 7 volt. Care was naturally taken that the whole of the 
beam under measurement fell directly on the surface of the thermo- 
pile, and all necessary corrections were applied for reflexion losses 
at the different quartz-air and quartz-liquid surfaces. Measure- 
ments of incident energy made at the beginning and end of any 
reaction usually agreed to within 1 — 2%. Measurement of the 
absorbed energy during the reaction proved to be undesirable for 
various practical reasons, one of which was the effect of intermittent 
illumination (q.v.). Consequently, the absorbed energy, though 
sometimes determined at the end of a reaction, was usually calcu- 
lated. 

Intensity Variation. — This was normally effected by altering the 
size of the aperture in the diaphragm F (Fig. 2) or the position of 
the lens C 2 . The beam being convergent, the intensity was 
smaller the closer the lens to the cell and thermopile. In some 
cases, the average, as opposed to the true, intensity was varied by 
the use of an electrically driven rotating sector of variable aperture, 
running at a high speed (20 — 25 interruptions per sec.) and placed 
close to the aperture F, between it and C 2 . 

Variation of Duration of Insolation. — As it was found that, under 
certain conditions, the rate of the photolysis was proportional to 
the square root of the light intensity, it became desirable to carry 
out experiments under conditions of slowly intermitted radiation. 
The same sector, rotating with constant aperture, was used for this 
purpose, its rate of rotation being controlled by a simple gearing 
interposed between sector and motor, and consisting of six two-step 
pulleys rotating freely on one of two parallel stationary axes, and 
coupled with one another by suitable belting. The radii of the two 
steps in each pulley were in the ratio of 4:1. By changing the 
number of pulleys in use and suitably connecting them together, the 
sector ^>eed oould thus be varied between the extremes of 1/4 and 
1/4000 of the speed resulting when motor and sector were directly 
coupledtogether. Alteration of the speed of the motor by a series 
resistance allowed of finer adjustments. In actual use, the maxi- 
mum duration of a single light-period was 100 secs. In these 
-experiments, the diaphragm F, with its immediately adjacent sector. 
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and the reaction cell G were so arranged as to be at conjugate foci 
of the lens C 2 . This ensured that, at any particular point in the 
photolyte, the cut-off or switch-in of the light intensity was sudden 
and not gradual. 

Concentration Variation . — Starting with the most concentrated 
solution, this was carried out by one of two methods, viz., (i) replace- 
ment of some of the solution in the cell by distilled water ; (ii) de- 
composition of some of the peroxide by insolation. The water 
used was made from ordinary laboratory distilled water by redistil- 
ling it- from alkaline permanganate, passing the steam successively 
through a hot solution of potassium hydrogen sulphate, a 6-inch 
column of glass wool, and two trap-bulbs, and finally condensing it 
in a silica condenser and storing in a large waxed glass flask, sealed 
with a waxed glass plate. When the second method of dilution was 
used, the reaction cell was simply placed a few inches in front of 
the unscreened mercury arc and insolated for 24 — 48 hours. As 
already mentioned, this had the effect of destroying the fluorescent 
impurity in the perhydrol. 

The concentrations of the various solutions were determined by 
titration with permanganate. For concentrated solutions, a 1-c.c. 
silica pipette was used and ^-potassium permanganate; for the 
more dilute solutions, heavily waxed glass pipettes and permanganate 
solutions as dilute as Q-01N were employed. All concentrations are 
expressed as g.-mols. of hydrogen peroxide per litre. 

Temperature Coefficients. — -These were measured by carrying out 
a series of determinations with the thermostat adjusted at various 
temperatures from 2° to 26°, the limits being determined by the 
magnitude of the thermal reaction with the particular peroxide 
solution under examination. In order to avoid condensation of 
moisture on the surface of the front quartz window of the thermostat 
during measurements at low temperatures, a wide tube about 3" 
long, containing a small amount of phosphoric oxide and closed by 
a quartz plate, was firmly cemented on the front surface of the 
thermostat. This effectually prevented any condensation trouble. 

Experiments with Dilute Solutions. — Several such series were 
studied. With the full light of the lamp, or chlorine-filtered light, 
a cell was used consisting of quartz plates sealed on by paraffin wax 
to a glass frame 5 mm. thick, through which a circular central cavity 
had been cut. The internal glass surface of this cavity was coated 
with paraffin wax, and a hole drilled into it from the edge of the 
frame allowed of filling and withdrawing of samples for titration. 
When 365 light was used, in order to shorten the experiment, the 
cell consisted of a smaE quartz flask immersed in a metal box, 
through which a rapid stream of tap water flowed, provided on 
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opposite sides with windows consisting of plates of Corning Glass 
G. 586 A.W. (see p. 602). A mercury arc was placed 10 cm. away 
from either window, and thus a reasonable rate of decomposition 
was secured. The reaction was followed in one case by titration, 
in others by measuring the oxygen given off under atmospheric 
pressure conditions. The latter procedure was capable of a fair 
degree of accuracy, as the runs were long, owing to the small amount 
of light absorbed, and the degree of supersaturation of oxygen 
could be kept so low as not to affect the results appreciably. In all 
cases where titration methods were used, the upper portion of the 
cell was blackened over, so that the surface insolated might remain 
constant throughout the run. 

University or London, 

King’s College. [ Received , January 18 th , 1930.) 


LXXXII . — The Photolysis of Aqueous Hydrogen Per- 
oxide Solutions . Part II. Experimental Besults. 

By Arthur John Allmand and Derrick William Graham Style. 

A. Experiments with Merck's Perhydrol . 

Effect of Intensity and of Intermittent Illumination . — These 
measurements were all carried out on undiluted perhydrol (about 
lOJf). Curve a, Tig. 1, shows the results of true intensity variation 
with a beam of 365 jxg. light. Intensity is expressed as cals. /cm. 2 / 
sec., and velocity as g.-mols. decomposed per hour. The total area 
irradiated at the front of the cell was 5-6 cm. 2 , and the time of reac- 
tion was 1 — 3 hours. Above a certain minimum intensity, the 
velocity is seen to be proportional to 7 0 0 ' 5 . This unexpected result 
led us to undertake measurements in which the average intensity 
was altered by varying the aperture of a rapidly rotating sector 
between the limits of 5 and 100% of its full value. The data 
obtained, shown in Curve b. Fig. 1, are seen to be of the sa m e 
general nature as with true variation. 

The existence of the square-root relation between velocity and 
intensity suggested the formation in light of a catalyst acting 
analogously to iodine atoms in the iodine-potassium oxalate reaction 
(Berthoud and Bellenot, J. Chim . physique , 1924, 21 , 308), and the 
matter was investigated further by the method of Briers, Chapman, 
and Walters (J., 1926, 562), a rotating sector of constant aperture 
but of variable rate of rotation being used. It was necessary to 
lower very considerably the speeds initially used before any effect 
was noticed, and the velocity only began to fall off when the duration 
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of a single light (or dark) period had risen to about 1 sec. It was 
still decreasing when the illumination period had reached 51 secs. 
The results of two such experiments, carried out with rather different 


Fig. 1. 



and unmeasured intensities, are plotted in Fig. 2a. The broken 
line represents the theoretical curve for a catalyst of life of 1 sec., 
calculated from the formula of Briers, Chapman, and Walters, whilst 



1*0 0*0 1*0 2 * 01*0 0*0 1*0 
Logarithm of light period [in seconds). 

the horizontal line gives the velocity for the same continuously 
acting intensity (i.e., half the velocity observed in absence of the 
sector). 

Experiments on direct (true) intensity variation were next carried 
out with chlorine-filtered light (256 wx). The results (Table I) 
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show plainly that, for light of this wave-length, under the prevailing 
experimental conditions, velocity (v) is directly proportional to 
absorbed intensity (I). As, however, the results with 365 141 light 
suggested proportionality between velocity and intensity at low 


Table I. 


8*0 

13*7 

15-1 

16*9 

23*1 

29*2 

34*4 

39*0 

0*805 

1*42 

1*53 

1*78 

2*46 

2*96 

3*44 

4*10 

1*01 

1*03 

1*01 

1*05 

1*06 

1*01 

1*00 

1*05 


intensities, it seemed possible that, with 256 pp light of very high 
intensity, the I 0 ' 5 relation might hold. The limit to the direct 
measurement by the thermopile of the absorption of the complex 
beam of chlorine-filtered light had already been reached. As, how- 
ever, with 365 pp light, variation of true and of average intensity 
had given the same type of result, it was decided to do experiments 
with 256 pp light of high intensity, using a rapidly rotating sector 
to control the average intensity of the beam. The results are con- 
tained in Table II. The velocity measured with the smallest sector 
opening was very near to the maximum velocity observed during 
the experiments recorded in Table I. 

Table II. 

Relative sector opening 1 2 4 


v X I0 5 3*86 7*2 11*3 

Ratio 3*86 3*6 2*83 


It may be mentioned that the limiting values of y 365 actually 
obtained in the experiments plotted in Curve a (Fig. 1} were about 
4*6 and 13*5 and would, of course, have been still higher at lower 
intensities, whilst the constant value of y 256 corresponding to the 
data in Table I is about 5*7. This last solution was submitted to a 
single experiment with 365 pp light, and proved to be just twice 
as reactive at the same incident intensity as the solution used in 
the experiments of Curve a, Fig. I. At all ordinary intensities, 
then, y 365 exceeds y 266 for concentrated perhydrol. 

Effect of Concentration . — The first series of measurements was 
carried out with 365 pp light, the concentration of the perhydrol, 
initially 12-IOAT, being altered in steps by the addition of distilled 
water until it had fallen to 1-11AT. The thermal reaction velocities 
were determined and subtracted from the total velocities in light in 
order to obtain the net light velocity, and the absorbed energy was 
measured. Table III contains the results, v& being the dark and 
t ’365 ^ the light velocity, both as mols./hr., and y the quantum 
efficiency. The net light velocity {the table contains the results 
of successive duplicate experiments) rises to a maximum and then 
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Table III. 




v 36 5MM- 

r 


v d X 10 6 . 


r 

Cone. 

v d X 10 s . 

xio s . 

(mean). 

Cone. 

X 10 s . 

(mean). 

12*10 

0*13 

S*82\ 

8-9IJ 

11*751 

9*52 

4*57 

0*43 

11-S3 

20*1 

9*06 

0*39 

14*8 

2*20 

0*75 

9*05\ 

9*50/ 

22*1 

6*92 

0*35 

11*86/ 

12*38\ 

12*52/ 

16*6 

Ml 

0*71 

5*69 \ 
5*61 / 

23*4 


fails off as the solution is diluted, y increases steadily throughout, 
and the thermal reaction velocity also increases with dilution, at all 
events over the greater part of the concentration range covered. 
The square of the quantum efficiency, when plotted against concen- 
tration, follows an equation of the type y = (& x — £ 2 [H 2 0 2 ])h 
This remarkable increase of y with dilution was quite unexpected, 
and it was thought that some positive catalyst had perhaps been 
introduced with the water used for dilution. A similar series was 
therefore carried out in which the dilution was effected by decom- 
posing part of the peroxide by insolation as already described in 
Part I, measurements of velocity of decomposition being made both 
in 365 and in 256 ptp light after each concentration change. It 
was at this stage that we first noticed the destruction of the fluor- 
escent properties of the perhydrol as a result of prolonged irradi- 
ation. About 24 hours 5 insolation was required for effecting the 
first change in concentration (from 10-24 to 7-92 M) and, as will be 
seen from Table IV, which contains the results of this series, the 
disappearance of the fluorescence was accompanied by a marked 
rise in the velocity of the thermal reaction, and by a decided fall 
in the photochemical reaction rates. Omitting the figures given by 
the most concentrated solution as not being comparable with the 
remainder, it will be seen that the results, as far as 365 pjr light is 

Table IV. 


Cone, 

v d X 10 5 . 

t?256 H ^X 10*. 

t* S65 X 10 s . 

Relative y 365 , 

10*24 

0*32 

5*74 

31*44 

■. — 

7*92 

0*63 

4*76 

18-96 

1*00 

6*90 

0*67 

4*82 

20*22 

\ 1*30 



5*00 

24*30 

/ (mean) 

4*65 

0*51 

7*04 

7*12 

26*38 

2*11 

1*44 

0*30 

6*50 

21*32 

4*92 


concerned, are qualitatively similar to those given by the fluorescent 
solution used in the first series (Table HI), Further, the velocity 
with the chlorine-filtered light increases in the same way with 
dilution, passes through a maximum and falls off, the quantum 
efficiency altering in the same maimer, absorption always being 
y2 
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complete. Tlie thermal velocity, however, decreases with increasing 
dilution, whereas, in the fluorescing solution, it rises. 

The results being obviously irregular, a similar set of experiments 
was carried out, after the fluorescence had been destroyed by a 
preliminary insolation. The same general type of result was 
obtained, but in detail the figures were as erratic as before. Finally, 
the original method of dilution with distilled water was reverted to, 
the fluorescent impurity again being destroyed at the commence- 
ment of the experiment. The readings were carried to concentrations 
as low as 0-06 and 0*0 2M, with 365 and 256 gg respectively, and 
the results are contained in Table V and in Fig. 3.* They confirm 
the former series in all essential points. 


Table V. 


Cone. 

v d X 10 s . 

^*25 G P - l * X 10 5 . 

^365 ^ 10 5 . 

Relative y 365 . 

9*52 

1*02 

8*08 

46*56 

1*00 

7*54 

1*18 

8*26 

46*20 

1*17 

4*95 

1*04 

9*30 

53*84 

1*89 

2*79 

0-99 

9*46 

52*96 

3*06 

1*39 

0*70 

10*72 

50*75 

5*55 

0*671 

0*66 

10*76 

25*68 

5*67 

0*201 

0*28 

12*70 

14*08 

9*93 

0*060 

0*16 

15*04 

3*56 

7*94 

0*021 


11*16 




Temperature Coefficient. — This was determined for the concen- 
trated perhydrol and for the 365 uu fine only. Measurements were 
made at 11°, 14*5°, 21°, and 26°, and the thermal reaction velocity 
was roughly measured at 21° and 31 The latter had a temperature 
coefficient of about 2*1 (no precise significance is attached to this 
figure), and at 21° accounted for 3% of the total reaction. From 
the smoothed curve passing through the plot of the corrected light 
velocities, a value of 1*39 — 1*40 was read off: for the photochemical 
temperature coefficient. 

B. Experiments with Hydrogen Peroxide prepared in the Laboratory. 

The totally unexpected nature of the relations observed when 
using high light intensities and high concentrations of perhydrol 
made it very desirable to repeat the work with a material definitely 
free from any substance, such as the fluorescent impurity or its 
decomposition products, which might conceivably affect the results. 
Experiments were therefore carried out with hydrogen peroxide 
prepared ourselves by the method already described. 

Preliminary Experiments. — These were done essentially in order 

* la Figs. 3, 4, and 8, the various graphs for relative quantum efficiency 
are in no sense comparable with others on the same diagram, each being 
plotted on its own arbitrary scale along the ordinate. 
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to confirm or otherwise the effect of concentration change noted 
above. Commencing with concentrated peroxide, and then work- 
ing with weaker solutions prepared by dilution with water, the light 
velocities were determined for the 365 pix line and for light trans- 
mitted by the chlorine-bromine filter (275 ^ ). At the same time, 
as the thermal velocities were now sufficiently high, they also were 
accurately determined. The results are contained in Table VI, and 
in Fig. 4 are plotted, as functions of concentration, the relative 



2-3 1*0 0*0 1*0 

Logarithm of concentration. 


2*3 1*0 0*0 1*0 

Logarithm of concentration . 

Table VI. 

Cone 13*44 7*19 4*04 2*21 0*98 0*475 

n X 10 s 0*98 4*65 5*70 4*89 2*56 M3 

t’ 365 ^ X 10 s 17*66 69*7 98*8 74*0 41*4 25*6 

v mlH i X 10 6 .. 2*38 12*31 16*36 24*60 29*16 27*42 


quantum efficiencies for the light reactions and the unimolecular 
thermal reaction velocity coefficient (£.€., rate of decomposition per 
unit mass of peroxide). The results are similar to the former ones 
in general outline (the continued rise of y 365 appears, in the light of 
other data, to be perhaps due to experimental error). 

Effect of Concentration , Wave-length, and Intensity on Quantum 
Efficiency . — Two systematic series of experiments were undertaken. 
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In the first, an ll*51f -solution was successively insolated with 
365 jjtp. light of a whole range of measured intensities, and then by 
light transmitted by the chlorine-bromine filter (275 \%l region), a 
series of different intensities again being used. The solution was 
then diluted by addition of water to 545if, and insolated in a 
similar fashion, the whole process being repeated for concentrations 
of 2-45, 149, and 04 SM. The second series resembled the first, 


Fig. 4. 



Concentration , mols . per litre . 

except that beams of 365 and 307 jijz. (average) light were em- 
ployed, the concentrations being 10-17, 6-05, 3-69, 1-92, 0-95, and 
0-62 Jf, The reason for not investigating the action of the three 
■wave-lengths on the same solution was the necessity of minimising 
the changes in concentration caused by the photodecomposition. 
Just as in the measurements already described, no great accuracy 
is claimed for the figures, owing to certain disturbing factors im- 
perfectly controlled (four experiments in the second series have 
been neglected on this account), nor are the absolute values of any 
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particular interest, in view of the whole nature of the reaction. 
Table YH contains typical specimens of the experimental data. In 
all cases, the area illuminated by the incident converging beam was 
5-6 cm. 2 . Col. 1 gives the intensity in terms of incident quanta/ 
hour /cm. 2 X 10 -18 , col. 2 the total quanta absorbed per hour X 10“ 18 ; 
and col. 3 the total molecules of peroxide decomposed per hour X 

io- 19 . 

Fig. 5. 

Molecules decomposed X 10” 18 . 

0 200 400 600 800 1000 1200 1400 



Table VII. 



(a) Series T. 



(b) Series II. 


275 

pep; I*19M-H 8 0 2 


365 

fifx,; 3-69ikf-H 2 0. 


(1). 

(2). 

(3). 

(1). 

(2), 

(3). 

0*0684 

0*383 

7-40 

0*902 

1*23 

33*9 

0*165 

0-927 

12*5 

1*56 

2*13 

42*5 

0*259 

1*47 

17*7 

4*23 

5*75 

75*8 

0*412 

2*31 

19*6 

5*63 

7*56 

82-4 

0*531 

2*97 

23*6 

5*88 

7*99 

78*9 


! The results as a whole are shown in Figs. 5 and 6, where the 
square root of the number of quanta absorbed per hour is plotted 
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against the number of molecules decomposed per hour. In order 
not to confuse the diagrams, the actual experimental points in many 
cases are not put in, but merely the best line drawn through them. 
Further, in both diagrams, and in order to economise space, the 
curves for 365 k u k u light and for the most concentrated peroxide 
solution are not completely shown. It will be obvious that the 
quantum efficiency for any particular concentration and rate of 

Fig. 6. 

Molecules decomposed X 10~ 18 (for 307 ^). 

0 200 400 600 800 1000 1200 



energy absorption can be read off by dividing the abscissa by the 
square of the ordinate. 

It will be noticed that, with one exception, viz., ll-5Jf -peroxide 
and 365 wl, the curves are linear. Although it will appear later 
that, in one or two cases, this linearity is only apparent and due to 
experimental error and the scale of plotting, we are nevertheless 
justified in concluding that, in general, over our working range of 
concentration and intensity, any increase in velocity is proportional 
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to the corresponding increase in the square root of the intensity, 
whatever the wave-length of the light. It will further be noticed 
that the majority of the curves, if produced, do not pass through 
the origin, but cut the ordinate. This fact is reminiscent of Curve a 
(Fig. 1) ; its significance will be discussed later. 

With regard to the relative values of the quantum efficiencies 
obtained at any given rate of absorption of quanta, it will be seen 
(a) that, in general, y 365 is greater than y 307 and y 27B ; (6) that the 
7365 values are considerably higher in Series I (Fig. 5) than in 
Series II (Fig. 6) ; (c) that, as the concentration falls, y increases in 
every case, and usually passes through a maximum at some inter- 
mediate concentration and falls off in dilute solution. Conclusions 
(a) and (c) are in accordance with the results obtained with perhydrol 
insolated by 256 pjx and 365 \l[l light. The absolute values of y 
naturally vary between wide limits, roughly 20 — 500, depending on 
wave-length, intensity, concentration, and the particular solution 
used. 

Effect of Intermittent Illumination . — It was clearly desirable to 
see whether the “ pure 5J hydrogen peroxide solutions behaved in 
the same manner as did perhydrol during intermittent insolation 
with light and dark periods of varied length. Measurements were 
done with 307 ^ light, a new cell with well-annealed surfaces being 
used, together with a temperature of 2° so as to minimise thermal 
decomposition. Three concentrations were employed, viz., 11-0, 
6*4, and 3*3 M. The method of experimentation was as already 
described, the duration of a single reaction always extending over 
at least 100 intermissions. The data are contained in Fig. 26, 
where the broken line again represents the theoretical curve for a 
mean life of 1 sec., whilst the horizontal line denotes the decompos- 
ition for the same continuous intensity. The results are clearly 
subject to considerable error, but suffice to show that the mean life 
of the presumed catalyst rises with dilution and is about 0*4 sec. 
for 11 44- solutions. No exact comparison between Figs. 2a and 26 
can be made, for the light intensities used were not measured, 
whilst the solutions were of different origin. It would seem likely, 
however, that the mean life of the catalyst increases with the 
wave-length of the active light. 

Temperature Coefficients . — These were determined for three con- 
centrations and for three wave-lengths, two measurements being 
made at each temperature, viz., 2° and 22°. The temperature 
coefficient of the thermal reaction was necessarily measured at the 
same time. The results are contained in Table VIII, from which it 
would appear , that any effect of concentration is within the limits 
of experimental error. 
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Table VIII. 

Temperature coefficients. 


Cone. Thermal. 365 jqz. 307 jjt.fi. 27 5 fifi. 

10*53/.. 2-96 1*43 1*35 1-26 

7*33/ 2*66 1*39 1*38 1*28 

l*33f 2*87 1*45 1*40 1*29 

Mean values 2*83 1*42 1*38 1*28 

Previous results for the photochemical reaction are as follows, 
T.C. denoting the temperature coefficient : 

Worker, T.C. Conditions of experiment. 

Tian 1*15 Thin layers of dilute perhydrol. Centre of gravity 

of absorbed light probably 260 ju/z. 

Uomfeld 1*32 Dilute solutions of perhydrol. Uviol glass appar- 

atus. Light chiefly absorbed 313 fifx. 

Matthews and 1*5 IT viol lamp radiation passed through several thick- 

Curtis nesses of Uviol glass. Dilute perhydrol. Active 

light probably chiefly 365 /z/z. Thermal reaction 
not corrected for. 

Anderson and 1*43 Pure dilute solutions. Full light of quartz mercury 
Taylor lamp in quartz vessels. 


Our value for concentrated perhydrol and 365 pp was 1*39 — 1-40. 

C. Experiments with Dilute Solutions . 

One of the most striking of the results recorded in sections A 
and B is the passage of y through a maximum as the peroxide con- 
centration is increased. It was clearly desirable to investigate 
rather more fully the behaviour of solutions of low concentration, 
particularly in view of the statement frequently made that the 
reaction is of the first order. 

Some of our earliest experiments, carried out on dilute solutions 
of Merck’s peroxide containing a nitrogenous inhibitor, were of this 
nature, the 5-mm. wax-lined cell (described at the end of Part I) 
being used, and the initial rates of reaction of a series of solutions 
of different concentrations being measured both in the full light of 
the lamp, and also in light which had been passed through a 2-cm. 
chlorine filter. They gave the same type of velocity-concentration 
curve. The results obtained with the chlorine-filtered light are 
shown in Figs, la and 76. The former contains, plotted against 
concentration, the relative measured velocities and the relative 
quantum efficiencies, these being calculated from a knowledge of 
the energy distribution in the filtered beam and the extinctions of 
the different solutions. Fig. lb shows the velocity plotted against 
(a) the light absorption, (6) the square root of the light absorption. 
Although the points are irregular, the best straight line drawn 
through the latter set passes through the origin on being produced. 

A similar experiment (5-em. chlorine-filter; 256 pp) was carried 
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out on a dilute solution of the pure peroxide, which was initially 
and decomposed during the insolation down to a final con- 
centration of O-lJf. Here the behaviour was quite different, y 

Fig. 7. 

Relative absorbed energy . 

0-6 0-3 1-0 1*2 1*4 1*6 





Fig. 8. 

Concentration . 

0*02 0*04 0*06 0*08 0*10Jk7. 



0*2 0*4 0*6 0*8 1*0 1*2 1*4 1*6 1-SiWT 

Concentration . 


dropping throughout as the concentration fell (Fig. 8). Above 
0*3J£Y absorption of the active light was practically complete. 
The curve has been drawn from the smoothed experimental data. 
Finally, a number of experiments were carried out with dilute 
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solutions of the pure material and 365 pp light, using the methods 
described at the end of Part I and following the reaction by measur- 
ing the evolved oxygen. The relative quantum efficiencies for three 
such experiments, calculated by dividing the velocities by the 
average concentration between each pair of points, are shown in 
Pig. 8. No very definite conclusion can be drawn from them and 
the experiments clearly need extension. 

D. Summary of Experimental Results. 

Pigs. 5 and 6 exhibit the results of two comprehensive series of 
experiments in which the effects of variations in X, J 0 , and 
on the photolysis were investigated, specimen detailed figures being 
tabulated in Table VII.* In the majority of cases, the observed 
velocity can be plotted, within the limits of experimental error, 
linearly against the square root of the rate of absorption of energy, 
the curves appearing, when produced, either to pass through the 
origin or to cut the energy axis. Experimental error and the scale 
of plotting both forbid their closer analysis, which is best achieved 
by calculating from the original data relative values of the char- 
acteristic k A constants (J., 1929, 1557) by means of the formula 

- Au = fc A ./ 0 i. A .(l-10-i-O 

where, in the present case, — Am is the number of molecules of 
peroxide decomposed per hour, I 0 the total number of quanta 
incident per hour per cm. 2 on the illuminated area of the cell, c the 
concentration in mols. /litre, a the average extinction coefficient for 
the incident light, and l the depth of the cell (5 cm.). With the 
exception of four readings in Series II, which were clearly in serious 
error, all the data have been calculated in this way, the extinction 
coefficients used being 0*0066 for 365 pp, 0*59 for 307 pp, and 6 for 
275 pp. For the 275 pp experiments, and for all but the two weakest 
solutions with the 307 pp light, the term 1 — 10“* cC * is practically 
unity, the expression simplifying to 

- Am = 2kJ 0 *Jc*x*. 

Table IX contains in detail the values of k A x 10~ n calculated 
from the readings of Series I with 275 pp light, arranged in each 
case in order of ascending values of I 0 (not given; they varied 
between limits of 0*068 — 0*531 x 10 18 quanta /hour/cm. 2 ). 

The constancy of the k A values for the three intermediate con- 
centrations indicates that, over the whole intensity range covered, 
except for the lowest intensity with the l-lOAf -solution, the velocity 
is proportional to / 0 °‘ 5 . This relation clearly does not hold either 
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Table IX, 
Values of k A X lO -11 . 


11*53/. 

5-453/. 

2*453/. 

1*193/, 

0*483/, 

3-20 

7-51 

5*79 

(3*77) 

1*92 

4*77 

7-55 

6*04 

4*11 

2*34 

5-00 

7-93 

5*30 

4*65 

2*57 

5*86 

7-36 

6*89 

4*08 

3*16 

6*22 


5*07 

4*33 


6*43 


5*44 



is — 

7-59 

5*92 




for the weakest or for the strongest solution, and reference to Fig. 9 
shows that the I 0 rule is obeyed by the 11 -5 -solution and possibly 
by the 0*483/ -solution (points very scattered). 


Pig. 9. 



Table X contains a summary of all the results in the form of the 
mean values of & A holding for any particular wave-length and con- 
centration. In two further cases with concentrated solutions, apart 
from that just mentioned, the values were found to drift, as the 
intensity was raised, in a direction which showed that the J 0 0 * 5 rule 
Tyas breaking down at low intensities, and being replaced by the I 0 


Table X. 



Series I. 



Series II. 


[H®0 2 ]. 

275 ju/i. 

365 pyx. 

[H 2 0 2 ]. 

307 fifjL, 

365 fifi, 

11*53/ 

3*20 — >6*43 

1*01 — >-1-91 

10*17 M 

1*13 — >2 08 

0*42 

5*45 

7-59 

(2*86)3*28 

6*05 

5*85 

2*09 

2*45 

5*92 

(2*72)3*13 

3*69 

4*97 

2*13 

1-19 

(3*77)4*29 

(1*72)2*12 

1*92 

3*61 

2*21 

0*48 

1-92 — >-3*16 

(1*32)1*61 

0*95 

2*09 

1*93 



0*62 

1*38 

1*43 
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rule. In addition, in Series I with 365 light, the Jc A values 
obtained with the lowest intensity used (figures in brackets) were 
always lower than those subsequently found, indicating again that 
the / 0 °‘ 5 rule was not being fully obeyed under such conditions. 

Taking into account the various differences manifested in the 
above tables, we can summarise the main results of our experimental 
work as follows : 

(1) Over wide ranges of /, X, and [H 2 0 2 ], the rate of photolysis 
is proportional to / 0 °‘ 5 . This behaviour is favoured by high intensi- 
ties (Fig. 1, Tables II, IX, X) ; with low intensities, a tendency 
towards a reaction of the I 0 type becomes apparent. At very high 
and at low concentrations (Fig. 9 ; Tables IX, X ; also previous 
results of Tian and of Henri and Wurmser, locc. cit .), the velocity 
tends to be proportional to the intensity. 

: (2) The velocity at constant incident intensity passes through 
a maximum as [H 2 0 2 ] is increased and then falls off (Tables III, 

iv,y,vi). 

(3) In some cases, y also passes through a similar maximum 
with increase in [H 2 0 2 ] (Tables IV, V ; Figs. 3, 4, 5, 6, 8). This is 
not always the case in the concentration range studied (Tables 
III, IV ; Figs. 4, 5, 8). 

(4) Under our experimental conditions y tends to be high ; there 
is a catalytic chain with a life of about 1 sec., becoming less with 
increase in concentration and probably also with increase in frequency 
(Fig. 2). 

(5) Both y (tables and diagrams) and temperature coefficient 
(Table VIII) under the prevailing conditions fall off as the frequency 
of the light' is increased, the temperature coefficient doing so to an 
extent independent of concentration. 

(6) A dilute solution of hydrogen peroxide containing inhibitor 
decomposes with a velocity which rises with increase in concen- 
tration at a rate proportional to the square root of the rate of the 
absorption of energy (Fig, 7). 

(7) The velocity of thermal decomposition of peroxide solutions 
passes through a maximum and subsequently falls off as [H 2 0 2 ] 
increases. In one case (Fig. 4), the corresponding unimolecular 
velocity coefficient-concentration curve also has a maximum ; other 
data (Tables IV, V) give no such maximum. The temperature 
coefficient of the rate of thermal decomposition is normal, and is 
independent of [H 2 0 2 ] over the concentration limits tested (Table 

vni). 

E. Discussion. 

To explain these very complex relations (many of them unex- 
pected, e.g., the effect of intensity in the intermediate concentration 
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xange, the relations between y and X and between [H 2 0 2 ] and 
velocity) on a simple basis is clearly impossible, and we shall at 
present confine ourselves to a brief discussion of some of the more 
salient points. 

(i) Any satisfactory theory of the photolysis of hydrogen peroxide 
solutions must first of all take into account the great similarity 
between the photochemical and thermal reactions. This is apparent 
throughout, and particularly so in Table VI, where, except for the 
lowest concentration employed, the thermal velocity and the velocity 
in 365 tipt. light are practically proportional to one another within 
the experimental error. 

(ii) The next point to emphasise is the effect of dust particles as 
demonstrated by the work of F. 0. Rice and his collaborators. 
The photochemical, and hence presumably the thermal, reaction is 
a chain reaction, and the question arises as to whether it is the 
initiation or the continuation (or both?) of the chain w’hich is a 
surface reaction. Recent workers (Williams, Trans . Faraday Soc ., 
1928, 24, 245; Pana, ibid., p. 486) on the thermal reaction conclude 
that it is initiated on the surface of the vessel or on dust particles. 

(iii) We find the temperature coefficients of the photolysis to 

decrease with increasing frequency, but to be independent of con- 
centration. This strongly suggests that they are concerned with 
the primary process only. Calculating the molar energy of activ- 
ation (E) by the method of Arrhenius, we find f£ 366 = 5850, 

E 307 w as 5380, -® 275 w* 5=3 4120 cals. With Tolman ( J . Amer. 
Ohem. Soc., 1923, 45, 2285), we can equate E to N ( I — s), where g 
represents the average energy of all molecules of peroxide and 1 the 
average energy (before absorption) of those molecules which are 
sufficiently activated by quantum absorption to be capable of 
initiating a reaction chain. The fraction of molecules (/) in this 
potentially reactive state (I) in respect of light of a particular wave- 
length will be given by er miT , from which we obtain / 365 ^ = 4x 
lO^ 5 , /307 w* 5=8 ® ^ 10~^j J^275 ^ 80 X 1(H. 

If this view is correct, it appears that only a very small proportion 
of the absorbing molecules react subsequently to absorption, and 
that therefore the reaction chains must be exceedingly long — of the 
order of 10 4 to 10 7 links, leaving out of account any deactivation 
(by whatever means) experienced prior to the inception of the chain. 

(iv) The I 0 0 * 5 relation suggests that the catalyst (of mean life 
about 1 sec.) which is responsible for the reaction chain may consist 
either of hydroxyl groups or of oxygen atoms, produced in the 
liquid phase in accordance with one of the equations 

H 2 0 2 + hv — >20i£, 
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and, when their rate of production per unit volume is sufficiently 
high, disappearing in accordance with either 

20H — > K 2 0 2 (or H 2 0 + §0 2 ), 
or 20 — > 0 2 . 

Thermochemically, these two primary light actions are both possible, 
the former absorbing 56*5 Cals, (calculated from the work of Bon- 
hoefier and Reichardt, Z. physikal. Chem. 3 1928, A , 139 , 75) and 
the latter 56-8 Cals. Referred to a single molecule, these figures 
correspond to a light quantum at about 500 p&t, i.e., in the blue- 
green region of the spectrum, whereas the longest wave-length used 
by us was 865 

(v) To account for the validity of the I 0 relation at low intensities 
and concentrations, and also at high concentrations, additional 
hypotheses are necessary. For example, we have tested the assump- 
tion that, the hydroxyl group being the catalyst, it can be removed 
unimolecularly in certain circumstances by adsorption on dust 
particles, and, under other conditions, by combination with per- 
oxide molecules to form unstable H 3 0 3 molecules which then rapidly 
react with one another. If the “ chain ” be supposed to be initiated 
by impact of such hydroxyl groups on the layer of peroxide mole- 
cules adsorbed on dust particles, and if a further type of “ de- 
activating 55 collision involving peroxide molecules be introduced, 
then the majority of the experimental facts found by us can be 
brought into line. Some, however, remain unexplained. For 
example, the predicted behaviour of solutions of concentration 2 M 
and less is not completely in accord with the (rather uncertain) 
experimental data, and further work is being done in this direction. 
Until the results of these experiments are available, it is of little 
use to discuss further either the explanation of our own results or 
their relation to the work of others. 

(vi) Two particular points may be mentioned in conclusion. 

(1) Our results with the dilute solution containing inhibitor (Fig. 7) 
can readily be explained on the mechanism referred to above. 

(2) This point relates to the values for the empirical experimental 
constant k A , contained in Table X. They vary with concentration, 
which merely shows at present that the photolysis is a complex 
one, but are also seen to rise with increasing frequency (see J., 
1929, 1587) and not to decrease, as is the case with the values of y. 
On the theory outlined above, they should be proportional to the 
square root of the coefficient (^ x ) which measures the efficiency of 
the primary dissociation process following on quantum absorption. 
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These k x values are proportional to the / values calculated above, 
and we consequently have 

(^ 1)365 mm- * (^ 1)307 mm * (^ 1)275 mm == 4:9: 80 

and hence 

(&a)365j *m * (^a)307mm * (^a )2?5 mm = 2:3:9. 

There is no quantitative coincidence between these ratios and the 
varying figures contained in Table X, but the fact that the admittedly 
incomplete theory gives even the found measure of agreement is of 
interest. 

The experiments described in this and the preceding paper were 
carried out between October 1925 and April 1928. We are indebted 
to grants received from Brunner Mond and Company, Limited, and 
from Imperial Chemical Industries, Limited, which enabled us to 
purchase the electrical instruments, quartz cells, mercury lamps, and 
rotating sector used in the work. One of us (D. W. G. S.) wishes in 
addition to acknowledge the grant made to him by the Department 
of Scientific and Industrial Research whilst a student in training. 

University of London, 

King’s College. [Received, January \§th, 1930.] 


LXXXIII . — The Angles of Floating Lenses. 

By Charles George Lyons. 

Several investigations have been made on the relationships between 
the statical equilibrium of an interface and the arrangement of the 
molecules at the boundary. Many of these studies were based on 
measurement of angles of contact ; for example, Adam and Jessop 
(J., 1925, 127, 1863) studied the variation in these angles for water 
against various solid substances which had been used in film experi- 
ments. Practically all of these earlier researches were concerned 
with the contact angles of liquids against solids, and the liquid- 
liquid angles have been comparatively neglected. 

The exact configuration of the molecules at the surface of a solid 
cannot be established except in the case of a single crystal, but at a 
liquid boundary the molecular orientation presents much less 
difficulty. It seemed probable, therefore, that the measurement of 
liquid-liquid angles of contact would yield definite information 
about the molecular basis of the interfacial equilibrium. These 
angles are most conveniently obtained as the angles of a lens of one 
liquid which is floating on another liquid, both being mutually 
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insoluble. Such angles were studied qualitatively by Quincke 
[Phil. Mag., 1871, 41, 454) and by Hardy (Proc. Boy . Soc., 1912, 
A, 86, 61), and quantitatively by Coghill and Anderson (Bureau of 
Mines Tech. Pagers, 1924, 262) ; the last two authors, however, 
used an indirect method, calculating the angle from the dimensions 
of the lens on the assumption that its shape was governed solely 
by the surface-tension forces acting at its edges. As this assumption 
need not necessarily be true, it was decided to investigate these 
angles by direct measurement. 

Expebimental. 

A drop of a liquid was placed on the surface of another in which 
it was insoluble, and the floating lens formed was held loosely in 
position by a wire just touching its surface. 


Fig. 1. 




The surface of the liquid was illuminated with a horizontal beam 
of light, and the lens was then viewed with a microscope whose axis 
was horizontal. Its image was projected on a camera, and a photo- 
graph of the magnified image was taken. The angles of contact and 
all other data were then easily and accurately measurable on the 
photographic plate. 

As the lens was illuminated parallel to the surface of the liquid 
on which it was floating, there was a possibility of distortion of the 
image by the meniscus at the walls of the containing vessel. This 
distortion was avoided (see Eig. 1) by photographing the upper 
surface of the lens in a trough filled nearly to overflowing so that 
the meniscus curved downwards, and the lower surface in a glass 
cell in which the meniscus was attracted upwards. 

The apparatus, when finally adjusted, was tested for distortion by 
three methods : (I) a circular object held vertically in the surface 
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of the liquid and perpendicular to the direction of vision was found 
to give a circular image ; (2) by means of a graduated scale it was 
shown that the magnification ratio was the same vertically and 
horizontally ; (3) pieces of wire bent into known angles gave images 
bearing these angles. The experimental arrangement therefore 
gave images of the lenses which represented their true shape. 

To obtain the angles of a given lens, the microscope was focused 
on a medial section, and the angles were measured on the photo- 
graphic plate with a protractor. The values obtained were probably 
accurate to ± 2°, the value of y, the angle formed by the meniscus 
of the supporting liquid (see Fig. 2), being the most difficult to 
obtain, as it was usually small. 

Fig. 2. 

Oleic acid on 


pa. 1*8 Pb 5*9 pB 6*9 Ph9*7 



ETHYLENE DIBROMIDE ON WATER 



PARAFFIN WATER ON 

ON WATER ETHYLENE' 01 BROMIDE 



WATER ON 
PARAFFIN 



With this apparatus, lenses of oleic acid on aqueous solutions of 
various p K were studied ; also lenses of ethylene dibromide, carbon 
tetrachloride, and nujol (medicinal paraffin) on water, and of water 
on the last three liquids. The angles made by the liquid boundaries 
at the edge of the lens with the horizontal are given in Table I, in 
which surface tensions are given in dynes /cm., and Fig. 2 contains 


Table I. 


Liquid. 

Lens. 

a. 


y « 

c lfl . 


^is* 

Water 

Oleic acid 

10° 

20° 

0° 

32*5 

15*7 

42*5 

HC1, pk 1-8 

99 

13 

28 

2 

32-5 

16*0 

44*5 

*Pb 5*9 

99 

13 

57 

0 

32-5 

11*7 

41*0 

*p R 6*9 

99 

7 

96 

0 

32*5 

9*7 

35*0 

9*7 

99 

Small 

157 

— 

32*5 

Small 

34*0 

C 2 H 4 Br 2 

Water 

34= 

99 

4 

73*0 

36*5 

38*7 

CC1 4 


28 

99 

-11 

73*0 

45*0 

26*7 

Paraffin 

99 

17 

127 

8 

73*0 

51*0 

22*0 

Water 

C 2 H 4 Br 2 

21 

25—48 

6—9 

38*7 

36*5 

73*0 

'■ >7 

CC1 4 

12 

Variable 

26*7 

45*0 

73*0 

9* _ 

Paraffin 

25 

14 

2 

22*0 

51*0 

73*0 


* These solutions were obtained bv the use of nhosnlmte buffers. 
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diagrams of the shapes assumed by the lenses under different 
conditions. [From these, it is seen that the shape can be varied 
within wide limits, the lower submerged surface being particularly 
sensitive to changes in the conditions. Alteration in the size of the 
lens within the diameter range 0*4 — 2*5 mm. caused no appreciable 
alteration in the angles. 

Discussion . 

These results show that not only the shape but also the sub- 
mergence of the lens changed when the surface tensions at the 
boundaries were varied. The fraction of the lens below the level 
of the surface of the bulk liquid ranged from 0*4 almost to unity 
for different pairs of liquids. The oleic acid series was especially 
interesting, for, as the underlying solution increased in alkalinity, the 
lens sank steadily into it, the lower surface becoming more and more 
curved and the value of p steadily rising. 


Fig. 3. 



The shape of the lens was shown in this way to be controlled 
chiefly by the interfacial tension between the two liquids. This 
tension gradually decreased from 16*0 dynes/cm. to a very small 
value as the alkalinity rose, while the individual surface tensions 
of the two liquids (against air) remained practically constant. 

These results are qualitatively explicable on the simple theory of 
the lens equilibrium. This demands that the angles should be 
controlled solely by the surface-tension forces, in such a way that 
at the edge of the drop the three surface tensions are in statical 
equilibrium as shown by the triangle of forces (Neumann’s triangle). 
These conditions may be written in the form of the two equations 

o 12 sin a — - cr 23 sin p + sin y = 0 . . . (1) 

a 12 cos a + a 23 cos P a i 3 cos y = 0 . ♦ . . (2) 

where a 12 and cy 13 are the surface tensions of the liquids (in air), and 
cj .23 is their interfacial tension, the angles being as shown in Fig. 3. 
From these equations it will be seen that if the interfacial tension 
is decreased while the surface tensions remain nearly constant, the 
lower angle of contact, (3, wall gradually increase so that <r 23 sin (3 may 
still balance the vertical component of a 12 . This angle must 



LYONS : THE ANGLES OF FLOATING LENSES. 


627 


become re-entrant if the horizontal component of the surface tension 
of the lens liquid becomes greater than that of the supporting liquid. 
The observed changes in the oleic acid lenses as the interfacial tension 
is progressively decreased are in agreement with these predictions. 

The increased submergence of the lens as the interfacial tension 
decreases follows directly from considerations of the free energy of 
the system. As the interfacial tension decreases, the surface energy 
at the liquid-liquid boundary decreases, and the area of this interface 
must increase at the expense of the other surfaces. This effect is 
analogous to the spreading of a liquid over a solid surface if the 
interfacial tension is low; and is only complicated because the 
surface of the supporting liquid is not an immobile plane as in the 
case of a solid. 

Failure of the Simple Theory . — The fact that Coghill and Anderson’s 
values of the angles did not agree with the simple theory, despite the 
fact that they were calculated on equations which should have 
secured agreement, indicated the need for a closer analysis of the 
lens equilibrium. 

It is well known that the determination of surface tensions by 
Quincke’s method (loc. cit.), based on the measurement of drops of 
liquid resting on a solid, gives values which are at least 10% too 
high. It was shown by Worthington (Phil. Mag., 1885, 20, 51) that 
this is due to the neglect of the internal pressures caused by the 
curvature of the drop surfaces. Coghill and Anderson’s equations 
must therefore involve errors of a similar magnitude. 

The lenses used in this investigation were considerably smaller 
than those used by the earlier workers, and therefore this effect 
should be present in even greater intensity. An analysis of the 
results obtained confirmed this deduction, for, when the vertical 
and horizontal components of the surface tensions * were evaluated 
in accordance with equations (1) and (2), it was found that their sum 
often differed considerably from zero. This is shown in Table II, in 
which cols. 4 and 8 should be zero if the equations were valid. 

This effect of the internal pressure may be compared with the 
difference in the angle of contact between advancing, stationary, and 
retreating boundaries of a liquid on the surface of a solid. Neverthe- 
less, there can be no direct comparison of the angles of a floating 
lens with the solid-liquid angles of contact, because the surface 
of the supporting liquid does not remain a plane. 

* The values of the surface tensions and interfacial tensions were chiefly 
taken from the International Critical Tables, Yol. 4. Those for the inter- 
facial tensions between oleic acid and aqueous solutions of various pH were 
Hartridge and Peters’s values ( Proc . Roy. Soc., 1922, A , 101, 348), confirmed 
by the capillary-rise method with the actual solutions used in this investigation. 
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Table II. 




1. 

2. 

3. 

4. 

5. 

6. 7. 

8. 



<r ia 

— 0*23 

<r is 

2?r 

0*12 

0*23 — O' 13 

2<r 

Liquid. 

Lens. 

sin a. 

sinjS. 

sin-y. 

sin 0. 

COS a. 

cos j8. cosy. 

COS0. 

Water 

Oleic acid 

5*6 

- 5*3 

0*0 

0*3 

32*0 

14*7 -42*5 

4*2 

HC1, pal-8 


7*3 

- 7*5 

1*5 

1*4 

31*7 

14*1 -44*4 

1*4 

*Pb 5*9 


7*3 

- 9*8 

0*0 

- 2*5 

31*7 

6*4 -41*0 

- 2*9 

*Pz 6*9 


4*0 

- 9*6 

0-0 

- 5*6 

32*2 

- 1*0 -35*0 

- 3*8 

0 s H 4 Br s 

Water 

40*8 

-35*9 

2*7 

7*6 

60-5 

- 5*7 -37*8 

17*0 

CC1 4 


34*3 

-44*4 

-5*0 

-15*1 

64*4 

- 7*0 -26*2 

31*2 

Paraffin 


21*5 

-40*7 

3*1 

-16*4 

69*8 

-30*7 -21*8 

17*3 

Water 

C 2 ELBr a 

13*9 

-27*1 

11*4 

- 1*8 

36*1 

33*1 -72*5 

- 3*3 




to 

to 

to 


to to 

to 




-15*4 

7*6 

6*1 


24*4 -72*1 

-11*6 

»» 

Paraffin 

9*3 

-12*3 

1*5 

- 0*5 

19*9 

49*5 -72*9 

- 3*5 


* These solutions were obtained by the use of phosphate buffers. 

Neither of these series of angles can as yet be correlated with 
the known orientation of the molecules at the interface, nor can 
the molecular mechanism which decides the values of the angles 
of contact be determined. But the significance of the angle y is 
quite clear, for it depends solely on the depth to which the lens is 
submerged. The vertical component of the surface tension of the 
lower liquid must support the lens if its weight and buoyancy do not 
exactly balance, and this component can only be zero (i.e., y = 0) 
when these two forces are equal and opposite. 

If W 1 is the weight of the lens, W 2 that of the lower liquid dis- 
placed, and r the radius of the lens, then 

2nre n sin y = W x — W 2 • • • • * (3) 

if the small correction for the lowering of the meniscus of the lower 
liquid at the edge of the lens be neglected. 

From Table III it is seen that this equation holds for all the lenses 
studied in this investigation : cols. 4 and 5 should be identical if 
the equation is valid, and the differences actually obtained are 
within the limits of experimental error. The weights were calculated 
from the cross sections of the lenses measured on the photographic 
plates, their areas and centres of gravity being determined directly. 
Weights are given in dynes and v in mm. 

Table III 




I, 

2. 

3. 

4. 

5. 

Liquid. 

Lens. 

r. 

W x . 

W z . 

Wi- W z . 

2 irrcTiz sin y. 

Water 

Oleic acid 

1*6 

1*36 

0*96 

0*4 

0*0 

Pu 1*8 

99 

2*3 

7-6 

6*1 

1*5 

2*1 

Pk 5*9 


1*95 

9*2 

8*8 

0*4 

0*0 

Pw 8*9 

JJ . . 

1-4 

5*3 

5*7 

-0*4 

0*0 

Ph6*9 

99 

1*7 

12*0 

12*9 

-0*9 

0*0 


Water 

1*46 

5*25 

4*1 

1*15 

2*4 

CCi 4 , 

99 

1*65 

12*8 

17*2 

-4*4 

-5*2 

Paraffin 

99 ■ 

0*73 

8*7 

6*4 

2*3 

1*4 

Water 

Paraffin 

1*77 

2*5 

1*4 

M 

2*4 

h 

CjHtBr, 

1*89 

17*8 

5*5 

12*3 

13*3 

. » 

' ' 99 

1*89 

11*1 

2*5 

8*6 

9-0 
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In order to obtain a more definite analysis of the conditions of 
lens equilibrium, it is necessary to make assumptions which simplify 
the problem. The lenses which have been studied were not very 
large, and as their surfaces did not depart very much from segments 
of spheres, it is justifiable to assume that they actually had this 
shape. Under these conditions, the principle of virtual work may 
be used to make a more definite examination of the statical equi- 
librium of the lens. 

Consider a lens of radius R } formed of two spherical segments of 
radii r x and r 2 , and heights h x and h 2 (Fig. 3). Then 

•S 2 = fi 2 - (r x — Kf — 2r i h i - V = 2rA - h 2 2 , (4) 
Let the lens be given a small displacement increasing its radius to 
R + dR without transference of liquid from one segment to the 
other, i.e ., without altering the volume of either segment. Then 
R . AR = r . Ah + h . Ar — h . Ah. The volume V of a segment of 
height h of a sphere of radius r is equal to izh 2 {r — -J7&), and therefore 

AV — ?u(2 hr . Ah + h 2 . Ar — h 2 . Ah) 

By the conditions of the displacement, A V = 0, hence Ar = — 
(2r — h)Ah/h, and by substitution in the above equation it follows 
that 

R . AR = —r . Ah = r . AA /27c(r — h) ... (5) 

where A is the superficial area of the segment and is equal to 2 itrfo. 
During this displacement work is done (1) by the surface tension 
forces, owing to change in superficial area of each surface of the 
lens and of the underlying liquid, (2) by the internal-pressure forces 
caused by the curvature of the lens surfaces, and (3) by gravity and 
the upward thrust of the displaced liquid, owing to the change in 
position of the centre of gravity of each segment of the lens. The 
magnitude and sign of these effects are now evaluated in turn, and 
the conditions of equilibrium are then obtained by equating their 
algebraic sum to zero. 

(1) The total work done by the surface-tension forces is given by 
the algebraic sum of the products of the surface tensions and the 
change in area, i.e., by 

a i 2 ^i + <* 23^2 — tfis'Mrc-R 2 ) cos y 
By substituting from (5), it is found that this work is equal to 
2tzR . Ai?[a 12 (l — h x /r x ) -f a 23 (l — h 2 /r 2 ) — <j 13 cos y] = 

2,tzR . Al?[or 12 cos 05 + (723 COS g — c7 13 COS y] . . (6) 

Neumann’s triangle [equation (2)] demands that the expression 
between the brackets should be zero for equilibrium. This follows 
necessarily where only the surface tensions are considered. 
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(2) Under the conditions governing the displacement given to the 
lens (i.e.y no volume change of either segment), the total work done 
by the internal pressures is found to be zero if the lens surfaces are 
accurately spherical segments, thus : The displacement of a ring of 
the surface subtending an angle co at the centre of curvature is 
Ar . (1 — cos co) + AA . cos co ; the total work done by the internal 
pressure is therefore 

. 27rr 2 A(cos 0)[Ar . (1 — cos co) + AA . cos co] . (7) 

J f 

and on integration and substitution this integral is found to vanish. 

(3) The height of the centre of gravity of a spherical segment 
above its basal plane is 

h x = £4/4 h*(r - |A) - (r - h) . . . . (8) 

The work done by gravity on the lens is — gV x p x . A h v and the 
work done by the upward thrust is therefore — ^F 2 (p 2 — Pi) * AA 2 , 
where Y x and V 2 are the volumes of the upper and lower segments of 
the lens, and p x and p 2 are the densities of the lens liquid and the 
supporting liquid, respectively. 

By differentiating equation (8) and substituting from equations 

(4) and (5), it follows that the total work from both these causes is 
equal to 

— 2t zR .AjR.gr. [|jR 2 p 2 — h x p x (r x — \h x ) — 

A 2 (p 2 ?l )( r 2 4^2)] • * • * * (®) 

Now, from the principle of virtual work, the sum of expressions 
(6) and (9) must be zero ; the conditions for equilibrium are therefore 
given by 

[<*13 cos a ~h ^23 cos p — ct 13 cos y] — g[\R 2 9 2 — h?i( r l — i&i) — 

A 2 (p 2 Pi)(^2 4 ^ 2 )] ^ 0 . • . . (10) 

This equation may be tested experimentally. All the relevant 
data are obtained from the photographic plates, and collected in 
Table IV (linear measurements being in mm., and tensions in 
dvnes/cm.). Col. 6 reproduces the values of the first term in 
equation (10) as given in Table II (col. 8) for the examination of 
equation (2) ; col. 7 contains the (negative) values of the second 
term in equation (10) which is applied as a correction to equation (2). 
The smallness of the algebraic sum of cols. 6 and 7, as given, in col. 8, 
shows that the agreement between equation (10) and experiment is 
good, and that this equation is a definite improvement on the simpler 
equation (2) derived from Neumann’s triangle. Lenses of carbon 
tetrachloride, ethylene dibromide, and paraffin on water still show a 
serious discrepancy. In these cases, the photographic records 
indicated that the segments were markedly divergent from spheres 
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Liquid. 

Lens. 

1 . 

R. 

Table IV. 

2. 3. 

h . r x . 

4. 

5. 

r 8 . 

6. 

So-cos 9. 

7. 

8. 

Water 

Oleic acid 

1*6 

0-16 

77 

0*20 

4*15 

4*2 

—1*3 

2*9 

0*6 

pa 1*8 

Pa 5*9 

Ph 6*9 
pa 6*9 

Pa 9*7 

2-3 

0-32 

8-1 

0*60 

5*36 

1-4 

-0*8 


1-95 

0*24 

87 

1*07 

2*50 

-2-9 

2*4 

-0*5 


1-40 

0-10 

14*1 

1*37 

1*54 

-3*8 

3*9 

0*1 


1*7 

0-10 

12-1 

1*83 

2*1 

-3*8 

3*5 

—0*3 

n 

1*7 

0-0 

— 

1*6 

1*6 

-0*5 

(app.) 

-1*5 

-2*0 

(app.) 

Water 

Paraffin 

1-77 

0-40 

475 

0*28 

8*3 

-3*5 

37 

0*2 

C a HiBr» 

1-89 

0-41 

6-8 

0*49 

476 

-3*3 

2*0 

— 1*3 



1-89 

0-41 

6-8 

Ml 

17 

-11*6 

8*0 

-3*6 

C.FjBr, 

Water 

1*46 

0-47 

2’ 60 

0*85 

1*9 

17*0 

-1*8 

15*2 

CCL 

1*65 

0-46 

2*80 

171 

1*6 

31*2 

1*0 

32*2 

Paraffin 

„ 

073 

0-09 

250 

2*44 

1*3 

17*3 

—2*2 

15*1 


(the lenses of oleic acid on very alkaline solutions were also not 
spherical), and the discrepancy between theory and experiment must 
be attributed to this fact. When the lens surfaces approach 
segments of spheres satisfactory agreement is obtained. It is 
seen that Neumann's triangle is obeyed only for very large drops, 
in which forces other than the surface tensions are negligible. 

Fig. 4. 

Light petroleum Light petroleum 


Soap solution Soap solution + calcium chloride 

Floating Lenses at the Liquid-Liquid Interface . — When water was 
placed at a light petroleum-aniline interface, it spread completely 
over it, but when the surface tension of the water was lowered by the 
dissolution of a small quantity of soap (0*01% of sodium palmitate) 
a floating lens was obtained of which the angles were a = 30°, 
p = 76°, y = 0°. Lenses of aniline were similarly formed at the 
light petroleum-soap solution interface, the angles being <x = 14°, 
p = 52°, y = 14°. 

It was thought the addition of calcium chloride to the soap 
solution might prove interesting from the point of view of the theory 
of emulsions. Actually, such addition did alter the angles of the lens, 
and when sufficient calcium chloride was added to carry the solution 
over the inversion point, the angles became a = 25°, p = 24°, 
y = 0°, for a lens of aniline between light petroleum and the aqueous 
solution, and a = 25°, p = 95°, y = 35°, when the aqueous solution 
was floating between the other liquids. The former case is the 
more interesting, for here it was clearly seen that the alteration of the 
lens shape was illustrative of the phenomenon of emulsion inversion 
(compare Fig. 4), the curvature of the lower surface being greatly- 
diminished owing to the tendency to curve in the opposite direction. 
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When these observations were compared with those on oleic acid, 
where a large curvature was associated with a low interfacial tension, 
it was seen that this tendency towards inversion could be explained 
by the raising of the interfacial tension 

Bancroft and Tucker (J. Physical Chem 1927, 31, 1681) have 
deduced that the character of an emulsion is determined by the 
sign of the difference <r 23 — • c 12 . If ^ 23 ^ >c i 2 ^he water will tend to 
be emulsified in the oil, but if cj 23 <<j 12 the oil will tend to be emulsified 
in the water. The present observations support these conclusions 
by direct experiment, since it is concluded that the raising of the 
interfacial tension a 23 is favourable to inversion from oil in water 
to water in oil. 

The changes occurring when the soap solution lies between the 
aniline and the light petroleum were neither as large nor as definite 
as in the case just considered. This may now be attributed to the 
fact that 023 and cr 12 were affected in roughly the same proportion. 

The Mechanism of Emulsification by Soap. — Practically all the 
theories advanced to explain emulsification have received much 
adverse criticism, and Bancroft and Tucker believe that the surface- 
tension relationship mentioned above affords the only criterion by 
which the character of the emulsion can be decided. An objection 
to this view is that it gives no clue to the molecular mechanism of 
emulsification. 

An attempt has been made to elucidate the mechanism in the case 
of emulsification by soap. The explanation tentatively suggested 
is based on the results of experiments on film dissolution (Lyons and 
Bideal, Proc. Roy. Soc., 1929, A , 124, 343), and on a modification of 
the wedge theory of emulsions. This theory in its original form broke 
down when it was shown that the molecules in the interfacial film 
were by no means close-packed, for Griffin (J. Amer. Chem . Soc., 
1923, 45, 1648) found that the area occupied by a soap molecule at 
the oil-water interface was 44 A.U., whereas Harkins and Beeman 
(ibid., 1929, 51, 1674) showed that an emulsion could be formed with 
an interfacial area of 190 A.U. 

The film experiments proved that a residual bimolecular film of 
acid soap was the stable surface configuration on alkaline solutions. 
It was thought that such a bimolecular leaflet might also be present 
at the oil-water interface, in which case it would have a profound 
influence on the emulsifying power of the soap solution. 

There was little evidence by which the probability of this assump- 
tion could be judged,* but Briggs and Schmidt (J. Physical Chem., 

A Miss Laing {Proc. Roy. Soc., 1925, A, 109, 28) had concluded that the 
existence of the bimolecular leaflet was proved by Griffin’s results, but her 
conclusions were based on a misunderstanding. 
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1925, 19 , 479) had noticed that the stability of an emulsion of 
benzene in soap solution was increased by the addition of 0*1% of 
free alkali, although further alkali decreased the stability. It 
seemed possible that this variation in the stability of the emulsions 
might be connected with the alteration in composition of the 
residual bimolecular film with change in the alkalinity of the 
solutions, and experiments were therefore devised to test this 
possibility. A series of soap solutions of known p K was made by 
the addition of caustic soda to a 0*01% sodium palmitate solution. 
A preliminary electrometric titration had been carried out to ensure 
that the solutions were made of standard alkalinity. These 
solutions were shaken with benzene under standardised conditions, 
and the stabilities of the emulsions thus , formed were compared. 
Although the experiments were only semi-quantitative, the results 
obtained were quite definite. 

On solutions more acid than p K 8*0, both the benzene-in-water 
and the water-in-benzene emulsion had but little stability, but 
that of the former phase steadily increased from p H 8*0 to 10*0 
at which it reached a maximum. The latter emulsion only attained 
an appreciable stability on solutions more alkaline than p a 10*0, 
and stability increased with alkalinity until salting-out of the soap 
occurred. Both phases were almost equally stable in the p K range 
10 — 12. It was also observed that the frothing power of a soap 
solution ran strictly parallel to the stability of the benzene-in- water 
phase, and also reached a maximum at p K 10*0. 

The existence of the bimolecular leaflet at the surface of soap 
solutions seems well-established, and the similarity between 
frothing power and emulsifying power seemed to confirm the presence 
of this bimolecular leaflet at the benzene-water interface. A 
comparison was therefore made between the p& values obtained in 
these emulsion experiments and in the film experiments, and it was 
found that they were identical. 

On solutions where a benzene-in- water emulsion is the more 
stable, the film experiments showed that the lower layer of the 
equilibrium bimolecular leaflet was not completely packed. On 
very alkaline solutions, where a water-in-benzene emulsion is the 
more stable, the equilibrium bimolecular film had considerably less 
than half the area of the original unimolecular film. On solutions 
where the two layers were equally packed, the emulsions were of 
almost equal stability. These observations, therefore, support the 
view that emulsification depends on the presence of a bimolecular 
leaflet, while a unimolecular film shows little tendency to cause 
emulsion formation. 

The mechanism of emulsification may now be pictured as follows, 
z 
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When a soap molecule is first adsorbed at the interface it will be in 
the form NaPjHP, and will thus give a double film equally packed 
on either side. On solutions less alkaline than %)& 10 the equilibrium 
lower (aqueous) layer will be less densely packed than the upper 
layer, and this equilibrium state must be reached by pne of two 
processes, viz., either a transference of molecules across the interface, 
or a curv ing of the boundary. In emulsion formation the latter effect 
predominates. In order to increase the packing of the upper layer 
and decrease that of the lower layer of the initially symmetrical film, 
the boundary curves with the upper layer inside, squeezing it and 
giving an oil-in- water emulsion. A similar analysis accounts for the 
stability of water-in-oil emulsions on very alkaline solutions where 
the lower layer is probably more closely packed than the upper. 
Over the range at which a symmetrical leaflet is stable, the boundary 
will not curve preferentially in either direction, and neither form of 
emulsion will be more stable than the other. 

These experiments have shown that this tentative suggestion of 
the bimolecular leaflet at the oil-water interface is consistent with 
the known data on emulsification by soaps. There is not yet 
sufficient evidence to show whether a similar explanation can be 
applied to other cases. 

Summary. 

The shapes and angles of liquid lenses floating On the surface of a 
different liquid have been studied by a photomicrOgraphic method. 
The angles are subject to wide variations, and are especially 
sensitive to alterations in the interfacial tension between the two 
liquids. Itr has been shown, further, that these angles differ from 
those calculated on the basis of iSTeumann’s triangle, and the causes- 
of the difference have been investigated. 

The contact angles at a junction of three liquids have been investig- 
ated "with reference to the theory of emulsification. It has been, 
suggested that emulsification by soap may be determined by the- 
existence of a bimolecular soap leaflet at the oil— water interface. 

The author desires to thank the Mineralogical Department of 
this University for the loan of the micro-camera. His th anks are 
also due to Dr. E. K.. Pideal for his assistance and encouragemeht- 
during this work. 
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LXXXIV . — The Determination of the Dissociation 
Pressures of Hydrated Salts by a Dynamical 
Method . Part HI. 

By James Biddick Partington and Reginald Joseph 
W lNTERTON. 

A full account of previous work on the subject pf dissociation 
pressures of salt hydrates is given in Parts I and II of this series 
(Partington, J., 1911, 99, 467; Partington and Huntingford, J., 
1923, 123, 160) and by Menzies (J, Amer. Chem. Soc., 1920, 42, 978, 
1952). 

Since the publication of Part II, two papers have appeared in which 
a method similar to that described has been employed (Schumb, 
J. Amer. Chem . Soc ., 1923, 45, 342; Baxter and Cooper, ibid., 
1924, 46, 923. These workers used a method almost identical 
with that used by Baxter and Lansing, ibid., 1920, 42, 419, entailing 
the measurement of the volume of air aspirated over the salt). 

Li this research the original method of Parts I and II has been 
employed, which is essentially as follows. Air, dried over calcium 
chloride and phosphoric oxide, is passed successively over the salt, 
through phosphoric oxide tubes, through a water bubbler, and 
finally through a further apparatus for absorbing water vapour. 
Since the salt and the water are both maintained at the same temper- 
ature, the weights of water absorbed in the respective series of 
tubes are, apart from small corrections applied, directly proportional 
to the vapour pressures of the salt and of the water. 

Apparatus .-— The U-tube containing the salt was 2 cm. in internal 
diameter and the total length of the column of salt was 50 cm. It 
was connected with a trap to condense part of the water vapour 
before the moist air reached the absorption tubes (see Part I). The 
water bubbler had a similar trap fitted. This part of the apparatus 
was immersed in an electrically controlled thermostat, steady to 
within ± 0-01°. 

The absorption apparatus consisted of two U-tubes fitted with 
glass stoppers and filled with phosphoric oxide and glass wool. 
Only the first tube was weighed, the other acting as a guard tube 
between the absorption tube proper and the water bubbler or the 
aspirator. The traps and corresponding absorption tubes were 
weighed together. 

Air was drawn through this apparatus by an aspirator bottle of 
10 litres capacity, out of which water was siphoned. This bottle 
was fitted with a mercury manometer to indicate the difference 
in pressure between the atmosphere and the inside of the bottle. 
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Before passing through the apparatus, the air was dried and freed 
from carbon dioxide by passage through (i) a sulphuric acid bubbler 
which also served to indicate the rate of flow, (ii) a series of caustic 
soda tubes, (iii) a calcium chloride tube, and finally (iv) a phosphoric 
oxide tube, since this reagent was used in the absorption tubes. 

When in use the ground joints were cemented outside with 
Faraday wax, with the exception of the joints in the traps, which 
were lubricated with petroleum jelly. Both the wax and the jelly 
were removed by cotton wool and benzene before the respective 
parts were weighed. The traps and tubes were weighed against 
counterpoises of similar structure. 

Materials. — ( 1 ) Disodium hydrogen phosphate dodecahydrate, 
Na 2 HP0 4 , 1 2H 2 0 . A.R. Salt from BJD.H. was used after one re- 
crystallisation. A small amount of the heptahydrate was prepared 
by crystallising the salt above 36°, the transition point between 
these two hydrates being at 35-4° (D’Ans and Schreiner, Z. physikal . 
Chem ., 1911, 75, 99). An intimate mixture of the two powdered 
hydrates was used. This overcame the necessity of passing air 
through the salt for a considerable time before the actual determin- 
ations were commenced, as had been done previously, since the two 
phases were present from the start. 

(2) j Disodium hydrogen arsenate hydrates . In Part II, dissociation 
pressures of sodium arsenate dodecahydrate were determined at 
25°, 30°, and 35°. It was pointed out that the result at 25°, viz., 
11*10 mm., did not agree with that obtained by Lescceur (Compt. 
rend. 1887, 164 , 1171 ; Ann. Chim . Phys ., 1890, 21 , 556), viz., 
9*8 mm. at that temperature. At 30° the difference was only 
0*25 mm. Lescoeur had, however, indicated a transition point at 
23° between two hydrates to which he assigned the formulae 
“ 2NaO,AsO s ,25HO ’’ and ££ 2Na0,As0 5 ,15H0,’’ which correspond 
with the dodeca- and hepta-hydrates Na 2 HAs0 4 ,12H 2 0 and 
Na 2 HAs0 4 ,7H 2 0. Confirmation of this transition was obtained by 
Rosenheim and Thon (Z. anorg. Chem., 1927, 167 , 7), who found 
that the solubility curve for sodium arsenate in water shows a 
marked transition at 22° between these two hydrates. It was 
clear, therefore, that the determinations above 20° were in need of 
revision. 

Tilden (J., 1884, 45, 269) gives the m. p. of sodium arsenate 
dodecahydrate as 28°, but if this were correct the results in Part II 
could not have been obtained, since the apparatus employed would 
have become choked with the fused salt. Lescoeur says that the 
salt partially melts at 23°. Actually, at 22°, we found that the salt 
becomes only damp, and this increases with temperature until the 
salt finally becomes completely liquid; this liquid becomes clear at 
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56*2°, and is then a true solution of the heptahydrate. The liquid, 
when supercooled to, say, 40° and seeded with a crystal of salt, 
deposits crystals of the heptahydrate and the temperature rises to 
56*2°. There is a similar evolution of heat at 22°, but this is not 
so well marked. The original tube used in Part II was available 
and it showed that the salt used had not undergone fusion. 

It was hoped that the dissociation-pressure curves would also 
show the transition point at 22° with some accuracy, but it became 
clear that the solubility curve (Rosenheim and Thon, loc . cii.) pro- 
vided a more accurate result, as the angle between the dissociation- 
pressure curves is small. We have therefore, in calculating the heats 
of hydration and plotting the curves, assumed that the latter 
actually cut at 22°, an assumption which was made very probable 
by the actual results. 

The dodecahydrate was prepared by crystallising the salt below 
22° ; it is efflorescent at room temperature in air. The heptahydrate 
was similarly prepared by crystallisation above 22°, viz., at about 
30° ; this hydrate does not effloresce appreciably at room temper- 
ature in air. The anhydrous salt was obtained by heating the 
crystalline salt at 120° until it lost its water of crystallisation. The 
appropriate pairs of phases were then intimately mixed and used in 
the U-tubes as indicated above. 


Results. 


The method of working out the results is the same as that used 
in Part II of this series. The equation derived,* with which the 
results are calculated, is 

w i - ( B b \ p 
_ p'KB w *-\B~b-Tzr 

^ = FF7I = ~ - &) 


B + ^i x. 
W 9 


rZE L a ' 

• \j5-_ b-Tt) 


where p is the dissociation pressure of the salt at t ° ; w t and w 2 are 
the weights (in grams) of water vapour absorbed from the salt and 
the water, respectively; re is the vapour pressure of water at f ; 
B is the barometric height ; and b is the difference of levels in the 
gauge fitted to the aspirator. All pressures are given in mm. of 
mercury. 

This method corrects for ; (a) the pressure difference between 
the air in the bottle and the atmosphere ; (b) the head of water in 
the bubbler; (c) the larger volume of the moist air in equilibrium 
with the water as compared with that in equilibrium with the salt. 


* The formula given on p. 167 of Part II was incorrectly reproduced, but 
all the results given in that paper were in fact calculated by the correct 
formula as now given. 
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Sodium arsenate dodecahydrate in presence of heptahydrate. 


Temp. 14-90° ; it = 12*706 mm. 



■»«• 

J5. 

6. 

P* 

0*0162 

0*0403 

762*5 

22 

5-16 

0-0202 

0*0491 

757*0 

22-5 

5-27 

0-0172 

0*0430 

756*9 

22 

5-13 

0-0186 

0*0442 

753*8 

22*5 

5*38 

0*0193 

0-0468 

761*5 

20 

5-29 

0*0174 

0*0431 

766-2 

19*5 

5-17 

0*0178 

0*0439 

753*6 

22 

5-20 

0*0178 

0*0439 

757*3 

22 

5-29 

Mean result : 

: Ptt*90° 

= 5-24 mm. 


Temp. 20°; tt — 17*535 mm. 



w z . 

B . 

6. 

P* 

0-0236 

0*0562 

761-2 

21 

7-47 

0*0197 

0-0482 

769*06 

20-5 

7*27 

0*0179 

0*0417 

774*3 

19-5 

7*42 

0*0228 

0*0544 

759*5 

20 

7-25 

0*0198 

0*0478 

756*2 

20 

7*23 

0*0179 

0-0430 

772-7 

18-5 

7-41 

0*0209 

0-0488 

760*05 

18*5 

7-50 


Mean result : p 2 o° = 7*36 mm. 


Sodium arsenate heptahydrate in presence of anhydrous salt. 


Temp. 24*92°; v = 23-658 mm. 


0-0499 

0*1197 

762*87 

18*5 

9*95 

0*0417 

0-1002 

762*9 

19*7 

10*07 

0*0454 

0*1019 

769*6 

19 

10*11 

6*0433 

0-1013 

766-9 

20 

10*20 

0-0430 

0-1029 

765*6 

19-5 

10-11 

0*0435 

0-1039 

780-9 

19 

10*12 

0*0408 

0*0972 

763*4 

19 

10-16 

0*0463 

0-1054 

781-7 

20 

10*14 

0*0423 

0*1047 

770*3 

19 

9-80 

0*0430 

0-1013 

764-6 

19*4 

10*28 

0*0468 

0*1057 

772*7 

20 

10-17 

0*0464 

0-1131 

766-5 

19*7 

9-93 

0*0423 

0-1043 

775*0 

21 

9-82 

- 0*0501 

0-1193 

764-15 

18*5 

9*73 

0-0444 

0-1088 

773*4 

21*5 

9-86 











Mean result : 

P 24*92° : 

= 9*98 mm. 

Temp. 30° ; 

it = 31*824 mm. 

Temp. 35° ; 

77 = 42-175 mm. 

0*0417 

0-0939 

766*9 

28 

14-48 

0*0684 

0-1434 

767*1 

22 

20*75 

0*0443 

0-0993 

763*0 

25 

14-55 

0*0639 

0-1341 

763*0 

22 

20*73 

0*0486 

0-1109 

762*0 

26-5 

14*30 

0*0603 

0-1275 

757-2 

22 

20-56 

0*0439 

0*1010 

758-3 

25*6 

14-20 

0*0723 

0-1515 

758*0 

21 

20-75 

0*0489 

0*1112 

768-7 

25 

14*34 

0*0717 

0-1509 

749*3 

22*5 

20-67 

0-0389 

0*0870 

761-2 

25 

14-60 

0*0619 

0-1296 

760*0 

19 

20-78 

0*0428 

0*0958 

759-0 

24-2 

14-60 

0*0601 

0-1254 

757*7 

22 

20-84 





0*0597 

0-1250 

753-2 

23 

20-77 

Mean result : 

Pso° — 1^-39 

mm. 

Mean result : 

P35° = 

20*73 mm. 

Sodium phosphate dodecahydrate 

in presence of heptahydrate . 


Temp. 14*90° 

; ?r = 12-706 

mm. 

Temp. 20° ; 

77 = 17-535 mm. 

0-0358 

0*0513 

751*0 

22 

8-91 

0*0472 

0*0661 

748-3 

22 

12-91 

0*0328 

0*0468 

757-7 

20 

8-95 

0*0503 

0-0703 

752*4 

22 

12-94 

0*0354 

0*0507 

758-1 

19*5 

8*92 

0*0487 

0-0681 

757-3 

21 

12-91 

0*0368 

0*0529 

759-0 

22 

8*87 

0*0453 

0-0637 

755*7 

20*5 

12*90 

0*0401 

0*0569 

762-5 

21 

9-01 

0*0496 

0-0691 

762*0 

22 

12*95 

0*0372 

0*0534 

768-2 

22*5 

8*90 

0*0521 

0-0727 

763-1 

22*5 

12*95 

0*0385 

0*0549 

760*0 

22*5 

8*96 

0*0453 

0-0633 

764*3 

22 

12*94 

Mean 

. result ; 

Pm*90* = 

: 8*93 mm. 

Mean result : 

: Pa o* = 

12*93 mm. 

Temp. 24*92° 

; 7r = 23*658 mm. 

Temp. 30°; 

77 = 31*824 mm. 

0-0755 

0*0933 

768*3 

16 

19*27 

0*0905 

0-1064 

767*06 

23 

27*29 

0*0678 

0*0838 

773*6 

15*5 

19-14 

0*0815 

0-0974 

769*6 

22 

26-86 

0*0710 

0*0884 

764*6 

16 

19*01 

0*0786 

0-0915 

768*8 

21 

27*47 

0*0650 

0*0818 

764*5 

16 

18*97 

0*0695 

0-0836 

769*3 

21 

26*66 

0*0696* 0*0855 

762*05 

18 

19*14 

0*0695 

0*0828 

768*6 

21 

26*92 

0*0707 0*0874 

761*9 

11 

19*27 

0-0801 

0-0934 

755-4 

2Q*5 

27*48 

0*0602 

0*0745 

760*6 

17 

19-27 

0-0724 

0-0870 

753-1 

21 

26*71 

0*0571 

0*0710 

759*3 

16 

19-18 




0*0698 

,0r0864 

756-9 

16 

19*27 






0*0605 

0*0759 

748*06 

19*5 

19*61 






0*0714 

0*0890 

755*12 

19*1 

19*14 






, Mean result : 

Pi 4 * 94 * = 

19*10 mm. 

Mean result 

s Pa o° = 

= 27-05 mm. 
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Discussion . 

The foregoing results are collected in Table I, and Fig. 
the curves obtained by plotting p against t and also log j 
IJT (where T = t + 273°). The logarithmic plots are 


in. 639 


1 shows 
' against 
straight 


Fig. 1. 
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lines, and in the case of sodium arsenate there is a definite inter- 
section of the lines for the two hydrates. It has been pointed out, 
however, that this is not a very accurate method of finding the 
transition point. 

’For comparison with those of other authors, the present results 
were plotted and the values for 15° and 20° interpolated. Where 
possible, results for 15°, 20°, 25°, and 30° were found by a similar 
process from results of previous workers. In the case of Lescceur’s 
results for sodium arsenate this was not possible, as the points did 
not lie on a regular curve. The same was found to be the case with 
the results of Muller Erzbach (Ber., 1887, 20 , 137; Z. physikal. 
Chem., 1896, 19, 134) above 20°. 

Sodium arsenate. Lescoeur gives, for this salt, three series of 
vapour pressures, one for each of the two hydrates, and one for the 
saturated solution. His results for the dodecahydrate and the 
solution led to comparatively smooth curves and the vapour pressure 
is given for both as 16 mm. at 20° ; but those for the dodeca- and the 
hepta-hydrate do not agree with ours, being : at 15°, 11*5 mm. 
and 3*4 mm. respectively, and at 20°, 16 mm. and 4*6 mm. 
respectively. The only comparable results are : 

At 25° : This research 10 mm. ; Lescoeur 9*8 mm. 

At 30° : This research 14*39 mm. ; Lescoeur 15 mm. 

Sodium phosphate. The results given by Lescoeur (Ann. Ghim. 
Phys., 1890, 21 , 548) for this salt are identical in every way with 
those given by Debray (Compt. rend., 1868, 66, 194). Table II 
compares the results of several previous workers with the present 
results. 


Table II. 

. , Pl! ’’ 

Author. mm. 

Pso'> 

mm. 

2>25V 

mm. 

mm. 

Debray ? (interpolated) 

9*0 

13*0 

18-2 

27-1 

Muller Erzbach f (interpolated) 

Frowein } (interpolated) 

9*0 

8*84 

13*5 

12*6 

18*6 

28 

Foote and Scholes § 

Wilson [| 

Baxter and Cooper *f 

This research 

8-93 

8-95 

12*93 

18 

19*13 

19*05 

19*18 

27-05 

* Loc. cit. 
f Loc . cit. 

} Z. physikal. Chem 1887, 1, 362; 

“ Kevue de Chimie physique 

d’Ostwald 


et van ’t Hoff,” t. ii, p. 362. 

§ J. Amer. Chem. Soc., 1911, 33 , 1309. 
II Ibid., 1921, 43 , 704. 
f Ibid., -1924, 46 , 923. 


Seats of Hydration . — The heats of hydration were calculated from 
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the dissociation pressures by the Clapeyron-Clausius equation in 
the form 

«(g..<» 4-576 log (&^) . . (2) 

The values obtained are given in Table III. Those for sodium 



phosphate may be compared with those of Baxter and Cooper {lot. 
oil), Q being given in g. -cals. : 

$ 15 - 20 °* $ 20 - 25 °* $ 25 - 30 °* 


Baxter and Cooper 11,340 12,180 — 

Present work 11,697 11,795 11,978 


The three series of heats of hydration show an increase with rise 
of temperature, as Baxter and Cooper also found for sodium phos- 
phate, acetate, and carbonate. For the last two salts, however, 
directly determined values show the opposite effect. 

In the case of sodium phosphate hydrates, data are available for 
the heats of solution at 18° and a dilution of 400 mols. of water 
per mol. of salt. For the dodecahydrate, Thomsen (J. pr. Chem ., 
1878; 17, 174) gives — 22,820 g.-cals., and Pfaundler (Ber., 1871, 4, 
775) — 22,500 g.-cals. For the heptahydrate at the same dilution 
and temperature, Pfaundler {loc. cii.) gives — 11,300 g.-cals. 
Pfaundler’s values give the heat of the reaction 

Na 2 HP0 4 ,12H 2 0 — > Na 2 HP0 4 ,7H 2 0 + 5H 2 0(liq.) 

a* 11,200 g.-cals. (i.e., 2240 g.-cals. per mol. of water) at 18°, which 
is in satisfactory agreement with the results obtained from the 
dissociation pressures. 

Another method available for the calculation of the heats of 
hydration of the salts is based on Nernst’s heat theorem. This 
gives for the intrinsic energy change (here the quantity of heat 
liberated as found, thermochemically) : 

Q = Qo+*T* + ?>TS . . . . . . (3) 

and for the free-energy change : 

A f . = Qo~ ocTa-Jrs. .... (4) 

z2 
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a and (3 being the same constants in both equations. The values 
of At* (in g.-cals.) may be found from the dissociation pressures 
by the equation 

At* = UTloge'n/p . .. . . . (5) 

where p and n have the values assigned in equation (1) and R =* 
1-9875. 

The most satisfactory method for calculating Q 0 and a (p being 
negligibly small) from the equations obtained by applying (4) to 
each experimental temperature is that of least squares. By sub- 
stituting the values of Q 0 and a so obtained in equation (3) we obtain 
the values of Q for various temperatures. Table IV compares the 
results thus derived with those calculated by the Clapeyron-Clausius 
equation (2) as in Table IV : the former are somewhat lower than 
the latter. : ' 

Table IV. 


Qo 

P er 

mol. 

Reaction. Temp. H 2 0. 

Na 2 HAs0 4 ,12H 2 0 14*90° 542-43 

— — ^NaoHLAs0 4 ,7II 2 0 20 
+ 5H 2 0(Iiq.) 


Na 2 HAs0 4 ,7H 2 O 24*92 1646-9 

— >-Na 2 HAs0 4 4- 30 

7H a O(liq.) 35 

Na 3 HP0 4 ,12H 2 0 14-90 1186-S 

^Na 2 HP0 4 ,7H 2 0 20 

-f5H s O(Hq.) 24-92 

30 


a X 10 5 . 
43-71 


At*, Q, 
per mol. of 
H 2 0. 


Q for whole 
reaction, 
eq. (3). eq. (2). 


506-20 578*8 

504-90 579-9 


2,894\ 

2,899/ 


2,895 


1278 


510-40 2781-2 19,468} 
477-36 2820*3 19,742) 
434-21 2858-3 20,008) 


21,455 

21,644 


1180 196-95 2175-8 10,879} 

177*17 2209*6 11,048V 
153*77 2241*8 11,209{ 
97*76 2280*1 11,400/ 


11,697 

11,795 

11,978 


For sodium phosphate dodeeahydrate, by the method just em- 
ployed, Muller {J. Chim. physique, 1909, 7, 534) found from Frowein’s 
results (loc. cit) that Q — 2215-3 g.-cals. per mol. of water at 1$° 
(Q 0 » 1200-58; a = 1198-27 X 10~ 5 ). 

To values of the specific heats of the dodeca- and hepta-hydrates 
of sodium phosphate as found by Nernst, Koref, and Lindemann 
( Sitzungsber . Preuss. Alcad. Wiss, Berlin, 1910, 12 , 247), viz., 
between 34-4° and 1-9°, 0-3723 for the dodeeahydrate, and 0-3230* 
for the heptahydrate, an equation of the type 

dQJdT^C A + C 3 -C' c == erf. . . . (6) 

has been applied, in which C Af C B> and C c are the molecular heats 
of the heptahydrate, of 5H^O(hq.), and of the dodeeahydrate, 
respectively. Since the specific heats were determined over a 
wide range, t is not accurately defined but it was taken as 18°, this 
being approximately the mean of 344° and 1*9° ; a then becomes 
0-1501, which is about ten times the value calculated previously. 

There being no data concerning the specific heats of the hydrates 
of sodium arsenate, these were determined approximately over the 
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range + 16° to — 12°, the method of mixtures being used with 
.carbon tetrachloride as the calorimetric liquid. The value 0-206 
was taken as the specific heat of carbon tetrachloride at — 12° by 
interpolation from the results of Latimer (/. Amer . Ghem, Soc., 
1922, 44 , 90), Mills and MacRae (J. Physical Ghem ., 1911, 15 , 54 ), 
and Timofejew (Iszio, Kiew jpolyt, Inst,, 1905, 1). 

The results so obtained were : Dodecahydrate, 0*414 g.-cal./g.; 
heptahydrate, 0-350 g.-cal./g., whence the respective molecular 
heats are 166-3 and 109*3 g.-cals. Then, from equation (6), for the 
reaction Na 2 HAs0 4 ,12H 2 0 — >• Na 2 HAs0 4 ,7H 2 0 + 5H 2 0(Jiq.), 
a = .0-1178, again about ten times that previously calculated. 

Summary . 

The dissociation pressures of sodium arsenate hydrates have 
been redetermined, and some values for sodium phosphate hydrates 
are also given. The results obtained are : 

For the reaction Na 2 HAs0 4 ,12H 2 0 — Na 2 HAs0 4 ,7H 2 0 + 
5H 2 0, at 14-90°, 5*24 mm. ; and at 20°, 7-36 mm. 

For the reaction lfa 2 HAs0 4 ,7H 2 0 — > Na 2 HAs0 4 + 7H 2 0, at 
24-92°, 9-98 mm. ; at 30°, 14-39 mm, ; and at 35°, 20*73 mm. 

For the reaction Na 2 HP0 4 ,12H 2 0 — -> Na 2 HP0 4 ,7H 2 0 + 5H 2 0, 
at 14*90°, 8-93 mm.; at 20°, 12-93 mm.; at 24-92°, 19-10 mm.; 
and at 30°, 27-05 mm. 

The dissociation pressure-temperature curves for sodium arsenate 
show a transition at about 22° between the hepta- and the dodeca- 
hydrate. ;v. 

The heats of hydration of the same reactions have been calculated 
at several temperatures by the aid of the Clapeyron-Clausius and 
the Nernst equation. 

The specific heats of the two hydrates of sodium arsenate have 
been approximately determined. 

East London College, 

< • University or London. [Received, February 1930.] 


LXXXV . — The Ternary System Zinc Oxide-Zinc 
CMoride-Water. 

By Habold Cecil Holland. 

In the literature some 16 different oxychlorides of zinc are described 
(see, e.g., “ Gmelins Handbuch der anorganischen Chemie,” 1924, 
“ Zink,” p. 175 ; Dietrich and Johnston, J. Amer. Ohem. Soc,, 1927, 
49, 1419), but only a few need be cited in detail. From solubility 
determinations of zinc oxide in aqueous zinc chloride solutions. 
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HOLLAND : 


Driot (Compt. rend., 1910, 150 , 1426) inferred the existence of 
ZnCl 2 ,4Zn0,6H 2 0 and Znc4,Zn0,ipi 2 0, both of which he isolated. 
By treating diamminozinc chloride, Zn(^,2NH 3 ,H 2 0, with hot water, 
Andre ( ibid 1882, 94 , 903, 1524; 1888, 106 , 854) obtained an oxy- 
chloride to which he gave the formula ZnCl 2 ,8ZnO,10H 2 O ; and by 
adding water to a syrupy solution of zinc chloride, he obtained a 
compound described as ZnCl 2 ,5Zn0,8H 2 0, which was also prepared 
by Perrot (Bull. Soc . chim., 1895, 13 , 975 ; 1901, 25 , 786) by adding 
water to the anhydrous salt. 

There is little doubt that several of the supposed oxychlorides are 
mixtures, and not chemical individuals, for analyses of solid phases 
are necessarily vitiated either by the retention of mother-liquor or by 
decomposition during washing. It was therefore decided to carry 
out a phase-rule investigation of the system in order to determine the 
formulae of any oxychlorides which might exist in stable equilibrium 
with solutions. 

Although the system is a three-component one, Janecke’s method 
of representation (Z. physikal. Chem ., 1908, 51 , 32; 1911, 71 , 1) 
was preferred to the triangular method. The compositions of the 
solid phases were found by Schreinemakers’s “ residue ” method 
(Z. physikal. Chem., 1893, 11 , 76). 

Experimental. 

The reagents used in the preparations and analyses were of a high 
standard of purity, and all volumetric apparatus was standardised 
before use. Chloride was estimated by the Volhard method with. 
N /10-silver nitrate and i\f /20-potassium thiocyanate, and zinc by 
titration with potassium ferrocyanide, a concentrated sulphuric acid 
solution of diphenylbenzidine being used as indicator (Cane and Cady, 
J. Amer . Chem. JSoc., 1927, 49 , 356) : fresh indicator solution had to 
be made every few weeks in order to get the best results. All 
solutions were standardised in triplicate and checked fortnightly. 

The composition of the mixtures was arranged so as to give only 
a small amount of solid phase. At first they were prepared from 
zinc oxide and hydrochloric acid, but, as the most concentrated acid 
contains only 19*1 equivs. % of hydrogen chloride, the majority were 
prepared from zinc oxide and chloride and water. By adding some 
of the water and the zinc oxide in the form of a paste, followed by the 
hydrochloric acid or zinc chloride dissolved in the remainder of the 
water, a mixture was obtained free from lumps. If any lumps were 
present, the mixture, while still hot, was shaken So that the fine 
precipitate of oxychloride was held in suspension during transference 
to another bottle, which was then sealed and placed in a rotary 
shaker in a thermostat at 25° ± 0*1° or at 50° ± 0*05°. After the 
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required period of shaking, the bottle was placed in a clamp at the 
side of the thermostat to allow the precipitated oxychloride to settle. 
Some of the clear solution (5, 10, or 25 c.c. as convenient) was drawn 
off in a pipette and transferred to a weighing bottle; from the 
weights, the densities of the solutions were obtained. The solid was 
separated from most of the solution on a Hoesch funnel, and a weighed 
sample was taken (during filtration the solid was not allowed to 
become dry, as this would cause change in composition) ; for the 
concentrated mixtures at 25° and for all at 50°, the solid was obtained 
by transferring the remainder of the mixture to a weighing bottle at 
the temperature concerned, allowing the precipitate to settle, and 
then drawing off the supernatant liquid. The samples were washed 
into standard flasks, acidified with dilute sulphuric acid to dissolve 
oxychlorides, and analysed. From the weights of zinc and chlorine 
in a known weight of solution or residue the amounts of zinc chloride 
and oxide and hence of water were obtained. 




Solution. 

Data at 25°. 

Residue. 


No. 

X>. 

X. 

2/* 

/ 

X. 

\ 

V- 


1 

1*004 

0*001 

0*001 

0*020 

0-117 


2 

1*056 

0*009 

0*009 

0*016 

0*077 


3 

1*185 

0*033 

0*034 

0-039 

0*107 


4 

1*194 

0*034 

0*035 

0*039 

0*102 


5 

1*270 

0*049 

0*050 

0*052 

0*112 

)E 

6 

1-379 

0*075 

0*078 

0*073 

0*115 

7 

1*461 

0*094 

0*097 

0*089 

0*144 


8 

1*552 

0*113 

0*119 

0*108 

0*162 


9 

1*630 

0*134 

0*142 

0*126 

0*173 


10 

1*646 

0*137 

0*145 

0*128 

0*178, 


11 

1*692 

0*146 

0*155 

0*140 

0*197 Ei F 

12 

1*699 

0*151 

0*163 

0-167 

0*2211 


13 

1*707 

0*155 

0*165 

0*172 

0*231 1 

L 

14 

1*723 

0*162 

0*169 

0*177 

0*231 i 


15 

1*731 

0*165 

0*173 

0*183 

0*245 1 

i 

16 

1*737 

0*163 

0*172 

0*183 

0*227' 


17 

— 

0*172 

0*177 

0*189 

0*226 


18 

1*776 

0*184 

0*193 

0*215 

0*294 


19 

1*793 

0*191 

0*196 

0*201 

0*231 


20 

1*794 

0*195 

0*198 

0*211 

0*252 

10 

21 

1*835 

0*202 

0*209 

0*211 

0*243 

22 

1*873 

0*222 

0*230 

0*231 

0*270 


23 

1*900 

0*245 

0*252 

0*262 

0*331 


24 

1*971 

0*264 

0*269 

Data at 5 0°. 

0*266 

0*299/ 


1 

1*050 

0*009 

0*009 

0*018 

0*075^ 


2 

1*452 

0*091 

0*095 

0*091 

0*116 

•E 

3 

'• — 

0*143 

0*153 

0*141 

0-166/ 


4 

— 

0*144 

0*153 

0*161 

0*2141 

■F\ 

5 

1*689 

0*154 

0*161 

0*167 

0*211/ 

6, 

1*711 

0*159 

*0*167 

0*175 

0*211 \ 


7 

1*713 

0*160 

0*168 

0*177 

0*215 

G 

8 

1-716 

0*165 

0*171 

0*192 

0*248 

9 

1*816 

0*200 

0*205 

0*211 

0*245/ 
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The equilibrium diagram is a square* of unit side, the corners 
representing the four substances in the equilibrium 
|H 2 0 + JZnOlg ^ HC1 + £ZnO 

a b c d 


Fig. 1. 



H a OO 0-1 0*2 0-3 0-4 HC1 


25° Isotherm. 

the respective equivalents being as shown. Since these four sub- 
stance^ correspond to only three independent variables, any phase 
may be fully defined by a point such that x — ( b + c)j(a + b -f c + d) 
andy = (6 -f d)f(a 4* b + c + d) and the composition . will be given 
by the formula (1 «*— y)H 3 0 + {y — #)ZnO + a?ZnCl 2 , where a; and y 
follow from the analyses. 

■ } * Only the Levant portion is shown m Figs. 1 and 2. 
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In the tables the compositions of the solutions and residues are 
given in terms of * and y, the solid phase being shown by the letter 
correspo nding to the intersection of the tie lines in the diagrams ; 
thus E = ZnCl 2 ,5Zn0,8H 2 0 ; F = ZnCl 2 ,ZnO,2H a O ; G = 

ZnCl 2 ,ZnO,HaO. 

..... Fig. 2. 

ZnO ZnClj. 



' 50° Isotherm. 

Since the time of shaking required for the mixtures to reach 
equilibrium was dependent on the 'concentration, two complexes 
(Nos. 3 and 4) of similar composition were prepared. Although one 
of these was shaken at 25° for 24 hours and the other for 72 hours, 
the same solid phase was present in each case, showing that for 
mixtures of this or higher concentration one day’s shaking was 
sufficient. When several very dilute mixtures were shaken for only 
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3 days, the conjugation lines did not intersect at a point ; but when 
two such complexes (Nos. 1 and 2) were shaken for 21 days, these 
lines intersected those of other complexes at a definite point E 
(Fig. 1) corresponding to ZnCl 2 ,5Zn0,8H 2 0, showing that 3 days’ 
shaking was insufficient. This compound is the same as that ob- 
tained by Andre and by Perrot ( loco . cit . ) . As the solution of complex 
1 having this solid phase had x = y = 0*001, it is clear that the range 
of existence of zinc oxide or hydroxide in contact with solutions 
containing zinc chloride must be very small. 

No evidence was obtained for the existence of the solid, 
ZnCl^ZnOjipigO, reported by Driot (loc. cit.). As the curve ab 
was increasing at the expense of the others with decrease in temper- 
ature, it is quite probable that his solution coincided with the 
transition point of the curve so that his solid was a mixture 
of ZnCl2,Zn0,2H 2 0 and ZnCl 2 ,Zn0,H 2 0. This explanation is 
strengthened by the fact that he reported only one solution having 
the solid phase ZnCl^ZnOjl JH 2 0 in equilibrium. 

At 50°, the diagram (Fig. 2) was of the same form as at 25°, the 
only difference being that the area Gcb had encroached upon the area 
Fba , showing that ZnCl^ZnO.H^O can exist in stable equilibrium 
with solutions containing less zinc chloride than at 25°. 

It is of interest that several other elements of Group II of the 
periodic system give oxychlorides corresponding with two of those 
now found for zinc : e.g., CaCl2,Ca0,2H 2 0, MgCl 2 ,Mg0,H 2 0, and 
CdCl 2 ,Cd0,H 2 0. 

Summary. 

1. Equilibria existing in the three-component system ZnO- 
ZnCl 2 -H 2 0 at 25° and 50° have been studied, and the com- 
positions of the stable solid phases determined. 

2. Evidence has been obtained for the existence of two new 
oxychlorides of zinc, viz., ZnCl 2 ,Zn0,2H 2 0 and ZnCl^ZnOjHgO ; and 
only one of those formerly described, viz., ZnCl^SZnOjBH^O, exists 
in stable equilibrium in the range of concentrations used. 

3. The same series of solid phases was found at 25° as at 50°. 

In conclusion, I wish to thank Dr. Denham and Mr. Packer for 
their interest in this work. 

Cantebbtjby College, New Zealand. [Received, January 2Sth, 1930.] 
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LXXXVI . — Crystalline a-Methylmannofuranoside 
( y-M ethylmarinoside ). Parti . 

By Walter Norman Haworth and Charles Raymond Porter. 

Until very recently the synthesis of homogeneous forms of the 
y-alkylhexosides had not been possible owing to the lack of appro- 
priate experimental methods . Latterly it has been shown, however, 
that the crystalline a- and (3-forms of ethylglucofuranosides (y-ethyl- 
glucosides) are obtainable through the sugar carbonates (Haworth 
and Porter, J., 1959, 2796). A further example of this mode of 
synthesis is now communicated from which it is seen that crystalline 
a-methylmannofumnoside (the a-form of y-methylmannoside) is 
derivable from mannose dicarbonate (Haworth and Porter, this 
vol., p. 151). The mannose dicarbonate (mannofuranose di- 
carbonate) (I) undergoes methylation with either diazomethane or 
methyl iodide and silver oxide and yields the crystalline methyl - 
mannofuranoside dicarbonate (II). Elimination of the carbonate 
residue from the latter by the agency of barium hydroxide leads 
to the formation of the desired crystalline a-methylmanno- 
furanoside (III). 


OC< 0 ‘9 H : 

^OCH. 



OC< 



HO-CH. 

HO-CH 


H 1 OMe 
H H 
(II.) 



This substance is hydrolysed with much greater rapidity than the 
normal a-methylmannopyranoside, although it is slightly more 
stable towards N /100-hydrochloric acid than the corresponding 
glucofuranoside. The physical properties of this new five-atom 
ring form of methylmannoside are compared with those of the 
pre-existing six-atom ring form which was prepared by Fischer 
and Beensch (Ber., 1896, 29, 2927). 

M. p. [a f‘. 

a-Methylmannofuranoside 1 1 S ; — 119 ° 4 - 113 ° 

a-Methylmannopyrano&ide ................... 190^-191 +79 

In the following paper by Haworth, Hirst, and Webb the chemical 
properties of the new methylmannoside are described and the proof 
of its constitution (III) is adduced. It is expected that further 
experiments which are being conducted will lead <to the isolation of 
the stereoisomeric (3-methyhnannof uranoside. 
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Experimental. 

Methylation of Mannofuranose Dicarbonate . — (a) With diazo- 
methane . Diazomethane obtained from 0-5 c.c. of nitrosomethyl- 
urethane was distilled together with 4 c.c. of dry ether into 0-5 g. of 
mannose dicarbonate dissolved in 4 c.c. of dry dioxan (containing 
a trace of ether) which had been cooled to 0°. The cooling was 
continued during 2 hours. The solution acquired a yellow colour, 
gas was evolved, and a small amount of yellow syrup separated. 
By pouring off the solution and allowing it to evaporate at the 
ordinary temperature, about 0*1 g. of a crystalline material was 
obtained, m. p. 170—172°, identical with themethylmannofuranoside 
dicarbonate obtained in the following way. 

(b) With methyl iodide and silver oxide. Mannose dicarbonate 
(0*4 g.) was dissolved in methyl iodide containing a little acetone 
and small amounts of silver oxide were added at intervals during 
\ hour, whilst the solution was heated below the boiling point. 
Prolonged contact with large excesses of silver oxide is harmful. 
The solution was filtered and the residue was extracted with boiling 
acetone. The original filtrate and the acetone extracts were 
evaporated and the residue was again treated with the methylating 
agents as before. The filtrate from the second treatment yielded on 
evaporation 0T5 g. of a crystalline product, sparingly soluble in 
ethyl acetate and obtainable from this solvent as colourless crystals, 
m. p. 172— 173° (decomp;) (Found : C, 43-75; H, 4*3; OMe, 12*2. 
C 9 H 10 Og requires C, 43*9; H, 4*1; OMe, 12*6%). 

The methylmannofuranoside dicarbonate did not reduce Fehling’s 
solution, but gave a precipitate of barium carbonate on being 
warmed with barium hydroxide solution. It did not undergo rapid 
hydrolysis with iV/10-hydrochloric acid; but after being heated 
with ^-hydrochloric acid at 90°, it gave a product which rapidly 
reduced Fehling’s solution. It showed [a]^ + 87° ; [ajgjj + 98° 
(c, 2*45 in acetone). 1 

ol-M ethylmannofuranoside . — The above dicarbonate, dissolved in 
a little acetone, was warmed gently with excess of barium hydroxide 
solution. Barium carbonate was precipitated, and after removal 
of the, excess of barium hydroxide by means of carbon dioxide the 
filtrate was evaporated at 45° ; the residue was extracted with ethyl 
acetate and then with methyl alcohol. Evaporation of either of 
these extracts gave crystals (yield, 95% of the theoretical). This 
product, , reCrystallised from methyl alcohol containing ether, 
formed 'ctiphxless needles, m. p. 118—119°, showing [a]$* + 113° 
(<v + 117°; («&,'.+ m°; f&K + : 137° 

(c, 0-8 in methyl alcohol) (Toimd : C, 43-25; H, 7-5; OMe, 16-1. 
C 7 H m 0 6 requires 0, 43-25 ; H, 7-2; OMe, 16-0%). ;; 
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a -Methylmannofumnoside is readily soluble in water or alcohol 
but sparingly soluble in ethyl acetate. It undergoes hydrolysis 
with N/100-hydrochloric acid during a period of 2 hours. Its m. p. 
is depressed on admixture with a-methylmannopyranoside. 

The authors are indebted to the Department of Scientific and 
Industrial Research for a grant in aid of this work. 

Univebsity of Birmingham, 

Edgbaston. „ [ Received , February 13 th, 1930 .] 


LXXXVIL — Crystalline a~ Methylmannofumnoside 
(y-Methylmannoside). Part II . 

By Walter Norman Haworth, Edmund Langley Hirst, and 
7 John Ivor Webb. 

While the preceding research was in progress, leading to the syn- 
thesis of crystalline a-methylmannofuranoside from mannose 
dicarbonate, we were also engaged on the preparation of the same 
product by a more direct procedure : the condensation of mannose 
with methyl alcohol in the presence of 1% hydrogen chloride. The 
neutralised solution yielded a syrup, which was separated from 
unchanged mannose by solution in ethyl acetate. During the 
evaporation of this solvent from the extract a copious crop of 
crystalline a-methylmannofuranoside separated in a yield of 30%, 
even: though the solution had not been nucleated intentionally with 
a specimen of the mannofuranoside from the preceding synthetic 
preparation. This occurrence was repeated as frequently as we 
performed the mannose-methyl alcohol condensation/ and it became 
evident that, once a nucleus was available, a-methylmannofuranoside 
could be obtained almost as readily as a-methylmannopyranoside 
(normal a-methylmannoside). We have therefore been able to 
isolate considerable quantities of this new substance and have 
instituted a complete investigation of its properties. 

This novel variety of a-methylmannoside is shown to possess the 
five-atom ring constitution of a furanoside and it therefore falls into 
line, both in chemical behaviour and in structure, with other y-sugar 
derivatives (compare Haworth and Porter, J., 1929, 2796, and earlier 
papers). It is hydrolysed completely to mannose on being heated 
at 100° during 2 hours with N /100-hydro6hloric acid. The velocity 
coefficient was calculated to be & = 0*015 (mins, and decimal 
togarithms), whereas the corresponding six-atom ring form er 
cc-methylmannopyranoside shows a velocity coefficient k 0*0002 
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(Phelps and Hudson, J . Amer. Chem. Soc 1926, 48, 503). The 
pyranoside is, indeed, little affected by heating for this period with 
acid of this dilution and requires many hours’ heating at 100° even 
with i^/lO-acid for complete hydrolysis. 

In contact with 15% alkali at 60° the a-methylmannofuranoside 
is unaffected during 1£ hours and is quantitatively recovered after 
this treatment. It may be handled and preserved in the laboratory 
without its undergoing any change and requires the observance of 
no special precautions. 

a-Methylmannofuranoside (I) undergoes acetylation to give a 
crystalline tetra-acetyl derivative, which may be contrasted with the 
previously known three forms of tetra-acetyl methylmannoside 
(compare Dale, J . Amer. Chem. Soc., 1924, 46, 1050)^ 

Methylation with methyl sulphate and alkali effects a quantitative 
conversion of (I) into the crystalline tetramethyl o(.-methylmanno- 
furanoside (II). The tetramethyl derivative (II) is very slightly 
more stable than the initial unmethylated mannoside, and on being 
heated at 100° during 8 hours with N /100-hydrochloric acid it is 
completely transformed into the free methylated sugar, tetramethyl 
mannofuranose (III). Under identical conditions tetramethyl 
a-methylmannopyranoside undergoes little, if any, hydrolysis. 
Oxidation of (HI) with bromine water yielded the crystalline 

HO*9H 2 MeO-9H 2 MeO*9H 2 ' 

HO-CH/ U \H MeO-CH/ U V H MeO-CH/ \ H 

|^OH HO^ > I^OMe Me<^ > VOMe MeO^l > 

H | | OMe H I I OMe H | | OH 

H H H H H H 

(I.) (IX.) (III.) 






2 : 3:5: 6-tetramethyl y-mannonolactone (TV). This lactone had 
£&eady been prepared from mannose-diacetone (VI) by Goodyear 
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and Haworth (J., 1927, 3136), who determined its structure by 
oxidative degradation to £-dimethoxysuccinic acid (V), identified 
through its crystalline ester or methylamide. 

These experimental results furnish a proof of the constitution of 
the new a-methylmannofuranoside (I) and demonstrate the presence 
of a five-atom ring. From a parallel series of transformations the 
six-atom ring structure of a-methylmannopyranoside (normal 
cc-methylmannoside) has been derived. 

These observations are the more significant in view of the work of 
Irvine and Burt (J., 1924, 125, 1343), who have recorded the 
isolation, by the same procedure that we have adopted, of a liquid 
specimen of y-metbylmannoside. They have ascribed to it excep- 
tional properties. They reported that y-methylmannoside has only 
a transient existence and undergoes spontaneous conversion into 
a-methylmannopyranoside (VII). We have found, on the contrary, 
that the y-mannoside can be preserved indefinitely, without suffer- 
ing any change. They also observed that y-methylmannoside 
changes its ring structure during methylation and is partly converted 
into tetramethyl a-methylmannopyranoside. We differ from this 
view inasmuch as we have observed a quantitative conversion of 
the y-mannoside (I) into its crystalline tetramethyl derivative (II) 

> without ring displacement, either by means of methyl sulphate and 
alkali or of methyl iodide and silver oxide. 

These discrepancies are traceable to the statement by Irvine and 
Burt that, in the initial condensation of mannose with methyl- 
alcoholic hydrogen chloride, “ almost one-half of the sugar was 
recovered unchanged, the remainder being converted into the new 
y-form of methylmannoside.” By making, this initial assumption 
they were led to a mistaken view of the nature of their products. 
As might have been deduced from general principles, this reaction 
does not give exclusively y-methylmannosides. Apart from the 
unchanged mannose which is obtained, extraction of the neutralised 
product with ethyl acetate yields a mixture of at least four modi- 
fications of methylmannoside which were originally present in 
the acidified methyl-alcoholic solution before its neutralisation. 
The proportions of these in the neutralised product are not affected 
on its being kept, nor do the four under-mentioned mannosides 
undergo interconversion when they are individually isolated. As 
indicated in the experimental section, we have recovered from this 
ethyl acetate extract (a) crystalline a-methylmannopyranoside 
(VII), (b) the corresponding (B -methy lmannopyranoside (as its 
crystalline tetra-acetate), (c) crystalline a-methylmannofuranoside 
(the y-mannoside), and have found evidence also of the presence of 
(d) p-methylmannofuranoside, A corresponding mixture is obtain- 
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able also by the method originally adopted by Fischer ( Ber 1914, 
47, 1980) for the preparation of y-methylglueoside, the latter fur- 
anoside forms being present along with the a- and (3-glucopyranosides. 

In view of these facts it is not surprising that preservation of 
Irvine and Burt’s specimen of y-methylmannoside led to the separation 
of crystalline a-methylmannopyranoside from the mixture, or that 
during subsequent conversions into the tetramethyl derivatives 
evidence of this pyranose form was repeatedly encountered. Their 
final product, when freed ultimately from this impurity as they 
suggest, must also have contained p-methylmannopyranoside. 

Other discrepancies are : (1) the figures given for the rate of 
condensation of tetramethyl y-mannose with acid methyl alcohol are 
at variance with those that we have recorded. A few of their 
figures for the earlier part of the reaction can be regarded as approxi- 
mate, but only if their time intervals are read as hours and not as 
minutes . (2) Irvine and Burt record analytical figures for a ^ tetra- 

methyl dimannoSe ” which they isolated, but these are in agreement 
neither with the figures required for this compound nor for any 
closely related alternative. 

The above-mentioned misconceptions have led to some confusion 
in another connexion. For instance, Hudson (/. Amer. Chem. Soc. y 
1926, 48, 1434) has been influenced by Irvine and Burt’s observations 
in formulating his views on the ring structure of sugars; • 

Experimental. 

Preparation of K-Methylmannofiiranoside.—ls{&ru\ 08 $ (10 g.) was 
dissolved by shaking in cold dry 1% methyl-alcoholic hydrogen 
chloride (200 c.c.). After 24 hours at 20°, the acid was neutralised 
with silver carbonate and the neutral solution was evaporated to 
dryness under d i m inished pressure in the presence of barium 
carbonate. The resultant syrup was extracted ten times with cold 
ethyl acetate by agitation on a mechanical shaker and the combined 
ethyl acetate extracts were evaporated under diminished pressure. 
A syrup remained which crystallised spontaneously once a nucleus 
of a-methylmaimofuranoside (Haworth and Porter, preceding 
paper) had been introduced into the laboratory. Recrystallisation 
from methyl alcohol-ether gave pure a-methylmannofuranoside, 
m. p. 118 — 119°, [a)ff -f 113° in water (c, 1-0). A mixed m. p. with 
a sample prepared by Haworth and Porter showed no depression. 
The yield of pure material (six times crystallised) was 4*5 g. from 
15 g. of mattpose. The mother-liquors from the crystallisations 
yielded a small quantity (0*2 g.) of a-methylmannopyranoside, 
in. p. 190°, [agj* -+ 79° in water, and it is shown below that they 
obntained also g-tnethylmanhopyranoside. 
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Control experiments showed that departure from the conditions 
laid down above resulted in inferior yields of crystalline material* 
In particular, no advantage could be gained by using heavy con- 
centrations of hydrogen chloride in the initial condensation. 

Samples of crystalline a-methylmannofuranoside were kept for 
several months in an ordinary stoppered bottle in the laboratory. 
In no case was there any sign of transformation into the pyranose 
form (contrast Irvine and Burt, Zoc. cit.) and the m. p. and specific 
rotation remained unaltered. 

Hydrolysis of oc-Methylmannofuranoside with ’N/lOO-HydrocMoric 
Acid . — At 100° in iV/lOO-aqueous hydrochloric acid, hydrolysis 
of a-methylmannofuranoside was complete in about 2 hours. The 
course of the reaction was followed polarimetrically : 

t (mins.) ... 0 15 30 45 60 75 90 120 135 

[a] i)* . +113° 72*3° 51*4° 35° 28° 22-6° 18-6° 15*6° 14*8° 

(constant} 

From these figures the velocity coefficient for the unimolecular 
reaction at 100° was calculated to be Jc = 0*015 (mins, and decimal 
logarithms). 

Stability of a-Methylmannofuranoside in the Presence of Alkali s— 
In 15% aqueous sodium hydroxide solution a-methylmannofurano- 
side showed [a]jJ* + 86°. This value is lower than that observed for 
aqueous solutions and a similar difference was found in the case of 
a-methylmannopyranoside, which has [a]f?‘ +79° in water and 
Mi?’ + 69° in 15% aqueous sodium hydroxide (c, 1*3). f 

The alkaline solution of a-methylmannofuranoside remained 
unaltered in rotation after being heated for 90 minutes at 60°. It 
was then neutralised by passing carbon dioxide through it and was 
afterwards evaporated to dryness. The residue was extracted with 
boiling alcohol, and after removal of the alcohol under diminished 
pressure the mixture of solid, and syrup which remained was treated 
with boiling ethyl acetate. Evaporation of the latter left crystalline 
a-methylmannofuranoside (yield, almost quantitative), which after 
one recrystallisation from methyl alcohol and ether had m. p. 110°. 
A mixed m. p. with authentic a-methylmannofuranoside showed no 
depression. 

Tetra-acetyl a-Methylmannofuranoside . — A solution of a-methyl- 
mannofuranoside (1 g.) in pyridine (8 c.c.) and acetic anhydride 
(10 c.c.) was kept at 0° for 2 days. It was then poured into water 
(100 c.c.) and the oil which separated was extracted with chloro- 
form. The chloroform solution was shaken with sodium bicarbonate 
solution until neutral, washed with water, and evaporated under 
diminished pressure to a syrup, which still contained pyridine. This 
was removed by distillation in steam at 40°, after which the residue 
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was dried at 40° /10 mm. for 3 hours, giving a syrup which resisted 
crystallisation. A small sample left on a watch-glass ultimately 
solidified and after inoculation with this the main portion crystallised 
completely (yield, .1-8 g.). Recrystallisation from aqueous alcohol 
gave tetra-acetyl oL-methylmannofuranoside as colourless needles, 
m. p. 63°, [a]jf° + 107° in chloroform (c, 1-0). This substance was 
non-reducing and was soluble in acetone, ether, alcohol, and chloro- 
form, slightly soluble in water and almost insoluble in light petroleum 
(b. p. 60— 80°) (Found : C, 49*9; H, 6-4; OMe, 8*6 ; CH 3 *CO, 48-0. 
^15H 22 0 10 requires C, 49*7 ; H, 6*1 ; OMe, 8*6 ; CH 3 *CO^ 47*5%). 
The m. p. of tetra-acetyl a-methylpyranoside is, also 63°, but in 
a dmix ture with tetra-acetyl a-methylfuranoside the m. p. was 
depressed to 40—45°. 

Acetylation of the Syrupy Residues obtained during the Preparation 
of a-Metkylmannofuranoside . — The mother-liquors from the crystal- 
lisation of a-methylmannofuranoside were evaporated to dryness 
under diminished pressure and the syrup which remained was 
acetylated with pyridine and acetic anhydride in the manner already 
described. The product was a syrup from which crystalline material 
separated on the addition of ether. This solid substance (0*4 g. from 
15 g. of mannose) after recrystallisation from absolute alcohol showed 
m. p. 156°, alone or when mixed with tetra-acetyl (3-methylmanno- 
pyranoside. It follows, therefore, that the ethyl acetate extract of 
the syrup obtained by condensing mannose with cold methyl-alcoholic 
hydrogen chloride contained [3-methylmannofuranoside in addition 
to a-methylmannofuranoside and a-methylmannopyranoside. 

After removal of tetra-acetyl (3 - me thylm annopyranoside an 
uncrystallisable syrup remained which probably consisted mainly 
of tetra-acetyl (3-methylmannofuranoside. 

Preparation of Tetrameihyl <x-Meihyhnannofurano$ide. — (a) By 
means of methyl sulphate . A solution of a-methylmannofuranoside 
(3 g.) in acetone (30 c.c.) and water (10 c.c.) was rendered slightly 
alkaline and treated at 50 — 55° with methyl sulphate (40 c.c.) and 
30% aqueous sodium hydroxide (70 c.c.), care being taken to avoid 
the development of acidity. The product (3*6 g.), after remethyl- 
ation in acetone solution by methyl sulphate (20 c.c.) and 30% 
aqueous sodium hydroxide (35 c.c.), was distilled, giving tetramethyl 
a-meihylfuranoside (3*2 g.) as a colourless oil, b. p. about 120°/0*23 
mm., which solidified completely. [a]g* +97° in water (c, 1*0). 
After recrystallisation from light petroleum (b. p. 40 — 60°), the 
substance had m. p. 24°, [a]g* + 98*6° in water (c, 1*0), + 65°, 

equilibrium rotation in 1% methyl-alcoholic hydrogen chloride 
(Found : C, 53*0; H, 8*9; OMe, 59*5. C ln H 22 0 6 requires C, 52*8; 
H, 8*8; OMe, 62*0%). 



MA^TNQ FUR ANO SIDE (y-METHYLMANNOSIDE). PART II. 657 

(b) By means of silver oxide and methyl iodide. A solution of 
a-methylmannofuranoside (3 g.) in methyl alcohol (15 c.o.) -was 
treated in the usual way with methyl iodide (40 c.c.) and silver oxide 
(20 g.). The product was soluble in methyl iodide and after three 
further treatments with methyl iodide and silver oxide the methyl- 
ation was complete. The final product was a syrup which gave on 
distillation tetramethyl a-methylmannofuranoside (3-3 g.), b. p. 
about 90°/0-05 mm, ng 1-4441, [a]§* + 98° in water (c, 4-0). This 
solidified completely when cooled in the ice-chest. Recrystallisation 
from light petroleum gave needles, m. p. 24° alone or when mixed 
with the material described above ; [a]g“ + 99° in water. 

A mixture of tetramethyl a-methylmannofuranoside, m. p. 24°, 
and tetramethyl a-methylmannopyranoside, m. p. 37°, had so low a 
m. p. that it was liquid at 5°. The two substances were further 
differentiated by comparing their rates of hydrolysis by A/ 100- 
hydrochlorie acid at 100°. The furanose derivative was completely 
hydrolysed in about 8 hours, whereas the pyranose derivative was 
scarcely affected under these conditions. The following polarimetric 
observations were made during the hydrolysis of tetramethyl 
a-methylmannofuranoside prepared by method (a) : 

t (mins.) 0 30 60 120 ISO 240 330 390 480 

[a] g +97-6° 89-2° 82*7° 72-0° 62-0° 55-5° 49-2° 43-6° 42«7° 

(constant) 

A similar experiment was carried out with material made by method 

(b) . Hydrolysis was complete in about 8 hours and the polarimetric 
observations were in exact agreement with those just given. 

Tetramethyl Mannofuranose . — A solution of tetramethyl a-methyl- 
furanoside (2 g.) in A'/lOO-aqueous hydrochloric acid (50 c.c.) was 
heated on the water-bath until the specific rotation reached the 
constant value [a]‘$ J +43° (8 hours). After neutralisation with 
barium carbonate the solution was evaporated to dryness under 
diminished pressure and the product was extracted with boiling 
ether. Removal of the ether left a syrup which on distillation gave 
tetramethyl mannofuranose as a colourless liquid (1*3 g.), b. p. 
124°/0*1 mm., ng 1-4532, [ajff + 39°, initial value in water (c, 0*54). 
After 10 minutes, mutarotation was complete and the final equili- 
brium rotation was [a]§* + 43° ; [a]ff + 37° in methyl alcohol 
(c, 0*86) (Found : C, 50*7 ; H, 8-7 ; OMe, 51*7. C 10 H 20 O 6 requires 
C, 50*8; H, 8-5; OMe, 52*5%). 

The still residue (0*2 g.) deposited a minute quantity of crystalline 
material which will be the subject of further investigation in view of 
the known tendency of furanose compounds to undergo auto- 
condensation. 

Tetramethyl mannofuranose condensed readily with cold methyl 
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alcohol cont ainin g 0*25% of hydrogen chloride. The initial specific 
xotation, [a]ff + 35° (c, 0-81) changed to 31° after 2 minutes, 28° 
(14 mins.), 22° (36 mins.), 13*5° (1 hour), 3*7° (If hours), —2*5° 
(2J hours),. + 6° (15 hours), + 12° (17 hours), + 20° (21 hours), 
+ 31° (25 hours), 45° (40 hours), 59° (60 hours), 63° (88 hours), 67° 
(final constant value after 120 hours, calc, as tetramethyl methyl- 
mannofuranoside). The final value is in excellent agreement with 
that given above for the equilibrium mixture of the a- and (3 -forms 
of tetramethyl methyhnannofuranoside (+ 65°). The observations 
during the earlier stages of the condensation are in agreement with 
those of Irvine and Burt only if their times are read in hours instead 
of in minutes. The slower rate of reaction towards the end of the 
condensation and the lower value of the final rotation recorded by 
these authors indicate that their product was impure. 

Oxidation of Tetramethyl Mannofuranose .— Tetramethyl manno- 
furanose (1*1 g.), dissolved in water (20 c.c.), was treated with 
bromine (1*5 c.c.) for 3 days at 35°. The reducing action had then 
disappeared. After removal of the bromine by aeration the solution 
was neutralised with silver oxide. Charcoal was added to remove 
■colloidal silver and the solution was then filtered. The dissolved 
silver was next removed by titration with N /2- aqueous hydrochloric 
acid and on evaporation of the water under diminished pressure 
■crystalline tetramethyl y-mannonolactone was obtained (yield, 1*0 g.) 
which was identical with the lactone previously described by 
Goodyear and Haworth (foe. tit.). After recrystallisation from 
ether and light petroleum it had m. p. 108°, alone or when mixed 
with an authentic specimen of tetramethyl y-mannonolac tone , 
jVjiT + 65°, initial value in water (c, 0*87). 

The authors are grateful to the Government Grant Committee 
of the Royal Society for financial assistance towards the cost of 
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LXXXVIIL — Derivatives of Lyxofuranose. 

By Harold Graham Bott, Edmtjhd Langley Hirst, and 
. James Andrew Buchan Smith. 

Singe the normal variety of trimethyl lyxose obtained by methyl- 
ating a-methyl-lyxoside can be transformed successively into a 
&laotpi^ ..acid (J,, 1928, 3147), normal 
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derivatives of lyxose must belong to the pyranose type of sugar 
compounds. This conclusion is, however, in direct conflict with 
the opinions of Phelps and Hudson (J. Amer. Chem. Soc. 9 1926, 48, 
503 ; 1928, 50, 2049), who uphold the view that a-methyl-lyxoside 
is furanose in type. The arguments used by these authors are 
based entirely on optical relationships, and reasons have already 
been given (loc. cit.) for doubting their applicability in the present 
instance. The question has now been put to a further experimental 
test by the preparation of derivatives of lyxose which indubitably 
have the furanose structure. These new substances show no 
relationship to a-methyl-lyxoside but are, on the other hand, typical 
y-sugar derivatives. Lyxose therefore falls completely into line 
with all the other aldoses and ketoses which have been examined, 
in giving a series of “ normal ” derivatives which are pyranose in 
type and a series of more labile y- derivatives which have the furanose 
structure. 

The study of methyl-lyxofuranoside is of particular interest in 
view of the important claims made by Irvine and Burt (J., 1924, 
125, 1343) concerning the instability of the closely related y-methyl- 
mannoside. The latter substance is said to change spontaneously 
into the pyranose form and to yield by structural transformation a 
considerable proportion of the methylated pyranose variety on 
treatment with methyl sulphate and alkali. On this account we 
have examined the behaviour of methyl-lyxofuranoside with par- 
ticular care. No such anomalous properties have been observed. 
The substance remains unchanged on being kept for prolonged 
periods, and methylation, either by methyl sulphate or by silver 
oxide and methyl iodide, proceeds without structural transform* 
tibn. In view of these observations it seemed unreasonable to 
suppose that the configurationally related mannose derivative should 
differ so fundamentally, and experiments were instituted Vith 
“ y >!> -methylmannoside in order to decide this point. As a result 
We are convinced that Irvine and Burt’s conclusions are erroneous, 
and that in fact neither methyl-lyxofuranoside nor methylmanno- 
furanoside suffers ring displacement during methylation. The 
experimental evidence, in the case of the mannose , derivative, ds 
furnished in the preceding paper (Haworth, Hirst, and Webb). / 

The starting point of the present investigation was methyl- 
lyxofuranoside (II), which was prepared by the action of bold 
methyl-alcoholic hydrogen chloride on lyxose (I). The region 
was accompanied by a comparatively rapid rise in specific rotation, 
followed by a slow fall to a constant equilibrium value.,- A similar 
but more rapid series of change was observed in.' hot solutions. 
When the reaction was stopped fat the point of maximum rotation, 
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the product consisted mainly of methyl-lyxofuranoside, but at 
equilibrium the solution contained mainly normal a-methyl-lyxoside . 

It is well known that similar reactions occur with other reducing 
sugars and that in certain cases, notably with galactose and arabin- 
ose, a rich proportion of the methyl-furaiioside is present at equi- 
librium. Furthermore, the direct methylation of galactose by 
methyl sulphate and alkali gives a mixture of furanose and pyranose 
forms and it would be no matter for surprise should conditions be 
found under which the methylation of glucose by methyl sulphate 
would yield derivatives of glucofuranose (Whitnah, J. Amer. Ghem . 
Soc., 1929, 51, 3490). This author apparently believes that struc- 
tural determinations made by the methylation method may be 
rendered invalid by the tendency of the free sugars to yield deriv- 
atives of both the furanose and the pyranose type. It is therefore 
necessary to point out that the structures assigned to the methyl- 
glucosides and their derivatives do not depend on results obtained 
by methylating the free sugars, and that in consequence the observ- 
ations of Whitnah can have no bearing on the different opinions 
held respectively by Hudson and by Haworth and the present 
authors concerning the structure of the methylglucosides. 

Owing to the excessive solubility of lyxose and its derivatives, 
pure methyl-lyxofuranoside could not be obtained and the substance 
was examined in the form of a syrup, which contained both the a- 
and the (3-form of methyl-lyxofuranoside (75%), together with free 
lyxose (15%) and methyl-lyxopyranoside (10%). Details of the 
method of analysis are given in the experimental section. Methyl- 
lyxofuranoside showed no tendency to change spontaneously into 
the pyranose form. It was very sensitive to dilute acids, hydrolysis 
being complete in less than 20 minutes with N /15-hydrochloric 
acid at 95°. 

Treatment of the above mixture containing 75% of methyl- 
lyxofuranoside with methyl sulphate and alkali under conditions 
which ensured the destruction of free lyxose gave an excellent 
yield of the fully methylated derivative. This was a liquid which 
contained irimethyl methyl-lyxofuranoside (90%) (III) and trimethyl 
methyl-lyxopyranoside (10%). A mixture of similar composition 
was obtained by methylation with silver oxide and methyl iodide. 
It is obvious from these figures that no transformation of furanose 
derivative into pyranose took place during methylation. Trimethyl 
methyl-lyxofuranoside was very readily hydrolysed by dilute acids 
and by taking advantage of this property it was possible to obtain 
trimethyl lyxofuranose (IV) almost entirely free from the correspond- 
ing pyranose^&rrh;* This was accomplished by hydrolysing the 
mixture of normal and y-trimethyl methyl-lyxosides with N /15- 



B0TT, HIRST, AND SMITH : DERIVATIVES OF LYXOFURANOSE. 661 

hydrochloric acid at 95° ; the trimethyl methyl-lyxopyranoside 
then remained unaltered and was removed subsequently by frac- 
tional distillation. Trimethyl lyxofuranose was isolated as an 
uncrystallisable liquid with strong reducing properties, which con- 
densed rapidly in the cold with methyl-alcoholic hydrogen chloride. 
When heated, trimethyl lyxofuranose underwent autocondensation, 
two molecules uniting with elimination of one molecule of water to 
give a crystalline non-reducing substance C 16 H 30 O 9 , which was 
shown to be the hexamethyl derivative (V) of a non-reducing dipent- 
ose containing two lyxofuranose residues. The high value of the 
specific rotation, [<xj§° + 114° in water, would appear to show that 
both glucosidic groups are a- in configuration. No such auto- 
condensation was observed with trimethyl lyxopyranose (Hirst and 
Smith, toe. dZ.) and it is evident that the increased reactivity in 
the present case is to be ascribed to the presence of the furanose 
ring structure. 

Tetramethyl mannofuranose may be expected to give in a similar 
way the octamethyl derivative of a disaccharide, and it is possible 
that this condensation may have been effected by Irvine and Burt 
(loc. cit p. 1348). Unfortunately, the evidence provided by these 
authors is insufficient to show whether the compound formed is 
similar in type to that described above, and the situation is further 
complicated by the fact that the product is referred to as tetra- 
methyl dimannose. Even if this name is a misprint for octamethyl 
dimannose, there still remains the difficulty that the analytical 
composition of Irvine and Burt’s substance corresponded to the 
formula C 16 H 26 0 9 , which they ascribe to tetramethyl dimannose 
but which in fact is the formula neither of that sub- 
stance nor of octamethyl dimannose (C 20 H 38 O n ). 

The structure of methyl-lyxofuranoside and its methylated deriv- 
atives was established by the preparation of crystalline trimethyl 
y-lyxonolactone, obtained by the action of bromine water on 
trimethyl lyxofuranose. The phenylhydrazide prespared from this 
lactone was identical 'with the phenylhydrazide obtained from the 
trimethyl y-lyxonolactone which had been prepared previously by 
epimerising trimethyl y-xylonolactone (Haworth and Long, J., 1929, 
345). Since the structure of the latter substance as a y-lactone 
has been established (Haworth and Porter, J., 1928, 611), it follows 
that “ y ’’-methyl-lyxoside and its derivatives must belong to the 
furanose class. 

The conversion of trimethyl y-lyxonolactone into the acid pro- 
ceeded so slowly in aqueous solution that after 1000 hours equi- 
librium was far from being attained. The conversion of acid into 
lactone was equally slow, and in consequence only an approximate 
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value can be given for the proportion of lactone present at equi- 
librium. This appeared to be about 55%. There is a marked 
resemblance in these respects between trimethyl y-lyxonolactone 
and the stereochemically related tetramethyl y-mannonolactone 
(Drew, Goodyear, and Haworth, J., 1927, 1237). 

Confirmatory evidence concerning the structure of the trimethyl 
y-lyxonolactone was obtained by methylating crystalline y-lyxono- 
lactone, which had been prepared by oxidising lyxose with bromine 
water. A comparison of the corresponding phanylhy dra-zides served 
to prove the identity of the trimethyl y-lyxonolactone thus obtained 
with the material derived from methyl-lyxofuranoside. It will be 
seen by reference to the experimental section that the methylation. 
of y-lyxonolactone by silver oxide and methyl iodide is complicated 
by the tendency of the lactone ring to open in the presence of the 
water eliminated during the methylation process. 3Trom the silver 
lyxonate then formed, methylated derivatives of methyl lyxonate 
are obtained. 



Still further evidence of the presence of a furanose ring structure 
in trimethyl methyl-lyxofuranoside was provided by oxidising the- 
substance with nitric acid under conditions which give a quantitative 
yield of trimethoxyglutaric acid from trimethyl-lyxopyranose. In 
the present instance the product was mainly t-dimetb oxysuccinic 
acid (VII), no trace of which is obtained under these conditions- 
from trimethyl-lyxopyranose. The behaviour during the oxidation* 
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and the yield of a-dimethoxysuccinic acid, which was identified in 
the form of its crystalline methyl ester, conform exactly with, 
observations recorded during similar oxidation experiments with, 
other methylated furanose derivatives. 

When the mixture containing methyl-lyxofuranoside (75%),. 
methyl-lyxopyranoside (10%), and lyxose (15%) was methylated 
with silver oxide and methyl iodide the main product was, as 
indicated above, trimethyl methyl-lyxoside, but the process was 
accompanied by complex oxidative changes which were probably 
due to the action of silver oxide on the free lyxose present. In 
addition to trimethyl methyl-lyxoside there was obtained a small. 
amount (4%) of a crystalline substance which analysis showed to- 
be a methyl ester of formula C 4 H 5 0 2 (0Me) 2 *C0 2 Me. The possibility 
that the molecular weight corresponds to some multiple of the 
simple formula C 8 H l4 0 6 has not been definitely excluded, but the 
low b. p. of the substance renders such a contingency very improb- 
able. Further experiments are in progress by which it is hoped to 
determine the structure of this oxidation product. 

Experimental. 

Methyl-lyxofuranoside . — Polarimetric observations on a solution 
of lyxose in 1% methyl-alcoholic hydrogen chloride at 20° showed 
that the specific rotation increased gradually to a maximum value 
Md* + 72° (10 hours) and thereafter . decreased to a constant 
value [gc]'d‘ + 42° (100 hours). Similar changes took place with 
more rapidity in hot solutions, and the final product was mainly 
a-methyl-lyxoside. Accordingly, lyxose (10 g.) was dissolved in 
cold 1% methyl-alcoholic hydrogen chloride (300 c.c.) and kept at 
20° until the maximum value [a]g* + 73° was attained (10 hours).. 
The acid was then neutralised with silver carbonate, and the methyl 
alcohol removed at 30° under diminished pressure in the presence 
of a little silver carbonate. The syrup which remained was extracted 
three times with ethyl acetate at 20° and the extracts were evapor- 
ated to dryness at 30°/15 mm. A stiff syrup remained (10 g.> 
which was perfectly stable when kept in a dry atmosphere free* 
from acid fumes. It contained methyl-lyxofuranoside, methyl- 
lyxopyranoside and free lyxose. [ajg* +' 62° in water ( c = 1-07). 

On treatment with A/1 5 -hydro chloric acid at 95° rapid hydrolysis 
of the methyl-lyxofuranoside took place: [«]$* + 62° (initial) ; 
— 4° (10 mins.) ; ^ 6° (20 mins,, constant value). The rate of 
hydrolysis is much more rapid than that of a-methyl-lyxoside* 
uider similar conditions (Phelps and Hudson, loc. cit,). The con- 
centration of hydrochloric acid was then increased to N/2 and the: 
heating continued* Hydrolysis of the pyranoside was complete in. 
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50 minutes, the final rotation value being [a]g“ — 13° (eale. as free 
lyxose), which is very close to the recognised equilibrium value for 
lyxose. 

The amount of free lyxose (15%) was estimated by the Willstatter- 
Schudel method (Ber., 1918, 51, 780; Goebel, J. Biol. Chem. 9 1927, 
72, 801). Control estimations in which pure lyxose was used gave 
quantitative results. From the above figures, [a] D -f- 40° being 
taken as the probable rotation value for the mixture of a- and 
P-methyl-lyxopyranosides, it was calculated that the reaction pro- 
duct consisted of free lyxose (15%), methyl-lyxopyranoside (10%), 
and methyl lyxofuranoside (75%) (Found : OMe, 16*8. Calc, for 
the above mixture, 15*9%). 

M ethylation of Metkyl-lyxofuranoside by Methyl Sulphate —The 
mixture described in the previous section was dissolved in acetone 
(6 g. in 15 c.c.) and treated in the usual manner with methyl sulphate 
(40 c.c.) and 30% aqueous sodium hydroxide (70 c.c.). The tem- 
perature ranged from 55—70° and excess of alkali was added at 
the beginning of the reaction to destroy the free lyxose. Mefchyl- 
ation of the product (5*2 g.) was completed by the use of Purdie’s 
reagents, and the resultant non-reducing syrup (5*2 g., ng" 1*4477) 
was distilled, giving a colourless hygroscopic liquid (4*8 g.), b. p. 
about 90°/0*06 mm., ng* 1-4457, [a]ff + 52° in water (c = 0-6), 
W8’ + 41° in methyl alcohol (c = 1*3), [a]g* + 52°, equilibrium 
value after heating with 1% methyl- alcoholic hydrogen chloride. 
In iV/1 5- aqueous hydrochloric acid at 95° hydrolysis of the trimethyl 
methylfuranosidic portion of the distillate occurred rapidly : 
Mg’ + 52° (initial value); + 48° (10 mins.); -f 37° (30 mins.); 
+ 34° (50 mins., constant value). After a further 50 minutes’ 
heating with boiling N /2 -hydrochloric acid the constant value 
Mo* + 31° (calculated as trimethyl methyl-lvxoside) was attained, 
the presence of a small amount of trimethyl methyl-lyxopyranoside 
being thus indicated. Since trimethyl lyxopyranose has [«]§’ — 22° 
(equilibrium value in water) and trimethyl lyxofuranose has [aj$° -4- 
39° (equilibrium value in water; see below), it follows that the 
quantities of trimethyl methyl-lyzofuranosid e and trimethyl methyl- 
lyxopyranoside in the distillate were about 90% and 10% respect- 
ively (Found: C, 52*1; H, 8*6; OMe, 58*5. C 9 H 1S 0 5 requires C, 
52*4; H, 8*7 ; OMe, 60*2%). 

Trimethyl Lyxofuranose — The mixture (4 g.) of t-rimethyl methyl- 
lyxof uranoside and trimethyl methyl-lyxopyranoside was heated 
at 100° with iV'/lo-hydrochloric acid (100 c.c.) until the rotation 
was fa]S* -b-32° (1 hour). Under these conditions hydrolysis of 
the pyranos© form would be inappreciable. The solution was 
neutralised with silver carbonate, filtered, and evaporated under 
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diminished pressure to a mobile syrup, which was dissolved in 
ether. After removal of the ether the product was distilled, giving 
two fractions : (a) a mixture of trimethyl lyxofuranose and un- 
hydrolvsed trimethyl methyl-lyxopyranoside (0-83 g.), b. p. about 
9570*04 mm., rig* 1-4531 ; (b) trimethyl lyxofuranose (2*3 g.), b. p. 
about 957004 mm., njf 1*4580, [a]§ # + 39° in water (c = 1*05). 
This rotation is in good agreement with that obtained for trimethyl 
lyxofuranose by hydrolysis of a crystalline condensation compound 
(see below). Furthermore, only trimethyl y-lyxonolactone was 
obtained by oxidation of the trimethyl lyxofuranose, which must 
therefore be free from contamination by its pyranose isomeride 
(Found : C, 49*8; H, 8*4; OMe, 48*1. C 8 H 16 0 5 requires C, 50*0; 
H, 8*3; OMe, 48*4%). 

Trimethyl lyxofuranose condensed rapidly with methyl alcohol 
containing 1% of hydrogen chloride at 20° : [a]g° + 15° (4 mins, 
after dissolution); + 13° (7 mins.); + 13° (10 mins.); + 14° (18 
mins.); +21° (30 mins.); +36° (60 mins.); +42° (90 mins.); 
+ 45° (120 mins.); + 55° (300 mins.); + 60° (final equilibrium 
value). Under similar conditions the condensation of trimethyl 
lyxopyranose with methyl alcohol was very slow : [a]if — 9° 
(initial value) ; — 12° (150 mins.) ; — 18° (3000 mins.). The equi- 
librium value for the pyranose form is [a]g° + 21° (Hirst and 
Smith, loc . cit.). In both cases the (3-isomeride of the methyl- 
lyxoside is formed more rapidly than the a-variety. 

Fraction (a) was hydrolysed by boiling for 30 minutes with 
2N -hydrochloric acid. The distilled product (yield, 70%) was a 
colourless liquid, b. p. 95 — 100°/0*03 mm., n T4605, [oc]d* + 16° 
in water (c = 0*7) (Found: OMe, 46*5. Calc., 48*4%). These 
figures show that the distillate was trimethyl lyxose containing 
about 60% of the furanose form ([a] D + 39°) and 40% of the 
pyranose form ([a] D — 22°). This is equivalent to the presence of 
11% of the pyranose form in the trimethyl methyl-lyxoside, in 
good agreement with the value 10% previously obtained. 

Condensation of Trimethyl Lyxofuranose to give a Hexamethyl 
Dipentose. — When trimethyl lyxofuranose was distilled slowly, only 
a portion of it could be recovered unchanged. The remainder was 
a colourless liquid, b. p. about 160° /0 -05 mm., which solidified on 
cooling. After being drained on porous earthenware and recrystal- 
Hsed from light petroleum (b. p. 40 — -60°), it gave bunches of needles, 
m. p. 77°, which had no action on boiling Fehling’s solution but 
reduced it strongly after hydrolysis with 3% hydrochloric acid. 
During the hydrolysis the specific rotation, [a]g* + 114° (initial 
value), decreased in 15 minutes to a constant value + 43° ([a]?>* + 
41°, calculated as trimethyl lyxose). The physical and chemical 
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properties of the new substance indicated that it was the hexamethyl 
derivative of a non-reducing dipentose formed by the autocondens- 
ation of two molecules of trimethyl lyxofuranose and this view 
was confirmed by analysis (Found : C, 52*3; H, 8*0; OMe, 49*3. 
C 16 H3 o 0 9 requires C, 52*4; H, 8*2 ; OMe, 50*8%). 

Trimethyl y-Lyxonolactone. — A solution of trimethyl lyxofuranose 
(1*6 g.) in water (20 c.c.) was treated with bromine (2 c.c.), and 
kept for 4 days at 35—40° : the reducing properties had then 
disappeared. The bromine was removed by aeration, an excess of 
silver oxide was added, and the filtered solution was titrated exactly 
with hydrochloric acid to liberate the trimethyl lyxonic acid from 
its silver salt. On evaporation under diminished pressure, followed 
by heating at 100°/10 mm. to complete the iaetonisation, a syrup 
was obtained which was freed from some inorganic material by 
solution in ether. On removal of the solvent crystalline trimethyl 
lyxonolactone was obtained (1*4 g.) which on distillation gave a 
solid crystalline mass (1*3 g.), b. p. 170°/12 mm., m. p. 37 — 40°, 
ttJJT-4569, [a]p° + 82*5° in water (initial value, decreasing with 
extreme slowness). Recrystallisation from ether-light petroleum 
(b. p. 40 — 60°) gave needles 4— 5 cm. long, m. p. 44°, [ajg* + 82*5° 
in water (c = 0*5) (Found : O, 50*5 ; H, 7*0 ; OMe, 49*3. Calc, 
for C 8 H 14 0 5 : C, 50*5; H, 7*4; OMe, 49*0%). 

If the trimethyl lyxofuranose had been contaminated with 
trimethyl lyxopyranose, the specific rotation of the freshly distilled 
lactone before recrystallisation would have been less than [aj§ # + 
82°, owing to the presence of some trimethyl S-lyxonolactone 
(Md # + 35*5°). The above observations therefore provide addi- 
tional evidence of the homogeneity of the trimethyl lyxofuranose. 

When an ethereal solution of the lactone was heated with the 
calculated quantity of phenylhydrazine, the corresponding phenyl- 
hydrazide was formed. This was washed with ether and on re- 
crystallisation from benzene gave needles, m. p. 140° alone or in 
admixture with the phenylhydrazide of the acid obtained by the 
epimerisation of trimethyl xylonolactone (Haworth and Long, loc. 
cit.) (Found: C, 56*2; H,~7*3; N, 9*6; OMe, 31*5. Calc, for 
C 14 H^0 5 N 2 : C, 56*4; H, 7*4; N, 9*4 ; OMe, 31*2%). 

Hydrolysis of Trimethyl y-Lyxonolactone.— The hydrolysis of the 
crystalline lactone in aqueous solution was studied polarimetrically. 
Mutarotation was extremely slow and the behaviour throughout 
was that of a y-lactone. The rotation of the free aeid was deter- 
mined in the usual manner by forming the sodium salt, adding the 
equivalent amount of hydrochloric acid, and determining the 
rotation immediately, [a] 20 " — 21° in water (c = 0*5, calculated 
as lactone). 
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Conversion of lactone into acid. 


Time 


% of lactone 

Time 


% of lactone 

(hours). 

r I 2 **' 

[a] D * 

present. 

(hours). 

[afiT 

present. 

0 

+ 82*5° . 

100 

474 

65*0° 

83*0 

24 

80 

97-6 

551 

63*9 

82*0 

73 

77*7 

95-3 

644 

62*3 

80*4 

145 

75*1 

92-8 

883 

57*0 

75*3 

378 

67*1 

85*1 

1000 

56*5 

74*8 


The conversion of the acid into lactone in aqueous solution pro- 
ceeded so slowly that equilibrium had not been attained at the 
end of 500 hours. A direct determination of the proportion of 
acid and lactone present at equilibrium was therefore impracticable, 
hut an approximate value (55% of lactone) was deduced by 
extrapolation. 

Conversion of acid into lactone . 


Time 

[a]f. 

% of lactone 

Time 

i — i 

p 

% of lactone 

(hours). 

present. 

(hours). 

present. 

0 

— 20*8° 

0 

75 

+ 6-4° 

26 

24 

— 16*0 

4*6 

140 

14*4 

34 

50 

-4*4 

16 

500 

25*6 

45 


Meihylation of y- Lyxonolactone. — Lyxonolactone was prepared 
from lyxose by heating the sugar with bromine water at 30° for 
several days. Hydrobromic acid was removed by means of silver 
oxide and the resulting solution of silver lyxonate was then treated 
with the exact quantity of hydrochloric acid required to precipitate 
the silver. Evaporation of the water in a vacuum left a syrup 
which soon crystallised and pure lyxonolactone, m. p. 109°, was 
obtained after one recrystallisation from ethyl acetate. 

This lactone (2 g.) was methylated in the usual way with Purdie’s 
reagents. Six consecutive treatments were carried out, the addition 
of methyl alcohol being necessary in the first three in order to 
effect solution. Fractional distillation of the final product showed 
that a complex mixture of substances had been formed. The 
following fractions were taken : (a) 0T4 g., bath temp, 107°/ 
004 mm., 1*4350; (b) 0-9 g., bath temp. 115°/0*08 mm., 
1*4372; (c) 027 g., bath temp. 125°/0*03 mm., n l $' 1*4381; 
(d) 0*72 g., bath temp. 140— 150°/0*03 mm, < 1*4484. The 
fractions (a), (b) and (c) were esteric in nature and contained sub- 
stances which were more highly methylated than trimethyl-lyxono- 
lactone, possibly methyl tetramethyl-lyxonate, C 10 H 20 O 6 , and methyl 
trimethyl-lyxonate, C 9 H 18 0 6 [Found for (b) : 0, 49*5 ; H, 8*3 ; 
OMe, 64*5. C 10 H 20 O 6 requires C, 50*8; H, 8*5; OMe, 65*6%. 
C 9 H 18 0 ? requires 0, 48*7 ; H, 8*1 ; OMe, 55*8%]. 

Fraction (d) was mainly trimethyl lyxonolactone (Found : C, 
50*4 ; H, 8*3; OMe, 53*0%). It was not sufficiently pure to crystal- 
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lise, but the presence of trimethyl y-lyxonolaetone was proved by 
preparing from it the corresponding phenylhydrazide, which was 
formed in good yield when an ethereal solution of the liquid was 
heated on the water-bath with phenylhydrazine. One recrystallis- 
ation from benzene sufficed to give the pure phenylhydrazide, m. p. 
140° (alone or when mixed with the phenylhydrazide of the acid 
obtained from trimethyl lyxofuranose). 

Oxidation of Trimethyl M eihyl-lyxofuranoside with Nitric Acid . — 
Trimethyl methyl-lyxofuranoside (2 g.) was heated for 8 hours at 
90° with nitric acid (d 1*42; 20 c.c.). Evolution of nitrous fumes 
had then almost ceased. The remaining nitric acid was removed 
by distillation under diminished pressure at 50°, with frequent 
addition of water. The stiff syrup obtained was boiled for 6 hours 
with 2% methyl-alcoholic hydrogen chloride. After neutralisation 
of the acid by silver carbonate the methyl alcohol was removed by 
distillation under diminished pressure and the product was distilled, 
giving a colourless liquid (0*9 g.), b. p. 135 — 140°/12 mm. No 
methyl oxalate could be detected and there was no still residue. 
The distillate, after nucleation with a crystal of methyl i-dimethoxy- 
suceinate, began to crystallise. After being kept for several weeks, 
the solid was drained on porous tile and recrystallised from ether- 
Hght petroleum, giving flat plates (0*4 g.), m. p. 68° alone or when 
mixed with an authentic specimen prepared from i-tartaric acid. 

Methylaiion of Methyl-lyxofuranoside by Purdie’s Reagents. — The 
crude methyl-lyxofuranoside described above (10 g.) was methylated 
six times with silver oxide and methyl iodide. The product wan 
distilled, giving 7*9 g., b. p. 70 — 74°/0*08 mm., and 3*5 g., b. p. 
75 — 90°/0*08 mm. A small quantity (4%) of a crystalline oxidation 
product (A) separated from both fractions. This was removed by 
draining on porous tile, after which the liquid was recovered by 
extraction with chloroform and redistilled; b. p. 75°/0*l mm.,. 
nf 1*4431, [ajcf + 41° in water (c = 3*6), [agf + 53° in 1% 
methyl-alcoholic hydrogen chloride (equilibrium value after being 
heated at 100° for 6 hours). The distillate was mainly trimethyl 
methyl-lyxofuranoside, but contained also the corresponding pyran- 
oside (15 — 20%) and probably also a little of the above-mentioned 
crystalline product (Found : OMe, 56*8%). Hydrolysis with dilute 
hydrochloric acid gave the corresponding mixture of trimethyl 
lyxofuranose and trimethyl lyxopyranose. This had b. p. 95°/0*04 
mm., »g*-' 1*4598, [ajg“ + 27° in water (c = 3*3) (Found : OMe, 
47*5%). Oxidation with bromine water gave the mixed y- and 
S-lactones as a liquid, b. p. 108°/0*1 mm., nf 1*4553, [oc]cf + 76° 
in water (initial value); + 65° (23 hours) ; + 63° (41 hours).; +58° 
(90 hours) ; + 50° (200 hours) ; + 45° (300 hours) ; + 41° (900 hours). 
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The comparatively rapid fall in rotation during the first 50 hours, 
followed by the slow change which still persisted after 1000 hours, 
is characteristic of a mixture of a y- and a 8-lactone. Since the 
trimethyl y- and 8-lyxonolactones have respectively [ajg* + S2-5° and 
[ a ]g‘ _j_ 36°, the proportion of 8-lactone was about 15%. After 
some time the trimethyl y- lyxonolactone crystallised ; m. p. 44°. 
Preparation of the phenylhydrazide from the liquid which drained 
away from the crystalline y-lactone gave mainly the phenylhydrazide 
obtainable from trimethyl 8-lyxonolactone. 

The crystalline oxidation product (A) was easily soluble in the 
usual org a nic solvents, soluble with difficulty in water, and was 
recrystallised from light petroleum, giving long colourless needles, 
m. p. 127 — 128°, [a] if + 175° in water (c = 0*53). The substance 
was neutral to litmus and had no action on boiling Fehling’s solution. 
The presence of an ester group was proved by titration with hot 
alkali, and after alkaline hydrolysis the high specific rotation was 
retained. When the ester was heated for 2 hours at 80° with 3% 
hydrochloric acid, the rotation decreased to 0° ; the resulting solu- 
tion, after exact neutralisation with sodium hydroxide, did not 
reduce boiling Fehling’s solution but quickly decolorised neutral 
permanganate [Found : 0,46*5; H, 6*8; OMe, 45*1; C0 2 Me, 28*0. 
C 4 H 5 0 2 (0Me) 2 -C0 2 Me requires C, 46*6 ; H, 6*8 ; OMe, 45*1 ; C0 2 Me, 
28*6%]. 
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LXXXIX . — Trypanocidal Action and Chemical Con- 
stitution. Part IX. Aromatic Acids containing 
an Amide Group. 

By George .Aleck Crocker Gough and Harold King. 

The activity of the cotton dye (I) 'on Trypanosoma equiperdum in 
tats (Dunning and Macht, J. Pharm. Exp. Ther., .1928, 32, 205) 
suggested to us an investigation of the colourless substance (II), 
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which would bear to (I) the same relation as Bayer 205 to trypan- 
red and afridol-violet (compare Balaban and King, J., 1927, 3068). 


H 2 N OH 

so 3 h! 


00^°^*w<X) 

(I.) ( 


HO HN-C0<^>As0 3 H 2 


iso 3 h 

(II.) 


To facilitate synthesis, antimony was replaced by arsenic. The 
arsenic analogue of (I) was found to be active but not permanently 
curative. Arsinous and arsinic acids of type (II) prepared from 
Freund’s acid and H-acid were inactive, even if the substantive 
character was increased (Balaban and King, be. cit.) by changing 
the structure to (III). The current theory of the activity of arsinic 


so 3 hi 


OH NH*CO<f / \ 

tWQ>As0 3 H 2 (HI. 



0 3 H 


acids is that they must first be reduced by living tissues to the 
much more toxic oxides, and it occurred to us that the amide link 
might possibly remove these substances out of the range of reduction 
potential of the mammalian tissues. 

Accordingly, benzamide-^-arsinic acid (IV) was prepared, but it 
proved to have a therapeutic activity far exceeding that of ff-amino- 

(IV.) H 2 N-0C<^>As0 3 H 2 R 1 R 2 N-0C<^^>As0 3 H 2 (V.) 

phenylarsinic acid, the starting point of Ehrlich’s series of active 
arsenicals. This interesting discovery made an extensive study of 
other benzamidearsinic acid derivatives particularly desirable, since 
no compound of this type had previously been described. A 
number of substituted benzarsinic acids are known, but no one has 
converted these carboxylic acids into their simple amides. 

The parent substance, benzoyl chloride ^-dichloroarsine, lends 
itself to development in a wide variety of ways, for the lone chlorine 
atom can be replaced by primary or secondary amino-groups or by 
simple derivatives of these with formation of a series of amides of 
the type (V). The following table shows the results obtained when 
a simple series of aromatic amides was tested on an experimental 
infection of Trypanosoma equiperdum in mice, T signifying the 
maximum dose tolerated, expressed in milligrams per gram of mouse, 
G the minimum curative dose, and r the number of days during 
which the blood stream remained free from trypanosomes. 
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Amides of Benz-^-an 

Type. •CO*NR 1 R 2 . 

Benzarsinic acid -CO-OH 
Amide R* =H, R 2 =H 

Methylamide R^Me, R 2 — H 

Ethylamide R 1 =Et, R 2 =H 

Propylamide R 1 =Pr, R 2 =H 

faoAmylamide R 1 =C 5 H 11 , R 2 =l 
Dimethylamide Rj—Me, R,=Me 

Diethylamide R x =Et, R 2 =Et 

Piperidinoamide -NR iR 2 — C 5 H 10 N 
Phenylamide Ri—Ph, R 2 — H 


inic and - arsinous Acids . 


Arsinic acid. 

Arsinous acid. 

T. 

C . r. 

T . 

G. r. 

0-2 

[inactive] 

— 

— — 

1-0 

0-3 >30 

0*03 

0*01 14 

1-0 

0-5 >30 

0-01 

0*0075 >30 

1-25 

0-75 >30 

0-0075 

0*005 >30 

0-4 

0-2 11 

0-005 

0*0025 11 

0-1 

0*1 6 

0*0025 

0*0025 9 

0-6 

0-5 5 

0*01 

0-005 5 

0-1 

[inactive] 

0*0025 

[inactive] 

0-1 

[inactive] 

0*0025 

[inactive] 

0-1 

0-05 >30 

— 

— — 


If it is borne in mind that the aim of this kind of work is to 
discover a substance in which the margin between C and T is as 
wide as possible, and that the substances should be “ permanently ” 
curative, i.e that r should be greater than a month, it will be 
observed that trypanocidal activity falls off in the monosubstituted 
alkylamides with increasing weight of the substituting group, 
and very rapidly in the disubstituted amides. 

Attention was then directed to the meta-series of amides from 
benz-m-arsinic acid, but they proved to be definitely weaker than 
those of the para- series. 


Amides of Benz-m-arsinic and -arsinous Acids. 


Type. *CO*NHR r 

m-Benzarsinic acid -CO -OH 
Amide R x = H 

Methylamide R x = Me 

?'soAmylamide Ri = C 5 H n 


Arsihic acid. Arsinous acid. 


T. 

c . 

r. 

T. 

c. 

r. 

1-5 

[inactive] 

— 




0-6 

0-4 

>30 

0-005 

0*005 

3 

0*4 

0-2 

5 

0-01 

0*0075 

>30 

0*01 

[inactive] 

— 

— 



Many of the amides described above, both meta- and para- 
substituted and containing the arsenic in the quinquevalent state, 
produced nervous symptoms of chronic poisoning in mice. An 
attempt was therefore made to prepare derivatives of benzamide* 
p-arsinic acid which would show an equally good therapeutic index 
without producing any untoward symptoms. 

Wien the modified alkyl groups •CH 2 -CH 2 *OH and -CH 2 -CO-NH 2 
are introduced into the amino-group of p-aminophenylarsinic acid, 


QH 9 -0H 


NH-CHo 


k.s0 3 H 2 

(VI.) 


CO-NELj 

NH’CHjs 


As0 3 H 2 

(VII.) 


ch* 8 oh 

CONH-CH, 


AsOoH, 




(VIII.) 


CO-NH- 


50-NH 2 

W 


AsOaHa 
(IX.) 


two valuable trypanocidal agents, etharsenol (VI) and tryparsamide 
(VII) respectively, are known to be obtained. It was, therefore, of 
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interest to attempt the preparation of their analogues (VIII) and 
(IX) from benz-p-arsinic acid. Although benzoyl chloride p-di- 
chloroarsine readily reacted with (3-aminoethyl alcohol with 
formation of an arsinous acid which on oxidation gave (VIII), 
attempts to prepare (IX) were not immediately successful. Hippuro- 
p-arsine oxide (X) when subjected to the action of phosphorus 
pentaehloride in the presence of acetyl chloride gave the tricMoro - 
compound (XI), but this on treatment with ammonia under many 
conditions always regenerated hippuroarsine oxide. When, however, 
ammonia was replaced by ethylamine, the ethylamide of hippuro- 
arsinic acid (XII) was readily obtained. 


CO-NH«CH 2 -CO a H 


AsO 


(X.) 


CO-NH-CH a -COCl 


(XI.) 


C0*NH*CH 9 ;C0*NHEt 



As0 3 H 9 


(XII.) 


The following table shows the activity of these and some related 
substances in comparison with benzamide-p-arsinic acid. R 
signifies "C 6 H 4 -As0 3 H 2 and R' the reduced form -C 6 H 4 *As0 2 H 2 . 



T. 

C . r. 

r-co*xh 2 

1-0 

0-3 

>30 

r*co*xh-oh 2 *ch 2 -oh 


1-0 

6 

R / *C0-NH-CH 2 *CH 2 *0H 

0-01 

0-01 

>30 

R OO NH CH 2 C0 2 H 

1*25 

[inactive] 

R*CO*XH*CH 2 *eOXHEt 

>3-0 

1*0 

>30 

RCOO-CH 2 CH 2 -NEt. 

20 

[inactive] 


Of this series the ethylamide of hippuroarsinic acid (XII) proved 
the most useful, and on the highest dose tried there were no nervous 
symptoms noticeable in mice. The lower homologues of this acid, 
hdppuramide-p-arsinic acid and its V-methyl derivatives, will be 
described in a subsequent communication. 

- Another way of avoiding the undesirable symptoms evoked by 
benzamide-p-arsinic acid would be by use of the corresponding 
arsinous acid, for since this has more than 30 times the acute toxicity 
of the acid containing quinquevalent arsenic, and might have a 
correspondingly high curative power, the amount of arsenic admin- 
istered would be correspondingly small. Although this arsinous 
acid produces no nervous symptoms, it is by no means so effective 
(compare the first table) as the arsinic acid and it occurred to us 
that it might be possible to render it more effective by esterification 
with a suitable alcohol. The ester might then be expected to have 
an increased "efficiency, since slow hydrolysis would liberate the 
toxic arsinous acid over a period of time. For this purpose we chose 
a-thiolacetic acid, which had already been condensed with 3-amino- 
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4-hydroxyphenylarsinoiis acid by Voegtlin, Dyer, and Leonard 
(U~S. Public Health Pep., 1923, 38, 1911). When an aqueous 
suspension of benzamide-p-arsinous acid was boiled with a-thiol- 
acetic acid, condensation took place rapidly with formation of 
crystalline di(carboxymethyl) benzamide -p-thioarsinite (XIII). 

pan., 

On its maximum tolerated dose, this substance produced no 
nervous symptoms and it was more effective than the arsinous acid. 

T. C . r. 

Benzamide-p-arsinous acid 0*03 0*01 14 

Benzamide-p-thioarsinite 0-05 0*03 >30 

We had made this compound and had examined its oxidation 
with iodine when an. important paper appeared by Barber (J., 1929, 
1020) on the condensation of thiol acids with arsinic acids. We 
believe, however, that some of the results of this author bear a simpler 
interpretation than that given by him. Barber observed that the 
arylthioarsinites in alkaline solution, with sodium hydrogen 
carbonate, for instance, give an intense nitroprusside reaction 
which he attributed to the intact arylthioarsinite molecule. In 
support of this he states that the arylthioarsinites do not undergo 
hydrolytic fission with alkali, because the alkali-metal salts of the 
di(carboxymethyl) arylthioarsinites can be obtained from strongly 
alkaline solution. Such a view*is, however, untenable. Di(carb- 
oxymethyl) benzamide-p-thioarsinite (XIII) is soluble in cold 
sodium hydrogen carbonate solution and gives an intense nitro- 
prusside reaction indistinguishable in tint from that due to a-thiol- 
acetic acid. The free acid also dissolves sparingly in water and 
gives the transient blue colour with ferric chloride characteristic of 
a-thiolacetic acid. Both these reactions are specific for thiol 
groups, and indicate partial hydrolysis of the thioarsinites in weakly 
alkaline solution and even in water. When a feebly alkaline 
solution of di(carboxymethyl) benzamide-p-thioarsinite was treated 
with one molecular proportion of hydrogen peroxide, benzamide- 
p-arsinic acid was isolated together with unchanged thioarsinite. 
This result is inconsistent with an exclusive initial addition of oxygen 
to the arsenic atom of the intact ester molecule, followed by 
hydrolysis, a process which would seem to follow on Barber's view 
of the properties of these compounds, but is consistent with oxid- 
ation of the hydrolytic products, arylarsinous acid and a-thiolacetic 
acid, formed in alkaline solution. The occurrence of some oxidation 
of the intact ester molecule is not, however, excluded. In further 
support of the ease of hydrolysis of di(earboxymethyl) benzamide- 
a a2 
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p-thioarsinite is the observation of our biological colleagues, Miss 
Durham and Miss Strange ways, that at high dilutions trypanosomes 
exposed to its action are rendered non-infective, a property usually 
recognised as specific for the arylarsinous acids or oxides. 

The effect of introducing a second substituent into the phenyl 
nucleus of benzamidearsinic acid has been examined in a few cases 
and others are still under investigation. Salicylamide-5-arsinic acid 
(XIV) and iso phthalamic acid 6-arsinic acid (XV) have been pre- 
pared, but not isophthalamide -4-arsinic acid. The toxicities and 


OH 

(XIV.) j'^CO-NH 2 


As0 3 H 2 


CONH, 


0 2 H 


As0 3 H 2 



(XV.) 


therapeutic activities of these substances compared with some inter- 
mediate and allied products are recorded below. 


p-Tolylarsinic acid 

wi-Xylylarsinic acid 

zsoPhthalic acid 4-arsinic acid . . . 
Methyl isophthalat e -4 -arsini c acid 
zsoPhthalamic acid 6-arsinic acid 

Salicylic acid 5-arsinic acid 

Methyl salicylate-5-arsinic acid . . . 
Salicylamide-5-arsinic acid 


T. 

C. r. 

0*005 

[inactive] 

0*03 

[inactive] 

0*03 

[inactive] 

0*3 

[inactive] 

0*05 

[inactive] 

1*5 

[inactive] 

0*02 

[inactive] 

0*75 

0-3 5 


The preparation of salicy lamide*- o - ar sinic acid and isophthalamic 
acid 6-arsinic acid presents some points of interest. When salicylic 
acid 5-arsinic acid (XVI) prepared by the Bart-Schmidt reaction 
from 5-aminosalicylic acid is esterified with methyl-alcoholic sul- 
phuric acid, the degree of esterification increases with the amount 
of sulphuric acid used. At the same time fission of arsenic as 
arsenious acid increases so that the most favourable conditions for 
the esterification are uncertain. If the sulphuric acid is replaced 
by dry hydrogen chloride, the methyl ester (XVII) may again be 
isolated together with some methyl salicylate - 5 - dichlor oar sine (XVIII). 
The latter substance is formed by loss of labile chlorine atoms which 
react with the solvent. Similarly in the esterification of isophthalic 
acid 4-arsinic acid by methyl-alcoholic hydrogen chloride in boiling 
solution, reduction to methyl iso phthalate dichloroarsine is complete. 
Indeed, this action of dry hydrogen chloride on arsinic acids appears 
to be a general one. For the preparation of methyl salicylate- 
5-arsinic acid (XVII) it is, however, preferable to reduce salicylic 
acid 5-arsinic acid by sulphurous acid in concentrated hydrochloric 
acid solution directly to salicylic acid dichloroarsine (XIX), as this 
is more easily isolated than the intermediate product salicylic acid 
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arduous add (XX), which separates when the reaction is carried 
out in dilute hydrochloric acid solution. Salicylic acid dichloro- 


OH OH OH 



arsine (XIX), like salicylic acid arsinous acid (XX), is then 
readily esterified by methyl-alcoholic hydrogen chloride to methyl 
salicylate-5-dichloroarsine (XVIII). Careful oxidation of a sus- 
pension of this in aqueous sodium hydrogen carbonate at 0° with 
hydrogen peroxide gives methyl salicylate-5-arsinic acid (XVII), 
and by the action of ammonia on the ester in dilute methyl alcohol 
at 100° salicylamide-5-arsinic acid (XIV) is obtained. 

The difficulties attending the preparation of isophthalamide- 
4-arsinic acid have not yet been surmounted. When isophthalic 
acid 4-arsinie acid (XXI) is allowed to react with thionyl chloride, it 
gives almost exclusively the half acid chloride of isophthalic acid 
dichloroarsine, for on treatment with ammonia and oxidation 
with hydrogen peroxide iscphthalamic acid 6-arsinic acid (XV) is 
obtained. 

With 5J molecular proportions of phosphorus pentachloride, the 
products isolated are the same -isophthalamic acid 6-arsinic acid, 
4-chloroisophthalamide (XXII), and 3 : 4-dichlorobenzamide ; and 
with molecular proportions, only the last two substances are 
obtained, the whole of the arsinic acid group having been replaced 
by chlorine. The constitution of 4-chloroz<sophthalamide follows 
from its hydrolysis to 4-chloro^sophthalic acid, and that of 3 : 4-di- 
chlorobenzamide follows from its hydrolysis to 3 : 4-dichlorobenzoic 
acid (XXIII) which was identical with the acid obtained (later 
communication) by a similar series of reactions from terephthalic 
acid arsinic acid (XXIV). 


C<VH 



C0 2 H 


k> 2 h 


AsO s H 2 

(XXI.) 



C0 2 H^N 

i^CO.H 

As0 3 H 2 

(XXIV.) 


CO'NHs, 



ONH, 


Cl 
(XXII.) 
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When isophthalic acid 4-arsinic acid is esterified in synthetic 
methyl alcohol by saturation with hydrogen chloride at 0°, crystalline 
methyl is ophthalate arsineietrachloride separates after a few hours. 
This tetrachloride dissolves in sodium hydrogen carbonate solution 
at 0° and yields methyl isophthalateA-arsinic acid on acidification. 
If, however, purified methyl alcohol (wood spirit) is used in the 
esterification, no separation of an arsinetetrachloride occurs at 0°, 
but when the solution is boiled, reduction takes place with form- 
ation of methyl ^ophthalate dichloroarsine, which is isolated as 
methyl isophthalate-4:-ar$inoiis acid by pouring the reaction mixture 
into sodium hydrogen carbonate solution. On oxidation the arsinous 
acid yields methyl ?*sopht halat e -4 - arsinic acid. 

When methyl isophthalate -4-arsinic acid is allowed to react with 
ammonia (d 0-88) at 0° for 14 days, the sole product of amidation 
is the same i*sophthalamie acid 6 -arsinic acid as is obtained from the 
acid chlorides. 

The marked influence on the trypanocidal activity of benz-m- 
and -p-arsinic acids effected by their conversion into amides, recorded 
in the foregoing pages, made it desirable to prepare benzenesulphon- 
amide-p-arsinic acid. p-Sulphophenylarsinic acid had been pre- 
viously prepared by Hewitt, King, and Murch (J., 1926, 1355) and 
had been shown to be devoid of activity. By the action of phos- 
phorus pentachloride in boiling carbon tetrachloride solution it was 
converted into benzenesulphonyl chloride p-dichloroarsine (XXV), 
which on graded hydrolysis with water gave benzenesulphonyl 
chloride p-arsenoxide and sulphophenylarsinous acid . By the action 
of ammonia benzenesulphonamide-p-arsenoxide (XXVI) was obtained, 
and this on treatment with hydrogen peroxide gave benzenesulphon - 


S0 2 C1 


S(VNK» 


SCL-NH* 


sCl 2 AsO As0 3 H 2 

(XXV.*) (XXVI.) (XXVII.) 

amide-p-arsinic acid (XXVII). With hydrochloric acid, however, 
the -arsinous acid gave benzenesulphonamide-p-dichloroarsine, The 
trypanocidal activity of some of these compounds was examined 
with the following results: 

T. C. r. * 

SulphopLenyl-j? -arsinic acid 0*5 [inactive] 

Benzenesulphonamide-p -arsinic acid >1*5 1*0 16 

Benzenesulphonamide-p -arsenoside 0*03 0*01 >30 

Therapeutic Considerations . 

Analysis of the results described in the foregoing pages reveals 
some underlying principles of considerable interest. The first of 
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these is the important influence of the amide group in converting 
trypanocidally inactive carboxylic and sulphonic acids into sub- 
stances of marked activity. ‘It was known that phenylglycineamide- 
33 -arsinic acid (tryparsamide) could cure both experimental and 
clinical trypanosomiasis, but the significance of the aliphatically 
bound amide group was obscure, since data on analogous derivatives 
were lacking. In this communication it has, however, now been 
demonstrated that benz-m- and -p- arsinic acids, hippuro -p - ar sinic 
acid, salicylic acid 5-arsinic acid, p-sulphophenylarsinic acid, and 
the corresponding arsinous acids where tested, are quite inactive on 
experimental trypanosomiasis in mice; and yet, when they are 
converted into the corresponding amides, trypanocidal activity 
appears in every case. The interpretation is simple. Following 
the injection of these arsinic or arsinous acids into the blood stream 
as soluble sodium salts, two main processes become operative, 
excretion and reduction. Those substances containing solubilising 
groups such as carboxyl or sulpho, whether they are reduced to the 
arsinous acids or not, will remain as soluble salts by reason of the 
carboxyl or sulpho-groups, and their excretion will be rapid. On 
the other hand, those containing amide groups will also be excreted, 
though possibly at' a slower rate, so long as they contain the arsinic 
acid group and can form neutral soluble salts. When, how r ever, 
reduction to the arsinous acid has taken place, they will no longer 
form neutral salts and will, accordingly, be liberated in the colloidal 
state as free arsinous acids by hydrolysis at the p K of the blood 
stream, and will not be excreted as such. The mechanism of the 
reduction process and subsequent events may also be pictured from 
analogous reactions in vitro. 

It is known that hydrogen sulphide is a very powerful reducing 
agent, having in fact a reduction potential negative to the hydrogen 
electrode. It is, therefore, not surprising to find, as Barber ( loc . 
cit) does, that various thiol derivatives of aliphatic acids can reduce 
arsinic to arsinous acids, condensation then taking place between 
the arsinous acids and excess of the thiol compound with production, 
of arylthioarsinites, operations which can take place at the ordinary 

B*As0 3 H 2 + 4R'*SH — ^ R*As0 2 H 2 + 2R'*SH*~>- RAsS a R' a 

temperature in neutral solution. It is very probable that similar 
processes operate in mammalian tissues, for there is abundant 
evidence of the presence of thiol compounds in tissues, and some 
for their being concerned in oxidative-reductive processes. That 
the excess of thiol groups should act as receptors for the arsinous 
acid group is also very probable ; it was, in fact, foreshadowed by 
Ehrlich many years ago {Ber., 1909, 42, 42). The occurrence of 
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arsenic in hair after arsenic medication is possibly a manifestation 
of the property. The further important point, however, now emerges 
from our experiments, that the arylthioarsinites are slowly hydro- 
lysed even in neutral solution with regeneration of small amounts 
of arsinous acids. 

R-As<!!' + 2HoO R-As(OH) 2 + 2R'*SH. 

The view we advanced in the preceding communication of this 
series (Gough and Kong, J., 1928, 2432), that the arsinic acids are 
“ reduced to the reactive oxides, and stored as such by condensation 
in a reversible form,” thus receives experimental support. The 
arylthioarsinites would be formed from proteins of all degrees of 
complexity containing sulphydryl groups, and would in general 
escape excretion, and the continuous production of minute amounts 
of highly toxic arsinous acids by hydrolysis of such complex thio- 
arsinites in the tissues, maintained over an extended period, would 
be responsible for the complete disappearance of the trypanosomes 
with resultant cure. 

Lastly, the wide variation in the chemotherapeutic efficiency of 
arsenieals with change of constitution might be ascribed to difference 
in the ease of reduction of the arsinic to the arsinous acid, difference 
in the ease of condensation of the arsinous acid with thiol complexes, 
and difference in the ease of hydrolysis of such complexes. In fact, 
the striking results obtained for the series of similarly constituted 
amides shown in the first table (p. 671), where other factors affecting 
trypanocidal activity might be expected to be reasonably constant, 
support such a view. As this table shows, introduction of methyl 
into the amide group causes a diminution in activity, and this 
diminution is intensified by increase in the size of the alkyl group 
or by the introduction of more than one. Introduction of weakly 
positive alkyl groups will cause a drift of electrons towards the 
arsenic atom relative to the effect of the unsubstituted amide group, 
and this will be reflected (a) in a diminished ease of reduction of 
the arsinic acid, since the oxygen atom will be more firmly held, 
and ( b ) in a decreased tendency to co-ordinate with hydroxyl 
(Gough and King, loc. cit ., p. 2429), since the arsenic atom has become 
more negative, with resultant increased difficulty of hydrolysis* 
Both properties would lead to diminished trypanocidal activity, 
as is actually found. 

We are deeply indebted to Miss F. M. Durham and Miss W. I. 
Strangeways for the whole of the biological findings recorded in 
this paper. 
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Experimental. 

Derivatives of N aphthylaminesulphonic Acids. 

l-Amino-% : (y-disulpho-S-naphthol-l -azobenzeneA' -arsinic Acid 

(compare D.B.-P. 212018). — 4-Aminophenylarsinic acid (8-7 g.) in 
80 c.c. of 2jY-hydrochloric acid was treated at 0° with 3*0 g. of 
sodium nitrite in 30 c.c. of water and then added slowly to 13-6 g. 
of H-acid in 150 c.c. of Si^-sodium hydroxide solution. After 
being kept at 0° for 45 minutes, the solution was made just acid to 
Congo-paper by addition of concentrated hydrochloric acid. After 
12 hours the deep-coloured solid was collected on porous plate and 
purified by solution in the minimum volume of boiling water and 
addition of one-fifth of that volume of concentrated hydrochloric 
acid. This operation was repeated three times and gave finally 
2-8 g. of homogeneous brick-red needles (Found : loss at 105°, 8*0. 
Ci 6 H 14 O 10 N 3 S 2 As 5 2 JH 2 O requires H 2 0, 7*6%. Found in dried 
acid: As, 13*3. C 16 H 14 O 10 N 3 S 2 As requires As, 13*7%). When 
pure, this acid requires over 12 parts of boiling water for solution, 
but will not crystallise therefrom on cooling It is, however, almost 
completely precipitated by addition to the solution of one-fifth of 
its volume of 32% hydrochloric acid. 

l-Benzamido-% : Q-disulphonaphthalene-A-arsinous A cid. — Freund's 
acid (9 g.), dissolved in N - sodium hydroxide (90 c.c.), was treated 
in presence of benzene (10 c.c.) with three successive portions of 
benzoyl chloride 'p-dichloroarsine (each 5*7 g.) in benzene (13 c.c.). 
A r -Sodium hydroxide (30 c.c.) was added concurrently with vigorous 
shaking. After removal of the benzene, the liquid was diluted with 
an equal volume of water and acidified to Congo-paper and the 
precipitated benz-p-arsinous acid (9*8 g.) was removed. The liquid 
was then concentrated to 100 c.c. and a further small amount of 
benz-p-arsinous acid removed (0*1 g.). After addition of concen- 
trated hydrochloric acid (7 c.c.) and keeping for 2 hours at —5°, 
clusters of fine needles separated (11*2 g.). These were recrystal- 
lised by solution in warm water (24 c.c.) and addition of con- 
centrated hydrochloric acid (4 c.c.) (Found : loss at 140°, 7*5. 
C 17 H 13 0 9 NS 2 AsNa,H 2 0 requires H 2 0, 6*5% for conversion into 
oxide. Found in anhydrous oxide : As, 13-1 ; Na, 4*2. 
Ci 7 H n 0 8 NS 2 AsNa requires As, 13*5; Na, 4*1%). 

\-Benzamido-% : ft -disulphonaphthalene A' -arsinic Acid. — The crude 
arsinous acid (7 g.), dissolved in water (35 c.c.), was treated with the 
calculated amount of 30% hydrogen peroxide in water (14 c.c.)- 
The solution, which became warm and slightly brown on oxidation, 
was neutralised to litmus-paper, warmed at 50° for J hour, and 
evaporated under reduced pressure to 20 c.c., and the reaction 
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adjusted to neutrality to Congo-paper. The solution was then 
heated to 100° and, after addition of concentrated hydrochloric 
acid (3 c.c.), allowed to cool. The resultant paste of fine rectangular 
needles (5*7 g.) was removed and recrystallised by solution in the 
minimum volume of boiling water, followed by the addition of con- 
centrated hydrochloric acid (5*5 c.c.) (Found : loss at 140°* 12*6; 
As, 12-7; Na, 3*8. C 17 H 13 O 10 NS 2 AslSra J 3H 2 O requires H 2 0, 11*9 
for conversion into the dioxide ; As, 12-3; Na, 3*8%). 

1 -Benzamido- 3 : S-disulpho-S-naphtholA'-arsimzis Acid.— H-Acid 
(6-8 g. monosodium salt + 1*5H 2 0), dissolved in i^-sodium hydroxide 
(20 c.c.), was treated with 0*5 c.c. portions of a solution of benzoyl 
chloride p-dichloroarsine (11*4 g.) in benzene (20 c.c.) with vigorous 
shaking. A-Sodium hydroxide (40 c.c.) was added concurrently 
at such a rate as to maintain a slightly alkaline reaction. The liquid 
was made acid to Congo-paper, and the precipitated benzarsinous 
acid (3*3 g.) removed. The filtrate was concentrated (to 104 c.c., 
to 76 c.c., and until salt began to separate) at 50° and the three 
successive crops were united and boiled with water (25 c.c.) con- 
taining norit. The undissolved portion yielded a further quantity 
of benzarsinous acid (1*8 g.), and the filtrate, on the addition of con- 
centrated hydrochloric acid, gave the desired amide (11*4 g.). This 
was recrystallised three times from hot water (28, 21, and 16*5 c.c.), 
concentrated hydrochloric acid (2 c.c.) being added to the clear 
solution in each operation (Found : loss at 140°, 23*8; As, 10*3; 
Na, 3*8. C 17 H 13 O 10 NS 2 AsNa,8H 2 O requires H 2 0, 23*2 for con- 
version into the arsenious oxide; As, 10*7; Na, 3*3%). 

1-Benzamido-Z : G-disulpho-S-naplitholA'-arsinic Acid (II).- — A 
slightly alkaline solution of the foregoing arsinous acid (11 ‘3 g. in 
150 c.c.) was treated with the calculated amount of hydrogen per- 
oxide, kept for i hour, and concentrated to 95 c.c. The mass of 
stout needles which separated was dissolved by warming, and the 
solution made acid to Congo-paper. On cooling, the desired 
arsinic acid (8*8 g.) separated in fine needles. This, together with 
a further amount (1*4 g.) obtained from the mother-liquor, was 
recrystallised from water (18 c.c.) with the addition of concentrated 
hydrochloric acid (4 c.c.) (Found: loss at 150°, 24*8; As, 10*0, 
Ci 7 H J3 O 11 NS 2 AsNa,10H 2 O requires H 2 0, 24*6 for conversion into 
the dioxide; As, 10*2%). 

l-Benzamido-m-benzamido - 3 : %-dimlpho-%-napMiol-4z ff ~ar$inous 
Acid „ — A solution of l-m-aminobenzamido-8-naphthol-3 : 6-di- 
suiphonic acid (7*1 g. ; Balaban and King, J., 1927, 90) in A-sodium 
hydroxide (40 c.c.) with benzene (10 c.c.) was treated with 0*5 c.c. 

.'A solution of benzoyl chloride p -diehlor oarsine (9*8 g.) 
it no longer gave a red colour when diazotised and 
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coupled with [3-naphthol. After removal of the benzene, the liquid 
was made slightly acid to Congo-paper, filtered from benzarsinous 
acid (1*4 g.), and evaporated (to 35 c.c.) at 50°. After further 
filtration the liquid was saturated with sodium chloride and kept 
at 0° for 12 hours, and the crude arsinous acid was then removed 
and recrystallised from water (140 c.c.) by the addition of concen- 
trated hydrochloric acid at 50° until a slight turbidity was produced. 
The desired product separated in characteristic bunches of needles 
(Found * loss at 140°} 18*5; As, 9*0. 

requires H 2 0, 19*9 for conversion into the oxide; As, 9*2%). 

1 - Benzamido - m - benzamido -3:6- disulpho - 8 - naphthol - 4" - arsinic 
Acid (III).: — The foregoing arsinous acid (3*5 g.) was dissolved in 
half-saturated sodium hydrogen carbonate solution (50 c.c.) and 
oxidised by the addition of 30% hydrogen peroxide (0*6 g.) in water 
(10 c.c.). After \ hour, the liquid was made slightly acid to Congo- 
paper and saturated with sodium chloride. The precipitated 
arsinic acid was collected and crystallised by solution in water 
(18 c.c.) at 50°, followed by the addition of concentrated hydro- 
chloric acid (10 c.c.) . On keeping, light pink needles of the required 
acid separated. These were again recrystallised by the use of 
water (15 c.c.) and hydrochloric acid (8 c.c.) (Found : loss at 140°, 
29*1 ; As, 7*5. C 24 H 18 0 12 lSr 2 S 2 AslSra,14H 2 0 requires H 2 0, 28*7 for 
conversion into the oxide; As, 8*0%). 

Derivatives of p- and m-Benzarsinic Acids . 

Benzamide-p-arsenious Oxide. — Benzoyl chloride p-dichloroarsine 
(15 g.), dissolved in benzene (20 c.c.), was added slowly to 2iV»aqueous 
ammonia (200 c.c.) and benzene (10 c.c.) with vigorous shaking. 
The precipitate, which began to separate after the first few addi- 
tions, was collected (11 g.). Acidification of the filtrate gave 
benzarsinous acid (1*1 g.). For purification the crude product was 
reprecipitated from 2A r -sodium hydroxide. This arsenious oxide , 
like all the benzalkylamidoarsenious oxides examined, is insoluble 
in dilute ammonia and cold sodium hydrogen carbonate solution and 
does not show any visible crystalline structure (Found : N, 6*4 ; 
As, 35*7. C 7 H $ 0 2 NAs requires N, 6*6; As, 35*6%). 

Di(carboxymethyl) Benzamide-p-thioarsinite (XIII). — A suspension 
of the above arsenious oxide (1 g.) in boiling water (19 c.c.) was 
treated with a-thiolacetic acid (1*1 g.). The solid rapidly passed 
into solution and on cooling, fine needles (1*7 g.) of di(carbdxy- 
methyl) benzamidethioarsinite , m. p. 168— 169°, separated* It was 
recrystallised from boiling water (25 c.c.) containing a small amount 
of thiolacetic acid (Found : As, 20*1. C u H 12 0 6 NS 2 As requires As, 
19*9%), When titrated with iodine in the presence of starch, one 
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molecule of this substance reacts rapidly with four atoms of iodine 
in agreement with the formation of disulphidoacetic acid and 
benzamide -p -arsinic acid. When a slightly alkaline solution of the 
thioarsinite (0*41 g.) in sodium hydrogen carbonate solution was 
treated with half the quantity of hydrogen peroxide (0*13 g.) requisite 
for complete oxidation, the original material (0*21 g.) and benzamide- 
p-arsinic acid (0*08 g.) were readily isolated. 

The parent thioarsinite is readily hydrolysed, for a solution in 
aqueous sodium hydrogen carbonate gives an intense nitroprusside 
reaction and an aqueous solution of the free acid gives a transient 
blue colour with ferric chloride. These reactions are not due to 
traces of a-thiolacetic acid contaminating the crystalline material, 
since they are given by odourless samples of the thioarsinites which 
have been exposed to the air for several months. 

Benzamide -p -arsinic Acid (IV). — The corresponding arsenious 
oxide (11 g.) was suspended in water (70 c.c.) containing hydrogen 
peroxide (5*7 g. of 30% “ perhydrol ”) and heated on the water-bath 
until solution was complete. On cooling, large plates of benzamide - 
p -arsinic acid (9*1 g.) separated, which were recrystallised from 
water (58 c.c.). The arsinic acid (7*1 g.) thus obtained is unmelted 
at 300° and forms crystalline barium and calcium salts (Found : 
N, 5*5; As, 30*4. C 7 H 8 0 4 NAs requires N, 5*7; As, 30*6%). 

Benzomethylamide-ji-arsinous acid was prepared similarly by 
means of aqueous methylamine (Found : As, 30*6. C 8 H 10 O 3 NAs 
requires As, 30*3%). The corresponding arsinic acid crystallised 
from water in stout needles, unmelted at 300° (Found : N, 5*7. 
C 8 H 10 O 4 NAs requires N, 5*4%). 

Benzodimethylamide-'p-dichloroarsine . — Benzoyl chloride p-di- 
chloroarsine was allowed to react with aqueous dimethylamine in 
the usual way. After removal of benzene, addition of concen- 
trated hydrochloric acid gave a copious precipitate of small rectan- 
gular plates of benzodimethylamide-ip-dichloroarsine, m. p. 192° 
(Found : As, 25*4. CqH^ONCIsAs requires As, 25*5%). On 
oxidation in alkaline solution it gave benzodimethylamide-^-arsinic 
acid , m. p. 216 — 218°, which crystallised from water in small plates 
(Found : 1ST, 5*0. C 9 H 12 0 4 NAs requires 1ST, 5*1%). 

BenzetJiylamide-]>-arsinous acid was obtained when benzoyl 
chloride p-dichloroarsine in benzene was allowed to react at 0° with 
anhydrous ethylamine in benzene, and the mixture treated with 
acidified water (Found : As, 29*3. C 9 H 12 0 3 NAs requires As, 
29*2%). On oxidation it gave star-shaped leaflets of benzethyl- 
amide--p~arsinic acid, unmelted at 300° (Found : N, 5*3. C 9 H 12 0 4 lSrAs 
, requires N, 5*1 %). 

I^^enzodiethylamide'ip-dichhroarsine was prepared by digesting 
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benzoyl chloride p-dichloroarsine and diethylamine in boiling 
benzene, the gum remaining on evaporation being dissolved in 
caustic alkali and extracted with ether to remove diethylamine. 
On addition of excess of concentrated hydrochloric acid to the residue 
benzodiethylamide-p-dichlor oar sine, m. p. 185 — 186°, was obtained 
as a crystalline precipitate (Found: Cl, 21 -8; As, 23*2. 
C 1]L H 14 ONC1 2 As requires Cl, 22-0; As, 23*3%). On oxidation it 
gave benzodiethylamide-'p-arsinic acid , stout prisms, m. p. 193 — 195°, 
from water (Found: N, 4*9. C n H 16 0 4 NAs requires N, 4*7%). 

Benzo-n-propylamide-p-arsenious oxide was prepared similarly to 
the monoethyl derivative (Found : As, 29*6 ; N, 5*6. C 10 H 12 O 2 NAs 
requires As, 29*6; N, 5*5%). On oxidation it gave clusters of 
needles of benzo-n-propylamide-p-arsinic acid , unmelted at 300° 
(Found : 1ST, 4*8. C 10 H 14 O 4 NAs requires 1ST, 4*9%). 

Benzisoamylamide--p-arsenious oxide was prepared similarly 
(Found: As, 26*5. C 12 S 16 0 2 NAs requires As, 26*7%). On 
oxidation it gave crystalline benzisoamylamide-p-arsinic acid , almost 
insoluble in boiling water but, unlike the lower homologues, easily 
soluble in ethyl acetate and in ethyl and methyl alcohols (Found : 
N, 4*7. C^H^O^As requires N, 4*4%). 

Benzopiperidide-^-dichloroarsine was prepared from the reactants 
in boiling benzene solution. The residue obtained on removal of 
the solvents was treated with chloroform in the presence of concen- 
trated hydrochloric acid. The chloroform solution on concentration 
and addition of light petroleum gave benzopiperidide-p-dichloro- 
arsine , needles, m. p. 166—167° (Found : As, 22*4. C^H^GNClgAs 
requires As, 22*5%). It gave benzopiperidide-p-arsinic acid , needles, 
m, p. 230° (Found : As, 23*8. C 12 H 16 0 4 NAs requires As, 24*0%). 

Benzo-$-hydroxyethylamide-p-ar$enious Oxide. — Benzoyl chloride 
^-dichloroarsine (7*1 g,), dissolved in benzene (20 c.c.), was allowed 
to react with a solution of ethanolamine (2*3 g.) in water (20 c.c.) 
and benzene (5 c.c.) with the concurrent addition of 2A r -sodium 
hydroxide (50 c.c.) in a manner similar to that used in the prepar- 
ation of benzamide-p-arsenious oxide. When the reaction was 
complete the liquid was made slightly acid to litmus, saturated 
sodium hydrogen carbonate solution (50 c.c.) added, and the solid 
(6 g.) removed. Benzo-$-hydroxyethylamide-p~arsenioiis oxide is 
obtained in this way free from benzarsinous acid. It crystallises 
from a large volume of hot water or better from a mixture of ethyl 
alcohol and water in clusters of small needles (Found: As, 29*5. 
C 9 H 10 O 3 ]SrAs requires As, 29*4%). On oxidation it gave benzo- 
$-hydroxyethylamide-p-arsinic acid (VIII), glistening leaflets, m. p. 
180° (efferv.) (Found: N, 4*7. C ? H 12 0 5 NAs requires N, 4*8%). 

Eippuryl Chloride p -Dichloroarsine (XI). — Treatment of benzoyl- 
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gly cine-jp -arsenious oxide (Hugounenq and Morel, J. Pharm. Ghim ., 
1913, 7, 383) with a chloroform solution of thionyl chloride did not 
give the required results. When a method similar to that used by 
Fischer {Ber. 3 1905, 38, 605) for the preparation of hippuryl chloride 
was used, a crude hippuryl chloride p-dichloroarsme was readily 
obtained. The arsenious oxide (1 g.), suspended in freshly distilled 
acetyl chloride, was shaken with phosphorus pentachloride (2*5 g.) 
for 1 hour. The amorphous product (2-1 g.) was collected and 
washed with light petroleum (10 c.e.). Although attempts to 
purify it failed (Found : Cl, 34*6. CgHfOaXClsAs requires Cl, 31 -1 %), 
it could be used successfully for the next process. 

Benzoylglycine-ethylamide-p-arsinic Acid (XII).— Finely powdered 
hippuryl chloride ^-dichloroarsine (5*3 g.) was added to a solution of 
anhydrous ethylamine (4*2 g.) in dry ether (75 c.c.) cooled in a 
freezing mixture. After 2 hours, the solid was collected, ground 
with water (50 c.c.), and washed with sodium hydrogen carbonate 
solution. The product was suspended in hot water and treated 
with 30% hydrogen peroxide, and the resultant solution evaporated 
at 50° to 10 c.c. On cooling, elongated leaflets, which formed 
clusters, separated. These were recrystallised from boiling water 
(34 c.c.) (yield, 6*1 g.). Benzoylglycme-ethylamide-p-arsinic acid thus 
obtained melts at 270° (decomp.) (Found : X, 8*6. C n H 15 0 5 N 2 As 
requires X, 8*5%). . 

Benzoylglycine-n-propylamide-p-arsenious oxide was prepared by 
the interaction of n-propylamine (0*4 g.) and hippuryl chloride 
jp-dichloroarsine (0*3 g.) in ether (30 c.c.). The product was 
amorphous and very similar to its lower homologue (Found : X, 9*1. 
C 12 Hi 5 0 3 X 2 As requires X, 9*0%). 

j3 -Diethylaminoethyl Benzoate-p-arsinic Acid.— A solution of 
p-diethylaminoethanol (11*1 g.) and benzoyl chloride p-dichloro* 
arsine (7*1 g.) in benzene (50 c.c.) was cautiously prepared and 
refluxed for H hours. The suspension of waxy solid was shaken 
with water (50 c.c.), and the benzene removed under reduced 
pressure. After neutralisation of the residue with sodium hydrogen 
carbonate solution, the thick oil was dissolved by addition of ether 
(150 c.c.). The ethereal extract was dried but, after removal of 
the ether, all attempts to crystallise the crude arsinous acid, either 
as such or as the dichloroarsine hydrochloride, failed. In this 
behaviour it resembles its stovaine analogue (Fourneau and Ochslin, 
Bull. Sot, dim., 1912, 11, 912). The oil (4*7 g.) was therefore oxid- 
ised directly to the arsinic acid by means of hydrogen peroxide in 
aqueous suspension. The resultant solution was evaporated to 
dryness, and the residue extracted with boiling alcohol (20 c.c.); 
captious addition of dry ether gave fine needles of $-diethylamino- 
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ethyl benzoate-’p-arsinic acid, m. p. 186° (decomp.) (Found : N, 3*7. 
C 13 H 20 O 5 NAs requires N, 3-8%). 

Benzoyl Chloride m -Dichloroars ine . — m-Benzarsinous acid was 
prepared from m-aminobenzoic acid (50 g.) by the Bart reaction, the 
intermediate arsinic acid being reduced without isolation in the 
solid state, by sulphur dioxide in the presence of hydrochloric acid ; 
the yield varied between 35 g. and 52 g. In preparing the trichloride, 
it was found that chilling the light petroleum extract (250 — 300 c.c.) 
of the distillation residue of the action of thionyl chloride on the 
arsinous acid in chloroform gave fluffy bunches of needles of benzoyl 
chloride m-dichlor oar sine (27 g.), m. p. 54 — 55° (Found : Cl, 37*6. 
C 7 H 4 OC1 3 As requires Cl, 37*3%). 

m-Benzarsinous Acid . — The foregoing chloride (5 g.) was dissolved 
by warming in 2A-sodium hydroxide (20 c.c.), and the solution 
made slightly acid to Congo-paper with hydrochloric acid. (Owing 
to the ease of formation of the dichloroarsine, excess of hydrochloric 
acid must be avoided.) A white mass of microscopic crystals of 
m -benzarsinous acid (4*2 g.) separated (Found : As, 32*3. C 7 H 7 0 4 As 
requires As, 32*6%). 

Benzoic Acid m -Dichloroarsine. — m-Benzarsinous acid (1 g.) was 
dissolved in a boiling mixture of water (12 c.c.), ethyl alcohol 
(9 c.c.), and concentrated hydrochloric acid (7 c.c.), and a further 
quantity (4 c.c.) of hydrochloric acid cautiously added. An oil 
tended to separate on cooling, but was prevented by addition of 
more alcohol or by seeding with crystals of an externally crystallised 
sample. The resultant mass of white prisms was removed and 
washed with concentrated hydrochloric acid (Found: Cl, 26*6. 
CyHgOaClgAs requires Cl, 26*6%). This substance is more readily 
hydrolysed than many other dichloroarsines. 

Benzamide-m~arsenious Oxide , — This substance (12 g.) was pre- 
pared from the corresponding acid chloride and ammonia by the 
method employed for the 2 >isomeride and obtained as a micro- 
crystalline powder (Found : As, 35*4. C 7 H 6 0 2 NAs requires As, 
35*6%). 

Benzamide-m+dichloroarsine. — The foregoing arsenious oxide (1 g.) 
was dissolved in a hot mixture of 3 A- hydrochloric acid (5*5 c.c.) 
and ethyl alcohol (5*5 c.c.), and concentrated hydrochloric acid 
(8 c.c.) slowly added at the boiling point. On cooling, large prisms 
of benzamide-m-dichlor oar sine, m. p. 76—80°, separated (Found : 
Cl, 26*7. CyHgONCigAs requires Cl, 26*7%). On oxidation in 
alkaline solution it gave benzamide-m-arsinic acid , rhombic plates, 
unmelted at 300° (Found ; N, 5*6. C 7 H 8 0 4 NAs requires N, 5*7%). 

Benzomethyltmide-m-arsenious Acid>~ This substance (5*2 g.) 
was obtained in the same way as its p-isomeride (Found : As, 30*6. 
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C 8 H 10 O 3 NAs requires As, 30*9%) : on oxidation in alkaline solution 
it gave fine rods of benzomethylamide-m-arsinic acid , m. p. 238° 
(efferv.) (Found : N, 5*5. C 8 H 10 O 4 NAs requires N, 5*4%). 

Benzisoamylamide-m-arsinic Acid. — When the corresponding 
arsinous acid was prepared by the same method as that used for 
the p-isomeride, a thick brown gum was obtained which remained 
partly solid after being kept for several days at 0°. Accordingly 
this impure product was oxidised directly to the arsinic acid by 
treatment with 30% hydrogen peroxide (3 g.) and 2X-sodium 
hydroxide solution (30 c.c.). The arsinic acid obtained resembled 
the p-isomeride in its solubilities in various solvents. It was finally 
purified by fourfold precipitation from its solution in saturated 
sodium hydrogen carbonate solution (yield, 6 g. from 7*1 g. of 
benzoyl chloride ra-dichloroarsine) (Found : N, 4*5. C 12 H 18 0 4 NAs 
requires N, 4*4%). 

Nuclear -substituted Benzamidearsinic Acids . Derivatives of 
Salicylic Acid 5- Arsinic Acid . 

5-Nitrosalicylic Acid. — The methods for the preparation of this 
acid have been critically examined by Raiziss and Proskouriakoff 
(J. Amer. Chem. Soc ., 1922, 44, 784), but neither the method adopted 
by these authors nor those recorded in the literature gave satis- 
factory results. After many trials the following conditions were 
found to give the 5-nitro-acid consistently in 42% yield. Salicylic 
acid (100 g.) was slowly added (compare Meldola, Foster, and Bright- 
man, J., 1917, 111, 536) to a solution of nitric acid (100 c.c., d 1*42) 
in water (800 c.c.) heated on the water-bath. The contents first 
became dark, but on further heating (3*5 hours) a light yellow powder 
of 5-nitrosaIicylic acid remained at the bottom of the flask. On 
cooling, a mass of fine needles also separated consisting chiefly of 
the 3-nitro-isomeride. The total solid was collected and boiled with 
water (400 c.c.), the liquid filtered hot, and the residue washed with 
boiling water (100 c.c.). The insoluble portion consisted of the 
5-nitro-acid, m. p. 228°. 5-Aminosalicylic acid was prepared from 
the nitro-acid by the method of Weil, Traun, and Marcel (Ber., 
1922,65,2665). 

Salicylic Acid 5-Arsinic Acid (XVI). — 5-Aminosalicylic acid 
hydrochloride (50 g.) was dissolved in water (400 c.c.) and concen- 
trated hydrochloric acid (55 c.c.) and diazotised by the addition of 
10% sodium nitrite solution (210 c.c.) in the presence of ice chippings 
(500 g.). A solution of arsenious oxide (30 g.) in 4% aqueous 
sodium hydroxide (400 c.c.) was then slowly added to the resultant 
suspension of diazo-oxide, and after the subsequent addition of 
freshly precipitated copper (prepared from 50 g. of copper sulphate) 
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the mixture was slowly made faintly alkaline to litmus paper. After 
12 hours and readjustment of the reaction from time to time, the 
liquid was treated with 40% sodium hydroxide solution to decom- 
pose complex copper salts and filtered. The filtrate was made acid 
to Congo-paper and evaporated under reduced pressure at 50° to 
400 c.c. A mass of cream-coloured needles of salicylic acid 5-arsinic 
acid (24 g.) separated on cooling and a further amount (8 g.) was 
obtained by saturating the mother-liquor with sodium chloride and 
keeping it at 0°. The total product was dissolved in 22\f-ammonia, 
treated with norit, and precipitated at 90° with hydrochloric acid 
and finally recrystallised from boiling 50% aqueous methyl alcohol. 
The acid showed all the properties assigned to it by Kahn and 
Benda ( Ber ., 1908, 41, 3863), who prepared it from o-toluidine (see 
also O. and R. Adler, Ber., 1908, 41, 933 ; Karrer, ibid. , 1915, 48, 
1061). So prepared, it crystallises with one molecule of water of 
crystallisation (Pound in air-dried material : loss at 100°, 6*9 ; 
As, 26-7. Calc, for C 7 H 7 0 6 As,H 2 0 : H 2 0, 6-4; As, 26*8%). 

Salicylic Acid 5-Arsinous Acid (XX). — A solution of the above 
arsinic acid (2 g.) in water (10 c.c.) and concentrated hydrochloric 
acid (1 c.c.) was saturated with sulphur dioxide in presence of a 
trace of potassium iodide. After 24 hours, a cream-coloured powder 
of salicylic acid 5-arsinous acid (1*6 g.) separated (Found : As, 30*2. 
C 7 H 7 0 5 As requires As, 30*5%). 

Salicylic Acid 5-Dichloroarsine (XIX). — Salicylic acid 5-arsinic 
acid (7 g.) was dissolved in a boiling mixture of ethyl alcohol (7 c.c.), 
water (15 c.c.), and concentrated hydrochloric acid (40 c.c.), a small 
crystal of potassium iodide added, and the solution saturated with 
sulphur dioxide. The oil which separated at first rapidly solidified 
to a mass of compact prisms. After 4 hours, it was collected 
(6*8 g.) and recrystallised by dissolution in the minimum volume of 
boiling 50% aqueous methyl alcohol, followed by the addition of 
concentrated hydrochloric acid until a turbidity was produced 
(Found: As, 26*4. C 7 H 5 0 3 C1 2 As requires As, 26*5%). 

Methyl Salicylate-5-arsinic Acid (XVII). — The esterification of 
salicylic acid 5-arsinic acid by the Fischer-Speier method proceeds 
very slowly in 1-5% methyl-alcoholic sulphuric acid; if a 10% 
methyl-alcoholic solution of salicylic acid 5-arsinic acid containing 
10% sulphuric acid is used, the methyl ester may be obtained in 
70% yield after 3 hours’ refluxing. The ester is most conveniently 
isolated by removing nearly all the methyl alcohol under reduced 
pressure at room temperature, followed by addition of water (equal 
in volume to the residue). Methyl salicylate-5-arsinic acid , m. p. 208° 
(efferv.), crystallises from 4 parts of boiling 50% methyl alcohol in 
small prisms (Found: MeO, 9-4; As, 27*3. C 8 H 8 0 6 As requires 
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MeO, 11-2; As, 27-2%). If the solution is refluxed for a longer 
period or if more sulphuric acid is used, some of the arsinic acid 
decomposes with formation of arsenious oxide. Saturation of a 
boiling 10% methyl-alcoholic solution of the arsinic acid (7 g.) with 
dry hydrogen chloride, followed by removal of most of the methyl 
alcohol, causes crystals of methyl salicylate-5-dichloroarsine (2 g.) 
to separate. Addition of water (20 c.c.) to the filtrate from this 
product gives methyl s alicylate - 5 - arsinic acid (5 g.). 

Methyl Salicylate-o-dichloroarsine (XVIII). — (i) From salicylic 
acid 5-arsinous acid. The arsinous acid (10 g.), dissolved in 
anhydrous methyl alcohol (15 c.c.), was heated with dry hydrogen 
chloride at 10° until saturated. After 4 hours, methyl salicylate 
5-dichloroarsine (10 g.) had separated and was crystallised from 
boiling benzene, (ii) From salicylic acid 5-dichloroarsine. Salicylic 
acid 5-dichloroarsine (5-1 g.) was dissolved in dry methyl alcohol 
(6 c.c.) and saturated with hydrogen chloride at 10°. The mass of 
crystals was removed after 2 hours and a further amount was 
obtained by adding concentrated hydrochloric acid (5 c.c.) to the 
filtrate. The total yield was 4*6 g. When crystallised from boiling 
benzene, methyl salicylate-5-dichloroarsine , m. p. 168°, was obtained 
in small prisms. It proved to be identical both with that obtained 
from salicylic acid 5-arsinous acid and with that obtained in the 
treatment of salicylic acid 5-arsinic acid with methyl-alcoholic 
hydrogen chloride (Found : MeO, 8*2; Cl, 23*8; As, 25*7. 
CgH-yQgClgAs requires MeO, 10*5; Cl, 23*9; As, 25*3%). This 
substance is soluble in sodium hydroxide, but in sodium hydrogen 
carbonate solution a white solid (methyl salicylate-5-arsinous acid) 
remains after the effervescence has ceased. When it is treated with 
ammonia at room temperature, extensive decomposition takes place. 

Methyl salicylate-5-arsinic acid may be conveniently prepared 
from this dichloroarsine ; it is essential, however, to keep the 
reaction mixture at 0° during the manipulations, otherwise most 
of the product consists of the carboxylic acid. The dichloroarsine 
(5-1 g.) was ground under saturated sodium hydrogen carbonate 
solution (10 c.c.), removed, suspended in a further quantity of this 
reagent (20 c.c.), and slowly treated with 30% hydrogen peroxide, 
(2*2 g.) in water (10 c.c.). After being kept at 0° for I hour, the 
liquid was made acid, and the precipitated methyl salicylate- 5 - arsinic 
acid collected (3*1 g.). 

Salicylamide-5-arsinic Acid (XIV). — A suspension of the finely 
ground methyl ester (6 g.) in methyl alcohol (15 c.c.) and aqueous 
ammonia (20 c.c., d 0*88) was heated in a sealed tube at 100° for 
5 hours* The free ammonia and part of the solvents were removed 
under reduced pressure at 50° and the residual solution was made 



AND CHEMICAL CONSTITUTION. PART IN* 


689 


faintly acid to Congo-paper. Large rhombs separated slowly on 
keeping. They were purified by dissolving them in the smallest 
amount of 2JV'-ammonia, adjusting the reaction to faint acidity to 
litmus, and treating the solution with charcoal. When it was made 
faintly acid to Congo-paper, salicylamide- 5 -arsinic acid , unmelted 
at 300°, separated (yield, 3-9 g.) (Found : N, 5*6. C 7 H 8 0 5 NAs 
requires N, 54%). This amide is much more soluble in dilute 
hydrochloric acid than in water. 

m-Xylyl-4-arsinic Acid . — This acid has been previously prepared 
by Michaelis from tri-m-xylylarsine (. Annalen , 1902, 320, 333). 
After numerous trials the following conditions, were found satis- 
factory for its preparation from m-4-xylidine. A solution of 
m-xylidine (40*5 g.) in concentrated hydrochloric acid (60 c.c.) and 
water (150 c.c.) was diazotised with 10% sodium nitrite (210 c.c.) 
in the presence of ice-chippings (450 g.). This solution was run 
into another consisting of arsenious oxide (45 g.) and 50% aqueous 
sodium hydroxide (160 c.c.) in water (750 c.c.) which had just 
previously been heated to 90°, and 20% aqueous copper sulphate 
(20 c.c.) added. The mixing was complete in 15 minutes and after 
an hour the liquid was made weakly acid to litmus paper and 
filtered from tar. Evaporation of the filtrate (to 700 c.c.), followed 
by acidification to Congo-paper, gave cream-coloured m-xylyl-4- 
arsinic acid (42*6 g.) which was sufficiently pure for oxidation. One 
crystallisation from 20% aqueous alcohol gave fine elongated leaflets, 
m. p. 210 — 212° (Michaelis gives m. p. 210°). 

iso Phthalic Acid 4- Arsinic Acid ( XXI ).■ — This acid was also 
obtained by Michaelis (loc. cit.) by oxidation of the corresponding 
xylylarsinic acid with permanganate. The large volumes used by 
Michaelis can be avoided by the following process (compare Masch- 
mann, Ber., 1924, 57, 1763). A vigorously stirred solution of 
m-xylyl-4-arsinic acid (23 g.) in 0-22V-sodium hydroxide (500 c.c. ; 
1 mol.) was treated with small amounts of finely powdered per- 
manganate (35 g.) at 70 — 75° over a period of several hours. The 
solution was finally boiled and any excess of permanganate destroyed 
by alcohol. After filtration the press-cake was re-extracted twice 
by suspending it in 500 c.c. of 0-2iV'-sodium hydroxide and bringing 
the mixture to the boiling point with stirring. (The acid is retained 
tenaciously by the manganese oxides.) The combined filtrates 
were acidified to Congo-paper and concentrated. The total yield 
of acid was 73*4% of the theoretical. The purity of the successive 
crops obtained can be controlled by titration under standard con- 
ditions in comparison with a sample of the pure acid. 

. Action of Thionyl Chloride on iso Phthalic Acid 4- Arsinic Acid . — 
The acid (5*8 g.) was gently boiled for hours with excess (47 g.) 



690 


GOUGH AND KING : TRYPANOCIDAL ACTION 


of freshly distilled thionyl Ghloride. The residue obtained on 
removal of the solvent was dissolved in dry toluene and added 
portionwise to 140 c.c. of chilled 2A T -ammonia in a bottle and 
vigorously shaken. The toluene was removed under reduced pres- 
sure and perhydrol (2*3 g.) was added to the clear aqueous solution. 
On concentration to a small volume and acidification, isophthalamic 
acid ft-arsinic acid (XV) separated (yield, 4*45 g.). For analysis it 
was reerystallised from 30 volumes of boiling water, separating 
in well-formed glassy prisms (Found : loss at 100°, 5*9, 6*2. 
C 8 H 8 0 6 XAs,H 2 0 requires H 2 0. 5*9%. Found in anhydrous acid : 
X, 4*9; As, 26-1. C 8 H 8 0 6 XAs requires X, 4*85; As, 25*9%). 
This acid also crystallises in short needles. Both forms are unmelted 
at 300°. 

Action of Phosphorus Pentachloride on iso Phthalic Acid 4- Arsinic 
Acid. — (a) With 5*5 molecular proportions of phosphorus penta- 
chloride. Finely powdered ^ophthalic acid 4-arsinic acid (5*8 g.) 
was mixed with 22-9 g. of phosphorus pentachloride and after the 
vigorous reaction had subsided, during which chlorine was evolved, 
the product was heated in an oil-bath at 110° (external temperature) 
for 3 hours. The phosphorus oxychloride was distilled off under 
reduced pressure and the residue, dissolved in sodium-dried toluene, 
was added portionwise to 160 c.c. of chilled 2A r -ammonia with 
vigorous shaking. The toluene was separated, and the aqueous 
layer extracted once more with benzene. The combined extracts, 
evaporated to dryness, left 0*05 g. of 3 : 4-dichlorobenzamide, 
m. p. 163° (see below, section b ). The aqueous layer was evaporated 
at 50° to a small volume and deposited 0*8 g. of crude 4:-chloro- 
isophthalamide (XXII), m. p. 223 — 226°. This amide is soluble in 
17 parts of boiling water and crystallises in needles, elongated 
leaflets, and in square plates, m. p. 232 — 233° (Found : X, 14*2. 
C 8 H 7 0 2 X 2 C1 requires X, 14*1%). On hydrolysis with boiling 
A-potassium hydroxide solution it gave 4-chloro^ophthalic acid. 
This acid is very sparingly soluble in boiling water, requiring 130 
parts for solution. It crystallises therefrom in fine needles, m. p. 
290 — 292° (Found : equiv., 104. Calc., 100*3). In its properties 
it accords best with those given by Ullmann and Uzbachian (Ber.> 
1903, 36 , 1799). 

The mother-liquor of the chloro^ophthalamide was made dis- 
tinctly alkaline by the addition of sodium hydroxide and perhydrol 
(2*3 g.) was added. On acidification the half-amide of ^ophthalic 
acid 4-arsinic acid (3*25 g.) separated, identical with that obtained 
by the use of thionyl chloride. 

(b) With 6*5 molecular proportions of phosphorus pentachloride . 
The acid (10*75 g.) was mixed with powdered phosphorus penta- 
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chloride (50 g.) in a small distillation flask, and the chlorine and 
phosphorus oxychloride produced were allowed to distil off. The 
flask was then immersed in an oil-bath kept at 150 — 160° for 5 hours. 
Most of the phosphorus oxychloride had distilled off at the end of 
the first hour’s heating. The product was worked up similarly to 
the foregoing. The benzene-toluene extract on evaporation de- 
posited 0*25 g. of crude 3 : 4-dichlorobenzamide, m. p, 140 — 156°, 
which on recrystallisation from 15 c.c. of water separated in large 
leaflets, m. p. 166 — 168°. Of this, 0*05 g. was hydrolysed by boiling 
iV'-potassium hydroxide (1*25 c.c.) and on acidification gave 3 : 4-di- 
chlorobenzoic acid as a felt of microscopic crystals. It was 
recrystallised from a large volume of boiling water and separated 
in microscopic pointed leaflets, m. p. 211 — 212°. The amount 
available was insufficient for complete analysis, but 0*0372 g. on 
titration required 2*05 c.c. of Nj 10-alkali, whereas the calculated 
figure is 1*95 c.c. 

The aqueous layer, freed from ammonia and toluene by distil- 
lation at 40°, gave 4-chloroisophthalamide (6*0 g.), m. p. 223 — 227° ; 
the mother-liquor on concentration gave a further 0*65 g. of the 
same substance. No other product could be found. 

Methyl 'isoPhthalateA-arsinous Acid. — isoPhthalic acid 4-arsinic 
acid (20 g.) was suspended in 150 c.c. of dry purified methyl alcohol 
(wood spirit), and a current of dry hydrogen chloride passed till 
saturation was complete at 0°. The clear dark brown solution was 
then heated for 5 hours under reflux, the passage of dry hydrogen 
chloride being continued. During this process a dark lower layer 
containing methyl t*5ophthalate-4-dichloroarsine separated. The 
major portion of the supernatant layer was removed by heating 
under reduced pressure, and the residue poured into 250 c.c. of 
saturated sodium hydrogen carbonate solution cooled below 0°. 
The insoluble grey rubbery mass gradually disintegrated and solidi- 
fied. It consisted of almost pure methyl isophthalateA-amnovs acid 
(yield, 19 g.) (Found : MeO, 15*1 ; As, 24*6. C 10 H n O 6 As requires 
MeO, 20*5; As, 24*8%). Treatment of this ester with aqueous 
methyl-alcoholic ammonia at 100° led to extensive decomposition. 

Methyl isoPhthalateA-arsinic Acid. — The arsinous acid (19 g.) 
was suspended in water (50 c.c.) at 0° and treated with sodium 
hydrogen carbonate (2*2 mols.) and 30% hydrogen peroxide (T1 
mols.). Rapid effervescence occurred and when solution was 
complete acidification gave microscopic square plates of methyl 
mojphthalateA-arsinic acid (20*5 g.) (Found : As, 23*6. C 10 H 13L O 7 As 
requires As, 23*6%). This acid is fairly readily soluble in hot water 
and crystallises therefrom in long needles, which effervesce at 196 — 
197° and then rapidly resolidify. The plate form of crystal 
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effervesces at 185° and then rapidly resolidifies (anhydride form- 
ation). 

Methyl iso Phthalate i-Arsinetetrachloride . — The dicarboxy-acid 
(5 g.) was suspended in 35 c.c. of synthetic methyl alcohol at —5°, 
and the liquid saturated with dry hydrogen chloride. The acid 
dissolved after 1 hour and after a few more hours pale yellow needles 
began to separate. When separation was complete the solid was 
rapidly collected, washed with sodium-dried ether, and quickly 
dried in a vacuum. Th e arsinetetrachloride (2*5 g.) is highly hygro- 
scopic and has m. p. 110 — 115° (efferv.) (Found : Cl/; 31*7. 
C l0 H 9 O 4 Cl 4 As requires Cl, 34*6%). The low chlorine content 
indicates slight hydrolysis to the oxychloride, since the product 
was free from - tervalent arsenic compounds. When added to 
saturated sodium hydrogen carbonate solution at 0°, it rapidly 
dissolved and on acidification gave methyl isophthalate-4-arsinic 
acid, identical with the product described above. Characteristic 
is its separation in microscopic plates on acidification but in needles 
when recrystallised from water. 

Action of Ammonia on Methyl isoPhthalateA-arsinic Acid . — Methyl 
tsophthalate-4-arsinic acid (28*4 g. of the plate form) was added 
to 284 c.c. of ammonia ( d 0*88) previously cooled to —5°. The 
mixture was kept below 0° for 14 days, during which the gelatinous 
ammonium salt which originally separated had disappeared with 
formation of a loose powder. The ammonia was removed as far 
as possible at room temperature and then, with some concentration 
of the solution, at 45°. On strong acidification to Congo-paper, a 
large crop of crystals separated, and on concentration of the mother- 
liquor at 50° further crops were obtained, making 25*2 g. in all. 
This material was subjected to fractional crystallisation, the more 
sparingly soluble fractions (16*0 g.) consisting of ^ophthalamic acid 
6-arsinic acid identical with that obtained previously. The more 
soluble fractions were further carefully fractionated, and the nitrogen 
content and titration equivalents determined. They consisted 
mainly of the above half-amide mixed with varying proportions of 
esters. There was no evidence for the presence of a diamide in any 
fraction. 

If the original solution is not acidified strongly to Congo-paper, 
the product contains an acid ammonium salt of isophthalamic acid 
6-arsinic acid which, being readily soluble in water, separates in the 
later fractions. It crystallises in fine silky needles (Found : N, 
8*9. CgH^OgNgAs requires N, 9*1%). The use of methyl-alcoholic 
ammonia at higher temperatures was no more successful. 
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Derivatives of Sulphophenylarsinic Acid. 

Benzenesulphonyl Chloride p~Dichlor oar sine (XXV).— p-Sulpho- 
phenylarsinic acid (13*2 g., prepared as described by Hewitt, King, 
and Murch, J., 1926, 1369) was suspended in carbon tetrachloride 
(132 c.c.), and phosphorus pentachloride (58 g. ; 6 mols.) added. 
On warming, hydrogen chloride and chlorine were rapidly evolved. 
After 1-5 hours' refluxing, the substances volatile at 50°/20 mm. 
were removed and the residue was poured into a mixture (200 c.c.) 
of equal volumes of concentrated hydrochloric acid and water. The 
precipitated oil rapidly solidified (13-1 g.) and when dry was crystal- 
lised from benzene. Benzenesulphonyl chloride p-dichloroarsine 
separated in stout rhombs (Found : Cl, 33*2. C 6 H 4 0 2 C1 3 SAs 
requires 01, 33-1%). 

Benzenesulphonyl Chloride p-Arsenious Oxide. — The corresponding 
dichloroarsine (1 g.) was ground with water and kept for 12 hours. 
The amorphous product was pure benzenesulphonyl chloride 
p-arsenious oxide (0*8 g.), almost insoluble in water or organic 
solvents (Found : Cl, 13-5. C 6 H 4 0 3 CiSAs requires Cl, 13*3%). 
The aqueous filtrate contained a small quantity of deliquescent 
p-sulphophenylarsinous acid, which may be more readily prepared 
by boiling either of the sulphonyl chloride compounds with water 
and evaporating the resultant solution repeatedly to dryness with 
water. 

Benzenesulphonamide-p-arsenious Oxide (XXVI) . — Benzene- 
sulphonyl chloride ^-dichloroarsine (5*8 g.), dissolved in benzene 
(15 c.c.), was slowly added to 2A-aqueous ammonia With vigorous 
shaking. Towards the end of the reaction a white solid separated 
(2 g.), and a further precipitate (2*6 g.) was obtained by removing 
the benzene and evaporating the aqueous solution (to 30 c.c.). The 
united crops were dissolved in hot sodium hydrogen carbonate solu- 
tion and precipitated with acid. Benzenesulphonamide-p-arsenious 
oxide is an amorphous substance which is much more soluble in 
water than the corresponding benzamide compound (Found : As, 
28*2. C 6 H 6 0 3 NSAs requires As, 28*3%). On treatment with 
hydrochloric acid it is readily converted into benzenesulphonamide - 
p -dichloroarsine. For the preparation of this substance sufficient 
ethyl alcohol was added to a suspension of the arsenious oxide 
(1 g.) in water to give a clear solution on boiling, and concentrated 
hydrochloric acid (15 c.c.) slowly added. On cooling, a mass of fine 
needles (0*82 g.) separated, m. p. 176 — 178° (Found: Cl, 23*3; 
As, 25*0. C 6 H 6 0 2 SrCl 2 SAs requires Cl, 23*5 ; As, 24*8%). 

Benzenesulphonamide-p-arsinic Acid (XXVII).— A suspension of 
benzenesulphonamide-p-arsenious oxide (8*7 g.) in water (30 c.c.) 
Was mixed with a solution of 30% hydrogen peroxide (4*4 g.) in 
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water (20 c.c.). The mixture became hot, most of the solid dissolved, 
and the nndissolved portion became crystalline. The reaction was 
completed by heating until a clear solution was obtained. On 
allowing the liquid to cool, stout rhombic tablets of benzenesulphon- 
amide-p - arsinic acid separated. They were recrystallised from 
boiling water (60 c.c.) and gave 6-7 g. of pure amide (Found : N, 4*8. 
C 6 H 8 0 5 NSAs requires N, 5*0%). 

National Institute fob Medical Research, 

Hampstead, N.W. 3. [Received, January 21th, 1930.] 


XC . — The Heats of Association of Acetic and 
Heptoic Acids in the Vapour State . 

By (Miss) Tempe M. Fenton and William Edward Garner. 

The work of Ramsay and Young on the vapour pressures and vapour 
densities of acetic acid (Sci. Proc . Roy. Dublin Soc. : 1910, 12, 374; 
J., 1886, 49, 790) showed that this substance was associated in the 
vapour state, and that the degree of association decreased with 
increase in temperature. It is possible to calculate an approximate 
value for the heat of association from their data by means of the 
equation d log KJdT = — Q c jRT 2 . We have now repeated this 
work and our results are in better concordance with one another 
than are those of the above authors ; the values of Q v found from 
the two investigations are 12,420 and 13,790 cals, per g.-mol., 
respectively. 

The primary object of the present investigation was to determine 
Q v for acids with longer chains, with a view to obtain evidence as to 
the nature of the linkage between the molecules of acids. The heat 
of vaporisation of acetic acid at 110° is less than one-half of Q e 
(5,170 cals.; Young), which indicates that the forces holding the 
molecules together are greater than those causing condensation from 
the vapour to the liquid state. If the attachment is by means of the 
two carboxyl, groups to give double molecules, then Q v should 
approach a practically constant value as the homologous series of 
monobasic acids is ascended, and it would be expected that this 
constant value would be reached when the length of chain exceeded 
five or six carbon atoms. If, on the other hand, the association 
occurs by linking through the methylene groups, then the heat of 
association should increase with increasing length of chain. 

Accordingly, heptoic acid has been studied, and shown to be 
about 16% associated at its boiling point. A value for Q v has been 
determined, viz., 7,050 cals, per g.-mol., but on account of the low 
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degree of association, this is much less accurate than that of acetic 
acid. Thus the heat of association decreases with increase in chain 
length, a result which is in accord with the view that linking occurs 
through the carboxyl groups, and not through the hydrocarbon 
chains, and that the residual affinity of the carboxyl group decreases 
with increasing chain length. Acids with shorter chains must, 
however, be investigated before this conclusion can be substantiated. 

Experimental. 

Apparatus . — The modified form of Ramsay and Young’s appar- 
atus used in the present series of experiments consists of two Pyrex- 
glass tubes A and B, about 90 cm. long, standing 
in a gas-jar C containing mercury (Fig. 1) and 
bound together by copper w T ire, a short asbestos 
pad being inserted to keep them vertical. C is 
closed by a rubber bung which carries two other 
tubes, D and E. D is bent twice at right angles 
and serves to remove the excess mercury intro- 
duced during the setting up of the apparatus. 

E is connected by means of a piece of glass tubing 
(fitted with a tap) to a water pump. 

A and B were heated by the vapour from 
liquid boiling in the flask F, which is connected by 
a ground-glass joint to the cylindrical glass jacket 
G. The top of G has a side tube I connecting 
with a glass spiral open to the air and a tube 
leading back to the bottom of F. A spiral of 
nichrome wire is wound round the tube G, which 
is heated by an electric current. The wire is 
wound on strips of asbestos so placed as to leave 
a window in the back and front of the tube. G 
rests in a glass trough containing mercury, which 
consists of the top of a wide-mouthed bottle cut off near the top, the 
mouth being closed by a rubber bung through which A and B pass. 

The whole apparatus from I to K is enclosed in an asbestos-lined 
box, to protect it from draughts, which has glass windows back and 
front, the front window consisting of a calibrated glass scale, A 
fine mark was etched near each end of A, and the volume between 
these two marks determined for each cm. length of tube. 

The thermometers used were either standard or had been checked 
against standards, at or near the temperatures of the vapours used 
in the tube G. 

Materials. — Kahlbaum’s acetic acid was used, and its purity was 
determined by titration with Y/ 10 -sodium hydroxide which had 


Fig. 1. 
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been standardised against pure crystallised succinic acid. The 
acid was found to be 99-2% pure, and was then partly (about two- 
thirds) frozen, and the liquid separated. This process was repeated, 
and. the solidified acid used for the experiment. The weights of 
acid used Were approximately 0*1, 0*07, and 0*08 g. in three series of 
experiments. 

Preparation of Tubes for Vapour -density Determination . — The 
tubes A and B were left for 24 hours full of freshly made chromic 
acid solution, and then repeatedly rinsed with distilled water and 
dried by a current of hot air. Dry mercury was poured into them 
to a depth of 5 — 6 cm. at a time, and each portion was boiled to 
expel any air trapped between the mercury and the walls. The 
two tubes (which had previously been pushed through the two 
bungs) were inserted in the gas -jar full of mercury and a weighed 
quantity of acetic acid contained in a small Victor Meyer bottle was 
introduced into the calibrated tube. The bung was then pushed 
firmly into the gas- jar C, the excess mercury being run out through 
the side tube D. The gas- jar was then anchored by copper wire to 
the sides of the tray in which the apparatus stood and a forked 
support attached to a heavy retort-stand was pushed under the 
bung closing the mercury seal. The tube E was connected to the 
pump and the apparatus was made gas-tight by means of melted 
gutta-percha at the glass-rubber connexion. 

The jacket and flasks were then fitted on, and the electrical 
heating was adjusted so that the temperature was about 10 — 20° 
below the boiling point of the jacketing liquid. The liquid in the 
flask was then boiled until steady circulation of the vapour occurred. 
The temperatiye was measured by means of three standardised 
thermometers suspended at intervals between the two experimental 
tubes. 

The pressure was obtained from the difference between the levels 
of the mercury in the two tubes. Since the temperature of the two 
tubes was the same, the vapour pressure of mercury and the density 
of the liquid mercury in the tubes were identical. The difference 
in level, multiplied by the density of mercury, therefore gave the 
pressure of the vapour of acetic acid. 

To read the mercury level, a diffuse light was placed behind the 
apparatus so that the meniscus showed black against it. The 
telescope was first adjusted so that the cross-wires touched the top 
of the meniscus, and then readjusted until the glass scale was in 
focus, whereupon the scale reading was taken, decimals of a milli- 
metre being determined by means of a vernier on the cathetometer. 
The volume was calculated from the height of mercury in the 
experimental tube and allowance was made for the volume of the 
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Victor Meyer bottle. The volume correction for expansion of the 
glass tube is negligible for the range of temperatures used. 

From these measurements the ratio of the apparent to the real 
molecular weight was determined by the formula 

w 22,400 760 134) 

M' v ‘ 273 ‘p'S* 

where w = weight of acid introduced, M = molecular weight of 
acid, v — volume (in c.c.), p = observed pressure (in mm.), T = 
absolute temperature of experiment, and § = density of mercury 
at T° Abs. 


Fig. 2. 



10 4 X 1/T. 

I. Acetic acid {authors). II. Acetic acid {Young). 

III. Heptoic acid . 

Assuming that the association of acetic acid is due to the reaction, 
2CH 3 'C0 2 H (CH 3 *C0 2 H) 2j we have for the equilibrium constant, 

K p = PaJPa 2 , where p A% is the partial pressure due to double mole- 
cules and p A that due to single molecules ; therefore K v = 
(B-l)/p(2-R)K 

In Table I are collected the data for acetic acid (under the symbols 
defined above) together with the average value of K c calculated from 
K c = K p . 760 . T. 22*4/273. 

The plot of log K c both for our results and for Young’s (J., 1886, 
49 , 790) is given in Fig. 2, and it will be seen that, although both 
sets lie on straight lines, the two curves are not coincident. 

The average values of K c are employed in the calculation of the 



698 

BENTON 

AND gabneb: 

THE HEATS 

OE ASSOCIATION 

heat of reaction at constant volume in the usual way and give the 

results shown in Table II. 









Table I. 








Data for acetic acid. 




No. of 








Mean 

expts. 

Series. 

V. 

P* 

T -273°. 

b: 

K p x 10 5 

. K e . 

1 

1 

67-255 

499-980 

131-03° 

1-380 

197 



1 

1 

67-469 

499-868 

130-0 

1-379 

197 



1 

2 

60*575 

425*724 

132 

1-320 

163 



1 

2 

69-561 

374*403 

132 

1-307 

,171 



1 

2 

70-785 

369-460 

132 

1-301 

167 


44-16 

1 

2 

60-774 

424-661 

132- 

1-319 

162 



4 

2 

61-265 

416-139 

131*9 

1*335 

181 



2 

2 

63-642 

402-825 

131-9 

1-328 

180 



1 

3 

57-632 

463-490 

131-93 

1-339 

167 



1 

3 

58-004 

460-481 

131-8 

1-339 

168 



4 

3 

57-979 

460*210 

131-9 

1-341 

170 J 



1 

1 

74-292 

550-836 

154-9 

1*209 

64-2' 


3 

2 

64*224 

475-852 

155-73 

1-185 

58-5 


2 

2 

66-385 

458-374 

155-73 

1-190 

63-2 


2 

2 

68-199 

448*378 

155-73 

1-184 

61-8 

► 16-86 

4 

2 

63-992 

473-474 

155-73 

1-195 

63-7 


4 

3 

62-438 

505-594 

156-05 

1-206 

64-8 


2 

3 

63-068 

500-575 

156-05 

1-206 

65*3 J 


3 

2 

68-753 

517*218 

183-83 

1-089 

20-6 1 


5 

2 

69-131 

512-222 

. 183-83 

1-093 

21-0 


4 

2 

70-544 

500-467 

184-2 

1-097 

23-9 


4 

2 

69-012 

511*432 

183-8 

1-097 

23-2 

„ 6-296 

3 

3 

66-911 

556*007 

183*9 

1-099 

21-8 


2 

3 

66-900 

553-190 

183-9 

1-099 

22-2| 


1 

3 

67-240 

552-257 

183-9 

1-095 

21-1 


1 

1 

66-741 

554-844 

183-9 

1-098 

21-8 


1 

1 

63-974 

453-390 

110-11 

1-514 

480' 



1 

1 

63-157 

454-285 

110-1 

1-531 

506 



1 

1 

63-688 

453-659 

110-1 

1-520 

496 



1 

1 

65-867 

438-050 

110-1 

1-522 

522 

> 

117-00 

3 

2 

71-227 

306-000 

110-5 

1-444 

469 



2 

2 

64-5S0 

331-850 

110 

1-468 

436 



2 

2 

55-373 

379-600 

110-8 

1-499 

524 






Table II. 






A cl . 

AV 




« 



44*16 

16-86 

404*68 

428-70 


13,800 


44*16 

6-296 

404*68 

456-91 


13,690 


117*00 

44*16 

383*24 

404*68 


14,000 


16*86 

6*296 

428-70 

456-91 


13,580 


117*00 

16-86 

383-24 

428-70 


13,900 


117*00 

6-296 

383-24 

456-91 


13,790 


Mean 13,790 


X-Ray evidence shows that, in the solid state, the carboxyl groups 
of adjacent molecules of monobasic acids are attached to one 
another, and it is not unlikely that the molecules of acetic acid are 
attached in 'a- similar manner in the vapour state. On this view, the 
heat of association of acetic acid would be the heat of association 
of carboxyl groups, and the high value of this heat may be ascribed 
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to an atomic rearrangement occurring between these groups on 
association. 

Determination of the Heat of Association for Heptoic Acid . — The 
heptoic acid, obtained by repeated fractionation of a specimen from 
Kahlbaum, had been employed in a determination of heats of 
crystallisation, and melted at — 7-5°; its purity was found by 
titration to be 98*79%. 

The mode of heating the tube G was modified slightly, since, for 
the higher temperatures, the fall of temperature along the tube 
was about 5° when the vapour was distilling through it. The 
wiring was therefore readjusted until the electrical heating by itself 
gave a fall of only 6°; with the circulating vapour, this gave a 
satisfactorily constant temperature with a fall of about 1°, and the 
average temperature was taken. The three jacketing vapours used 
were aniline, benzyl alcohol, and methyl salicylate. The weights 
of acid used were 0-06 and 0*03 g. approximately. Table III gives 
the results obtained at four temperatures. Partly owing to the 
difficulty of maintaining constant temperatures at 200° and above, 
and partly owing to the low degree of association of heptoic acid, 
the values of K v are much less concordant than those obtained for 
acetic acid ; and the corresponding values of Q v (Table IV) do not 


No. of 


Table III. 


Mean 


expts. 

Senes. 

v . 

P- 

T —273°, 

B. 

X 

h- ■ 

o 

3 

1 

47-838 

292*626 

230-5° 

1*084 

3501 


6 

1 

46*861 

293*936 

227 

1*093 

384 1 

- 

I 

2 

39*163 

203-481 

225*5 

1-067 

379 I 


2 

2 

53-974 

136-330 

213*75 

1-063 

525i 

t 

2 

2 

37-733 

192-684 

213-75 

1*076 

459 J 

r 

2 

1 

43-554 

292*806 

206*3 

1-130 

587 


2 

1 

51*840 

252-525 

206-3 

1*098 

479 


2 

1 

57-739 

226-530 

206-3 

1*099 . 

541 


2 

I 

43-560 

292*659 

206-3 

1*128 

576 


2 

2 

41-851 

168-673 

207-12 

1*091 

650 


• 2 

2 

52-255 

137-391 

207-8 

1*074 

629 


2 

2 ' 

36-508 

195*660 

210-5 

1*084 

527J 


2 

1 

53-189 

227*199 

186-2 

1-136 

804] 


2 

1 

62-637 

197*001 

185*2 

1*101 

604 


2 

1 

64*352 

189*424 

185*2 

1*124 

851 


2 

2 

34-902 

192-599 

187*75 

1-096 

612 

\ 

2 

2 

57-963 

118*746 

187*77 

1-071 

687 


2 

2 

34-964 

193-021 

191*00 

1-100 

640 

) 




Table IV. 






AV 


2V 



Qv 


17-06 

11-59 

480*23 

500*66 

9,030 


14-93 

11*59 

486-75 

500-66 

8,820 


17-06 

14-93 

480*23 

486-75 

9,470 


20*17 

11-59 

460*19 

500-66 

6,260 


20-17 

17-06 

460-19 

480-23 

3,670 


20-17 

14*93 

460*19 

486-75 

5 

1,040 
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possess much value by themselves. Nevertheless, the results indicate 
that the heat of association of heptoic acid is decidedly lower than 
that of acetic acid. An investigation into the behaviour of acids of 
intermediate chain length would appear desirable. 

Summary. 

Acetic and heptoic acids have been shown to be associated in the 
vapour state and the heats of association have been calculated. 
For acetic acid, Q v = 13,790 cals, per g, -mol. over the temperature 
range 110 — 184°. For heptoic acid, Q v appears to vary with 
temperature; the average value between 185° and 230° is 7,050 
cals, per g.-mol. Since the heat of evaporation of acetic acid is only 
5,570 cals, per g.-mol., it is concluded that the double molecules are 
held together by forces analogous to those of chemical combination. 

The University, Bristol. [ Received , December 18th, 1929.] 

XCI. — A Simple Method for the Preparation of Maleic 

Anhydride . 

By Frederick Alfred Mason. 

Maleic acid can now be obtained cheaply and conveniently on a 
commercial scale by the catalytic oxidation of benzene, but the 
preparation of maleic anhydride by existing methods involves the 
use of an expensive dehydrating agent such as acetyl chloride or 
phosphoric oxide (compare Anschutz, Ber., 1879, 12 , 2281; 1881, 
14,2789; 1882,15,641; Perkin, Ber., 1881, 14 , 2547 ; 1882,15, 
1073; Fittig, Annalen, 1877,188, 87; Volhardt, ibid., 1892, 268 , 
255; Tanatar, ibid., 1893, 273 , 32; Van der Riet, ibid., 1894, 
280 , 216). The anhydride cannot be prepared by heating maleic 
acid just above its melting point (Pelouze, Ann. Chim 1834, 11 , 
266), at 130° in a sealed tube (Skraup, Monatsh ., 1893, 14 , 500), 
at 190° (Tanatar, loc . tit.), or with water in a sealed tube (Skraup, 
Monatsh 1891, 12 , 107), the chief or sole product being fumaric 
acid in all cases; neither can it be prepared by distilling maleic 
acid rapidly in small quantities, since, according to Pelouze, the 
anhydride and the water in the distillate at once regenerate maleic 
acid. 

It hits now been found that the anhydride may be obtained from 
the acid in excellent yield by distilling the latter with a neutral 
high-boiling solvent such as xylene or, better, tetrachloroethane. 
The water formed distils at once with the solvent and as soon as all 
the water is removed the residue is fractionated under reduced 
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pressure; the anhydride then distils in a pure form, only about 
10% of the acid remaining behind as fumarie acid. 

Experimental. 

A mixture of 100 c.c. of tetrachloroethane and 100 g. of commercial 
maleic acid was heated, preferably in an oil bath, until 90 c.c. of 
distillate had been collected, consisting approximately of 75 c.c. 
of tetrachloroethane and 15 c.c. of water (theory requires 15*5 
c.c.), the temperature rising from 120° to 150° as indicated by a 
thermometer placed in the neck of the flask. The residue was then 
distilled until the thermometer indicated 190° (b. p. of anhydride 
197—199°), the receiver changed, and the residual anhydride 
distilled under reduced pressure, boiling at 82 — 84°/15 mm. (reduced 
pressure is desirable but not essential) : 70 g. of anhydride were 
collected, and the middle fraction on refractionation gave a further 
5*5 g., the total yield being 75*5 g. or 89*5% of the theoretical. 
The residue (8*5 g.) of fumarie acid in the flask was removed with 
alcohol and still contained a small amount of anhydride. 

Similar results were obtained when xylene was used as the solvent, 
but the water came over much more slowly ; for instance, the dis- 
tillate from a mixture of 50 g. of maleic acid and 100 c.c. of xylene 
contained 2 c.c., 3 c.c., and 5*5 c.c. of water in 50 c.c., 70 c.c., and 
80 c.c. respectively. 

The anhydride so obtained has a boiling point of 197 — 199° 
(uncorr.) and a setting point of 52° (Fittig gives 196° and 60°). 
It is easily soluble in most organic solvents and crystallises well 
on cooling. On exposure to the air it absorbs moisture, re-forming 
maleic acid. . 

Attention must be directed to the fact that the vapour of the 
anhydride, although having no perceptible odour at the ordinary 
temperature, attacks the mucous membrane of the nose and after 
some time causes inflammation and a heavy catarrh of the nasal 
passages, the symptoms resembling those of a severe “ common 
cold.” 

The experiments were carried out in the Organic Chemical 
Laboratories at Oxford and thanks are due to Imperial Chemical 
Industries Ltd. for permission to publish the results. 

College oe Technology, 

Manchester. [Received, February llth, 1930]. 
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XCIL — Further Degradative Experiments in the 
Morphine Group . 

By Robert Sidney Cahn. 


The following experiments are a continuation of earlier work (J., 
1926, 2562) which had as its object the preparation, with a view to 
later synthesis, of 3 :4-dimethoxy-13-ethyloctahydrophenanthrene (I) 
from the natural alkaloids of the morphine group. They have had 
to be discontinued * short of ultimate success and are here placed 
on record for reference. 

The route chosen must give no opportunity for wandering of the 
ethanamine side chain from 013 to C14 or other positions (compare 
Schopf and Bardowsky , Annalen, 1927, 458, 148), and it is therefore 
worth noting that both dihydrothebainone, the initial material of 
the previous experiments, and dihydrothebaine, that of this series, 
undoubtedly contain the ethanamine chain attached to C13 and 
that no wandering was possible under the conditions of the later 
reactions. 


MeO/\ 


MeO 


L CH, 

j/TSi 


MeOjj^S 

rNp 

A CH 



Me0/% 


I 


AAc: 
^ A “ 


H 

CH 


a*r\— CH 2 -NMe 2 


MeO-C, 


H, f kf 

•V 

(III.) 


SH, 


By heating the methiodide of dihydrothebainemethine j* (II) with 
amyl-alcoholic potassium hydroxide, Freund and Speyer (Ber., 1920, 
53 , 2250) obtained the vinyl compound (III) mixed with a red 
impurity. They gave the melting point of (III) as 150 — 151°, but 
their analyses showed the product to be impure. The formation 
of the red impurity has been confirmed, but the vinyl compound 
has been obtained pure by transforming the methiodide by means 
of silver oxide into the methohydroxide and refluxing this in 
isoamyl-alcoholie solution; the pure substance melts at 120 — 121°* 
Hydrochloric acid readily hydrolyses 6-methoxy-13-vinyltetra- 
hydromorphenol methyl ether (III) to 6-keto-13-vinylhexahydro- 
morphenol methyl ether (IV), which absorbs two molecules of 

* The author’s skin became sensitive to the catalytic reduction products 
of thebaine. (Cure : frequent bathing with very hot boracic solution.) 
f For nomenclature, see J., 1926, 2564, footnote. 
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hydrogen in the presence of' platinised charcoal to give 6-Jeeto- 13- 
ethyloctahydromorphenol methyl ether (V). The ether bridge in (V) 




(VI.) 


is reduced by aluminium amalgam and moist ether, yielding 6-keto- 
13-ethyloctahydromorphol 3-methyl ether (VT), which has been 
prepared by a different route by Wieland and Kotake ( Annalen , 
1925, 444, 87). Neither method gives a good yield, probably 
because of partial reduction of the keto-group. Attempts to proceed 
further with the small quantity of (VI) available were unsuccessful. 
The methohydroxide of dihydrothebainemethine (II) on decom- 
posing gives only 30% of the vinyl compound (III), and 50% of 
the methine formed by loss of methyl alcohol can be recovered. 
The latter reaction was found to occur almost exclusively with 
three bases in the previous investigation (Cahn, loc . but reaches 

only negligible proportions in other cases, e.g., thebenol and theben- 
one. Notwithstanding certain apparent regularities, it seems im- 
possible to foretell the course of the degradation of these complicated 
bases; for instance, hydroxydihydrocodeinonemethine, which is 
structurally intermediate between the examples mentioned above, 
may be compared with the base (II), giving 48% of trimethylamine, 
whereas the closely related dihydromethylhydroxydihydrothebain- 
onemethine gives less than 10% (Freund and Speyer, J, pr. C'hem., 
1916, 94, 135; Schopf, Annalen , 1927, 452, 256). The contra- 
dictions do not appear capable of explanation along the lines of 
the theoretical views of Ingold and his collaborators ( J., 1927, 997 ; 
1928, 3125). In particular are they noteworthy when the deduction 
is drawn that the elimination of methyl alcohol from substances of 
the type R"^H a “CH 2 -“NMe 3 }OH reaches a limit of 25% when R is 
w-butyl, and the statement is made (J., 1929, 2338} that there is 
no known instance of “ a complete disappearance of the reaction 
leading to an olefin, a tertiary amine and water.” The consider- 
ation that the many-branched nature of the morphine radicals 
should increase the elimination of methyl alcohol applies equally to 
all these bases. 
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Experimental. 

All the analyses recorded in this paper are microanalyses made 
by Dr. Ing. A. Schoeller of Berlin. 

6-Methoxy-12-vinylietrahydromorphenol Methyl Ether (III). — A hot 
solution of dihydrothebainemethine methiodide (14 g.) in methyl 
alcohol (350 c.c.) was poured on silver oxide (precipitated from 
7 g. of silver nitrate and washed free from alkali with water and 
then three times with methyl alcohol), cooled at once, shaken 
mechanically for 30 minutes, and filtered. The solvent was removed 
by distillation, and a solution of the residual oily quaternary 
hydroxide in tsoamyl alcohol (140 c.c.) refluxed for 5i hours. After 
removal of the amyl alcohol in steam, an insoluble oil was obtained 
which readily solidified. It was collected and dissolved in hot 
glacial acetic acid, the solution poured into ether, and the whole 
shaken with water. On basification of the acid layer pure dihydro- 
thebainemethine (4*8 g. ; 50% of the theoretical quantity) was 
precipitated. From the ethereal layer, dried over calcium chloride 
and evaporated, the vinyl compound (III) was obtained as a solid 
residue (2*5 g. ; yield, 30%) : on crystallisation from alcohol or 
slightly diluted acetic acid it formed colourless plates, m. p. 120 — 
121° (Found: 0, 76*2; H, 6*5; MeO, 21*9. Calc, for C 18 H 18 0 3 : 
C, 76*55 ; H, 6*4; 2MeO, 22*0%). The same substance was on 
one occasion obtained, mixed with small red prisms, by cheating 
the quaternary hydroxide for 2 hours on the steam-bath and working 
up the product as above, but several attempts to repeat the 
experiment failed. 

$-Keto-l3-vinylhexahydromorplienol Methyl Ether (IV). — Concen- 
trated hydrochloric acid (1*5 c.c.) and a solution of the dimethoxy- 
compound (III) (1-4 g.) in alcohol (14 c.c.) were heated together 
for 30 minutes on the water-bath and hot water was then added 
until a turbidity was produced. The ketone (IV) (1*36 g.), which 
was deposited on cooling, crystallised from alcohol in colourless 
elongated prisms, m. p. 149°. 

S-Keio-lS-ethyloctahydrcmiorphenol Methyl Ether (V). — A solution 
of the substance (IV) (1*2 g.) in alcohol (120 c.c.), containing 1 g. 
of charcoal on which the palladium from 0*2 g. of palladous chloride 
had been precipitated, was stirred in the presence of hydrogen. 
Absorption ceased after 275 c.c. of hydrogen (all volumes are 
corrected to N.T.P.) had been absorbed in 3 minutes. In a blank 
experiment the same amount of catalyst in alcohol (120 c.c.) adsorbed 
81 c.c. The effective absorption was therefore 194 c.c. (2 mols. = 
191 c.c*). After the reduction the solution was filtered and con- 
centrated to small bulk; on cooling, svhstance (V) (1-1 g.) was 
deposited in clusters of rods, m. p. 113° (Found : C, 74*9; H, 7*3. 
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C 17 H 20 O 3 requires C, 74*9 ; H, 7*4%). The semicarbazone , crystal- 
lised from a little alcohol, melted at 191° after previous sintering 
(Found : 1ST, 12*75. C 18 H 23 0 3 N 3 requires N, 12*8%). 

6-Keto- IZ-ethylodahydromorphol Z- Methyl Ether (VI) . — Freshly 
amalgamated aluminium (8 g.) was added to a solution of the 
substance (V) (0*5 g.) in wet ether (50 c.c.) and drops of water 
were added occasionally with shaking during 16 hours. After 
filtration and evaporation of the solvent the substance (VI) was 
obtained as an oil which soon solidified ; after two crystallisations 
from alcohol it formed long prisms, m. p. 148 — 150° (Wieland and 
Kotake, loc. tit., give 148 — 150°). The low yield (0*25 g. after one 
crystallisation) was doubtless due to partial reduction of the keto- 
group, for in a later experiment with a larger proportion of amalgam 
the oily product would not solidify. In attempts to eliminate the 
oxygen from ring III the crystalline material and the oily product 
were subjected to reduction by Clemmensen’s method, but an 
uncrystallisable oil was obtained in both cases. These last oils did 
not yield well-defined products when refluxed in benzene solution 
with methyl sulphate or methyl iodide in the presence of potassium 
carbonate. An attempt to methylate the crystalline substance (VI) 
by methyl sulphate and sodium hydroxide solution also failed. 

The author is indebted to the Department of Scientific and 
Industrial Research for a grant, by the aid of which the early part 
of this work was carried out. 

The Univebsity, Manchesteb. 

The Egyptian Univebsity, Caibo. [Received, February 12th, 1930 .] 


XCIII . — Influence of Poles and Polar Linkings on 
the Course pursued by Elimination Reactions . 
Part VII • A Generalised Form of the Olefinic 
Degradation of Sulphones ♦ 

By Geoffrey William Fenton and Christopher Kelk Ingold. 

It was shown in Parts III and IV (J., 1928, 3127 ; 1929, 2338) that 
sulphones in the presence of concentrated potassium hydroxide 
solution undergo a degradation the mechanism of which is almost 
certainly identical in type with that which was applied in Parts 
I and II (J., 1927, 997 ; 1928, 3125) to the decomposition of 
quaternary ammonium hydroxides. The normal products of the 
degradation of sulphones are an olefin and a sulphinic acid, and the 
facility with which the reaction proceeds depends on the extent to 
bb2 
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which the C Y - C w part of the alkyl group ultimately eliminated as 
an olefin activates or de- activates the p- -hydrogen atom attacked 
by hydroxide ion : 


H OH© 

R — >- Clf— C H 2 "— S 0 2 Aik 

£ a 



0 

R*CH:CH 2 + S0 2 Alk + h 2 o. 


The straight arrow in the formula represents a de-activating 
effect, because electron-repulsion towards C# must diminish the 
tendency of the j3 -hydrogen atom to separate in the kationie form ; 
and in this connexion it was observed that, under the conditions 
used, the reaction became sluggish or failed altogether when R was 
a higher alkyl group than methyl. It also failed if there were two 
de-activating groups attached to Cp, even when these were only 
methyl groups. Although substitution at C a is not expected ad- 
versely to affect the degradation to any marked extent (the investig- 
ation of di^opropylsulphone supports this assumption), the reaction 
in the form in which we have described it is evidently far from 
being as general as the corresponding decomposition of quaternary 
ammonium hydroxides, and this is in agreement with the smaller 

0 

electron-affinity of -S0 2 R than of -NR 3 (see Parts III and IV). 

Obviously, however, the sulphone degradation might be made 
general by the use of a more basic anion ( i.e one with greater 
proton affinity) than hydroxide ; and for this purpose the methoxide 
and ethoxide ions suggested themselves (Ingold and Shoppee, J., 
1929, 447 ; Kon and Linstead, ibid., p. 1269). 

We find that the degradation can readily be generalised by the 
replacement of aqueous potassium hydroxide by alcoholic sodium 
ethoxide : all the sulphones which resisted the former reagent have 
been found to undergo the degradation in the presence of the latter. 


No. 

Sulphone. 

Olefin. 

KOH. 

NaOEt. 

1 

Phenyl- 6-phenylethyl* Styrene 

* 

* 

2 

f Diethyl 

Ethylene 

* 

* 

3 

J Ethyl-w-propyl 

» 

* 

— ■ 

4 

I Etliylisoamyl 


* 

— 

5 

VEthyl-w-oetyl 


* 

— 

6 

Diisopropyl 

Propylene 

* 

— 

7 

8 

Di-n-propyl 

Di-n--butyl 

A a -ft-Butylene 

* 

Little action 

* 

9 

Di-n-octyl 

A a -w.-Octene 

No action 

* 

IQ 

Diisoamyl 

A a -isoAmylene 


* 

11 

Diisobutyl 

. isoButylene 

it 

* 


* With potassium hydroxide the products were styrene, benzene, and 
sulphur dioxide, but when sodium ethoxide was used the benzenesulphinic 
acid formed was isolated as such. In all the other cases the sulphinic acid 
was obtained with either reagent. „ 

The above is a tabular su mm ary of the observations recorded 
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in Parts III and IV and in this paper. The examples studied are 
arranged in order of the theoretically anticipated inhibition to the 
elimination of the olefin formed. A star indicates that degradation 
by the reagent indicated has been observed, and a line that the 
corresponding experiment was not tried. 

Experimental. 

Preliminary Experiments . — Di-n-octylsulphone (Part III) was 
used because the liquid olefin 9i-octene could scarcely be confused 
with any unsaturated substance which might arise from the sodium 
ethoxide. The sulphone (4 parts), freshly prepared sodium ethoxide 
(10 parts), and alcohol (T5 parts) were heated in a metal bath and 
the products were passed through water and bromine and into a 
eudiometer. Reaction occurred at just below 200° (bath tem- 
perature) and an oily product, but no gas, was evolved. The 
liquid product was identified by its b. p. 122 — 123°, and by conversion 
into its dibromide, as A a -?i-octene. In a similar experiment the 
bath temperature was carried to 300° after the subsidence of the 
original reaction; and at this temperature both saturated and 
unsaturated gases were evolved. The unsaturated gas was repre- 
sented by a small amount of oil which was obtained after destruction 
of the excess of bromine in the bromine trap. The gas collected in 
the eudiometer contained oxygen, nitrogen (which was used for 
sweeping), and hydrogen, but no hydrocarbons. The n - octene 
obtained in this experiment (yield, 50% ; b. p. 120 — 125°) gave, on 
ozonolysis, formaldehyde as volatile product and an oil having the 
odour of heptaldehyde. We conclude that the gaseous products 
evolved at 300° come from the sodium ethoxide and that the 
A a -?i-octene, formed at 200°, has not undergone displacement of 
the double linking. 

General Method . — The aliphatic sulphones were heated with sodium 
ethoxide as above, but only until the initial reaction ceased ; in no 
case was the bath temperature raised above 235°. The volatile 
products were passed directly into bromine, the excess of which was 
afterwards destroyed with water and sulphur dioxide ; the bromides 
were drawn off, dried and weighed, distilled, and in some cases 
analysed. The sulphinic acids were isolated in the form of their 
silver salts, as described in Part III. The treatment of phenyl- 
(3 -phenylethy Isulphone was different. In order to avoid the risk of 
the nuclear bromination of styrene by an excess of bromine, the 
hydrocarbon was collected as such in a trap containing water at 0°, 
and then extracted with chloroform ; the dried chloroform solution 
was treated with dry bromine in chloroform until coloured/ and the 
styrene dibromide, obtained on evaporation, was identified and 
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weighed. The benzenesulphinic acid was isolated, as such, from 
the residue by acidification of its aqueous solution and extraction 
with ether. 

Besults . — These are recorded in tabular form. The silver salts, 
the analytical data for which are italicised, are new. ocp -Dibromo- 
Ti-octane also is new, since, although it was prepared and analysed 
by Ingold and Vass in connexion with their work on quaternary 
ammonium hydroxides, the description and data were inadvertently 
omitted from the paper. 


Olefin dibromide. Silver sulphinate. 

— ^ ^ ■ X 

Found. Calc. Found. Calc. 



Yield 


c 

H 

C 

H 

Yield 

C 

H 

C 

H 

CO 

o/ 

/o- 

B.p. 

%• 

0/ 

/o* 

%* 

%• 

%* 

%• 

%• 

%* 

%■ 

1 

91 

* 

— 

— 

— 

— 

72f 

— 

■ — 

— 

— 

2 

77 

130—132° 

12-9 

2*2 

12*8 

2*1 

62 

— 

— 

— 

— 

7 

76 

139—141 

18*2 

3*1 

17-8 

3-0 

60 

16*4 

3*4 

16*7 

3*3 

8 

77 

160—164 

22*0 

3*5 

22*2 

3*7 

62 

20-9 

3-9 

20-9 

3-9 

11 

61 

148—152 

21*8 

3*5 

22*2 

3*7 

54 

20-7 

4-0 

20-9 

3-9 

10 

73 

178—182 

— 

— 

— 

— 

65 

24*5 

4*7 

24*7 

4*5 

9 

70 

240 — 242} 35-3 

5*5 

35-3 

5-9 

62 

33-4 

6-2 

33-7 

6-0 


* M. p. and mixed m. p., 73 — 74°. 

f Yield of free benzenesulphinic acid, m. p. and mixed m. p., 82 — 84°. 
t Very pale yellow oil when freshly distilled ; darkens on keeping. 

§ The numbers denote the sulphones named in the first table. 


The University, Leeds. [Received, February 19 th, 1930.] 


XCIV . — Influence of Poles and Polar Linkings on 
the Course pursued by Elimination Reactions, 
Part VIII . The Methylenic and Paraffinic 

Degradations of Sulphones . 

By Christopher Kelk Ingold and Joe Arthur Jessop. 

The following scheme summarises the three known ways in which 
a radical may be eliminated as a hydrocarbon in the thermal de- 
gradation of an “ onium ” hydroxide. The table also indicates 
the conclusions which have been reached with regard to the 
characteristics of the ejected radical which favour each mode of 
elimination and the changes necessitated in the electron-groups 
(Hanhart and Ingold, J., 1927, 997 ; Ingold and Vass, J., 1928, 
3125; Fenton and Ingold, J., 1929, 2342; Ingold and Jessop, 
ibid,, p. 2357). 



POLES AND POLAR LINKINGS, ETC. PART VIII. 709 

Eliminated radical. 

Struc- Facilit- Valency octets of 

tural ation by ^ — — - — A N 

Elimination Elimin- require- electron- “ onium ” hydrocarbon 

reaction. ated as ment. sink at element. radical. 

( 1 ) Olefinic R minus H# C/g Preserved Preserved 

(2} Methylenic R minus H a * H a C a Preserved To sextet 

(3) Paraffinic R plus H a . — C a To decet Preserved 

* The bivalent carbon compound may polymerise or isomerise. 

Reaction (1), which preserves all octets, is common to ammonium 
and phosphonium hydroxides. In the former series, when the 
constitutional conditions inhibit (1) and strongly favour (2) and (3), 
the observed reaction is (2), and not (3) ; this is connected with the 
presumed inability of nitrogen to enlarge its octet (Sidgwick). 
In the latter series, when (1) is suppressed, the observed reaction is 
not (2), but (3) ; it is inferred that the phosphorus octet has a con- 
siderable tendency towards enlargement. Fenton and Ingold 
have shown (J., 1928, 3127; 1929, 2338; preceding paper) that 
sulphones in the presence of alkali undergo reaction (1) ; it remained 
to discover which type of decomposition, (2) or (3), would super- 
vene when (1) was inhibited. The answer, contained in this paper, 
is that both occur ; and that sulphone sulphur apparently shares, 
on the one hand, the tendency of phosphonium phosphorus to en- 
large its electron group, and, on the other, the ability of ammonium 
nitrogen to deplete the electron group of a neighbouring carbon 
atom : 


rjst 

+ OH' — 

■>(1) 

(2) 

— 

r 4 f 

+ OH' — 

Mi) 

— 

(3) 

R 2 so 2 

+ OH' — 

Ml) 

(2) 

(3) 


The following table summarises the observations. In two of the 
sulphones examined, no a-hydrogen atom was present and methylenic 
degradation was therefore impossible; these underwent paraffinic 
decomposition. In the remaining five examples an a-hydrogen 
atom was present, and both reactions were shown to proceed side 
by side, with the exceptions that in one case the evidence for paraf- 
finic degradation, and in another the evidence that the same de- 
composition occurs in a second direction, is incomplete (indicated 
by parentheses in the table). It should also be mentioned that 
whereas the extrusion of methylene and benzylidene was diagnosed 
by the recovery of ethylene and stilbene respectively, the bis-oo'-di- 
phenylylene-ethylene into which fluorenylidene would be expected to 
pass was not isolated as such, but as diphenyl-o-carboxylic acid, 
into which the unsaturated hydrocarbon is known to pass in the 
presence of alkali under the conditions employed. 
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Sulphone RR'S0 2 . 

. x „ ** 


H. 

absent 


H a 

present 


Group R. 
/Phenyl 
Ip-Tolyl 
f p-Tolyl 
Benzyl 
-[ Phenyl 
Methyl 
\ Methyl 


Group R'. 

Phenyl 

0-Phenyl- 9-fluorenyl 

9 -Fluorenyl 

Benzyl 

Benzyl 

Benzyl 

_p-Toiyl 


Group eliminated as hydro- 
carbon. 

Reaction (2). Reaction (3). 


Phenyl 

Phenylfluorenyl 
Fluorenyl Fluorenyl 

Benzyl ( Benzyl ) 

Benzyl Benzyl 

Benzyl Benzyl 

Methyl Methyl (p-tolyl) 


In the above series methylenic elimination (reaction 2) has been 
observed with three groups, namely, fluorenyl, benzyl and methyl. 
In the ammonium hydroxide series, apparently only the first of these 
is capable of this form of extrusion : stilbene and ethylene have 
never been proved to arise in the decompositions of ammonium 
hydroxides containing only benzyl or methyl groups. Further- 
more, the direction of the methylenic decomposition of benzylmethyl- 
sulphone shows that the reaction is more prone to occur with the 
benzyl than with the methyl group. Hence the complete order of 
facility of methylenic extrusion is 9-fluorenyl > benzyl > methyl ; 
which is the order of anionic stability, as the theory of the reaction 
demands (Fenton and Ingold, J., 1929, 2342; Ingold and Jessop, 
loc. cit). This statement will be understood to relate only to one 
of the several factors which it would be necessary to envisage in a 
general discussion of bivalent carbon stability. 

As regards the paraffinic degradation of sulphones (reaction 3), 
it need be stated only that the order in which the radicals examined 
tend to this form of elimination is consistent with that found in 
connexion with the thermal decomposition of phosphonium hydr- 
oxides. Actually the relation, fluorenyl > simple aryl, is additional ; 
but it constitutes a further confirmation of the view that tendency 
to ejection increases with the anionic stability of the group. 

Experimental. 

Preparation of Sulphones. — 9-Bromofluorene (10 g.) was heated 
for 15 minutes on the steam-bath with a solution prepared from 
sodium ^-toluenesulphinate dihydrate (12 g.) and alcohol (20 c.c.). 
Sodium bromide separated, and the mixture was evaporated to 
dryness, and the residue heated for 1 hour at 100° in a stream of 
dry air to dehydrate the excess of sodium salt. The dried product 
was extracted repeatedly with boiling benzene until the extracts 
failed to crystallise on cooling. § -Fluor enyl-p-iolylsulphone 
separated in iridescent plates (12-5 g.), m. p. 226 — 227° (Found : 
O, 75*2 ; H, 5*2. C 20 H 16 O 2 S requires C, 75*0; H, 5*0%). 

9-Hydroxy-9-phenylfluorene was prepared as described by TJ11- 
mann and Wurstemberger {Per., 1904, 37, 73), and purified by 
crystallising it twice from carbon tetrachloride (compare Kliegl, 
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Ber., 1905, 38, 288), crushing the solvated crystals, and air-drying 
the powder over-night at 40°. The product had m. p. 85 — 87° 
and, notwithstanding the observed efflorescence, appeared still to 
contain solvent of crystallisation. A warm solution of the product 
(18 g.) in glacial acetic acid (18 c.c.) was treated with a warm 
solution (18 c.c.) of hydrogen bromide in the same solvent (600 g./l.), 
and the non-homogeneous mixture was rapidly stirred until solid 
appeared and then heated at 80° for 0*5 hour. The product (20 g.) 
obtained by filtering the cooled solution and washing the precipitate 
with cold glacial acetic acid had m. p. 99 — 100°, and, after crystal- 
lisation from ligroin, m. p. 101—101*5° (compare Staudinger, Ber 
1906, 39, 3060). A further quantity (1 g.) was recovered by adding 
a limited amount of water to the acetic acid solution. 

When this bromide was treated with an alcoholic solution of 
hydrated sodium p-tohienesulphinate, as in the preceding prepar- 
ation, the product was 9-ethoxy-9-phenylfluorene. Sodium 
p-toluenesulphinate (8 g.), dried at 100°, was therefore boiled for 
40 hours with a solution of the bromide (12 g.) in dry benzene 
(50 c.c.). The suspension was filtered while hot, and the residue 
extracted with hot benzene until it became completely soluble in 
water. 

The 9-phenyl-9-fluorenyl-p-tolylsulphone, which was crystallised 
twice (8*0 g.), separated from benzene in needles or stout prisms, 
m. p. 211 — 212° (Found : C, 78*7 ; H, 5*3. C 26 H 20 O 2 S requires 
C, 78*8; H, 5*1%). 

Decomposition with Potassium Hydroxide. — The reactions were 
carried out by the general method illustrated in the earlier papers 
by Fenton and Ingold. 

The degradation of diphenylsulphone has already been described 
by Otto (Ber., 1886, 19, 2425), who observed the formation of phenol 
as a main product but did not record the production of benzene. 
Under corresponding conditions we find that both benzene (identified 
as the m-dinitro-derivative) and phenol (benzoyl derivative) are 
formed in quantity, and that, at temperatures below that at which 
benzenesulphinic acid would bo largely decomposed, this acid is 
absent but benzene is formed and benzenesulphonic acid and phenol 
are also present. The initial fission products are therefore benzene 
and benzenesulphonic acid, not phenol and benzenesulphinic acid. 

The volatile products from the decomposition of 9-phenyl-9- 
fluorenyl-p-tolylsulphone (6 g.) consisted of toluene (0*3 g. ; 2:4- 
dinitro-derivative) and 9-phenylfiuorene (0*1 g. ; sublimed under 
reduced pressure as needles, m. p. and mixed m. p.. 146—147°). 
The aqueous extract of the non-volatile portion yielded a small 
amount of cresol (qualitative tests), which was extracted with 
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ether after the solution had been treated with carbon dioxide, and 
p-toluenesulphinic acid (1*5 g., m. p. and mixed m. p. 88 — 89°), 
which was similarly extracted after acidification. The non-volatile 
product which was insoluble in water consisted of a brown resin : 
this was converted into a pale yellow powder by boding with dilute 
aqueous ammonia and extracted several times with boiling alcohol, 
which removed most of the colouring matter. The dried substance 
(free from nitrogen and sulphur) separated in a solid form resembling 
lycopodium when its solution in hot chloroform-acetic acid was 
cooled, but the material, which decomposed above 300° and did 
not reduce cold permanganate in moist benzene-acetone, did not 
appear to be crystalline : the microscope revealed small clusters of 
nearly spherical particles. Considering the difficulties of purific- 
ation, the analysis [Found : C, 94-0 ; H, 5*4; M , by East’s method, 
932. (C 19 H 12 ) 4 requires C, 95*0; H, 5*0%; M , 960] appears to 
show that the substance is a hydrocarbon. Its formation seems 
analogous to that of the product (C 19 H 14 ) 2 obtained by Nef by the 
action of triethylamine on triphenylmethyl bromide (Annalen, 
1899, 309, 168). The 9-phenylfluorene required for comparison 
was prepared from 9-bromo-9-phenylfluorene (2 g.) and thin 
amalgamated aluminium foil (2 g.) in moist ether (50 c.c.). After 
being kept for 2 hours at the ordinary temperature, the solution 
was filtered, dried, and evaporated, and the residue crystallised 
from alcohol, from which the hydrocarbon separated in feathery 
needles, m. p. 146 — 149°. Its solution in ether is strongly 
fluorescent. 

The volatile decomposition products from 9-fluorenyl-p-tolyl- 
-sulphone on fractionation yielded toluene (25%, identified as 2 : 4- 
dinitro-derivative) and fluorene (43%), and a further 2% of fluorene 
was obtained by sublimation at 100° from the brown resin (6% of 
the weight of the sulphone) constituting the benzene-soluble portion 
of the non-volatile residue. The aqueous extract of the residue 
yielded cresol (10%, identified as benzoate), which was extracted 
with ether after the solution had been treated with carbon dioxide. 
Acidification of the residual aqueous solution yielded a white 
precipitate, m. p. 110 — 112°, consisting of diphenyl-2-carboxylic 
acid (yield, 15%) : it crystallised from ether-ligroin in stout prisms 
and its solution in concentrated sulphuric acid yielded pure fluoren- 
one (m. p. and mixed m. p.) on dilution with water. This establishes 
the identity of the acid, which was confirmed by comparison with a 
specimen obtained from fluorenone, and also with one prepared by 
the action of hot concentrated potassium hydroxide solution on 
bis-oo'-diphenylylene-ethylene. Extraction of the acid filtrate with 
ether yielded p-tohienesulphinic acid (20%), m. p. 89 — 89*5° (the 



POLES AND POLAR LINKINGS, ETC. PART IX. 


713 


recorded m. p. of this acid is 85°, but our numerous specimens all 
had m. p. 89°). 

Phenylbenzylsulphone yielded liquid and solid hydrocarbons, 
of which the latter was identified as stilbene (m. p. and mixed 
m. p. ; yield, 48%). The liquid hydrocarbons, b. p. 80 — 105°, 
were heated in a closed tube with 3% permanganate solution for 
4 hours ; benzene was then recovered by distillation and converted 
into its dinitro-derivative, and the presence of toluene in the original 
mixture was diagnosed by the isolation of benzoic acid by ether- 
extraction of the decolorised, filtered, and acidified aqueous solution. 
The alkaline residue from the decomposition yielded sulphur dioxide 
and phenol. 

Dibenzylsulphone yielded toluene, stilbene, and sulphur dioxide. 

Benzylmethylsulphone yielded the same products together with 
methanesulphinic acid and a very small amount of gas. The 
methanesulphinic acid was isolated as its silver salt by the method 
previously described f or propanesulphinic acid (J., 1929, 2340) except 
that aqueous alcohol was used for the precipitation and crystallisation 
(Found : C, 6-6; H, 1-7 5. CH 3 0 2 SAg requires C, 6*4; H, 1*6%). 

^-Tolylmethylsulphone yielded toluene (yield, ca. 25% ; identified 
as 2 : 4-dinitro-derivative), ^-cresol ( ca . 30%; identified as benzo- 
ate), ^-toluenesulphinic acid (18%; m. p. and mixed m. p.), 
and a gas which was swept over with nitrogen and shown to contain 
methane (13%), ethylene (27%), and a substantial quantity of 
hydrogen. 

We wish to thank the Royal Society for a grant in aid of this 
investigation. 

The University, Leeds. [Received, February IQth, 1930.] 


XCV . — Influence of Poles and Polar Linkings on 
the Course 'pursued by Elimination Reactions. 
Part IX. Isolation of a Substance believed to con- 
tain a Semipolar Double Linking with Partici- 
pating Carbon. " 

By Christopher Kelk Ingold and Joe Arthur Jessop. 

In Part VI it was noted (J., 1929, 2357) that, whilst fluorenyI-9* 
trimethylammonium and fluorenyl-9-triethylammonium bromides 
are colourless, the aqueous solutions of the corresponding hydroxides 
are coloured ; and the suggestion was made (p. 2359, footnote) that 
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in either ease the hydroxide (I) might be in equilibrium with an 
anhydride (II) which, since it contains unshared carbon electrons, 
would probably be coloured and highly reactive. The special 
structural feature of (II) is the semipolar double linking with carbon 
at its negative end, and since no compound containing a semipolar 
double bond between carbon and another element has hitherto been 
described, attempts were made to isolate the coloured substance : 

IS 6 S 4 >CH-NrToH' 9e?4>6— NR 3 + H 2 0 (R = Me or Et) 

tO G H 4 J ^6-^4 

(I.) (II.) 

At the outset it was obvious that (II) could not be present in 
high concentration, for if it were it should be precipitated ; it was 
not precipitated and the coloured solution was strongly alkaline. 
Probably the low concentration and the instability of the compound 
(see Part VI) conspired to defeat the attempts at isolation. We 
reflected, however, that (II) is analogous to the trialphylamine 

oxides, Q— NR 3 , which have low thermal stability and a strong 
tendency to combine with water to form trialphylhydroxylammonium 
hydroxides, {OH-NR g |* OH', analogous to (I) ; and, further, that 
© © 

dialphylsulphoxides, O — SR 2 , have much higher thermal stability 
and exhibit very little tendency to effect an analogous union with 
water. It followed that a study of the corresponding fluorenyl- 
sulphonium compounds (III and IV) might reveal an equilibrium 
much more favourable to the form which it was desired to isolate, 
and that the anhydride (IV), despite its negative carbon, might 
possess sufficient thermal stability to permit of isolation : 

(HI.) /9ej4>CH-SR 2 j'oH' = 5 = 2 = (IV.) 9*E*>C— i SR 2 + H a O 

The initial difficulty here was to prepare a fluorenyl-9-dialkyl- 
sulphonium salt. 9-BromofLuorene and dimethyl sulphide showed 
little tendency to combine either in ether or in benzene or without a 
solvent; furthermore, attempts to prepare 9 -fluorenyl mercaptan 
by the action of alkali sulphides on 9 -bromofluorene led to the 
formation of 9 : 9-difluorenyl. At this juncture Richardson and 
Soper’s paper appeared (J., 1929, 1873) in which their cohesion 
principle was enunciated ; perusal of this memoir made it immedi- 
ately obvious (a) that the combination of 9 -bromofluorene with 
dimethyl sulphide should be strongly catalytically accelerated by a 
solvent of high cohesion, and (b) that the tendency to thermal 
decomposition of the required sulphonium bromide, which sets a 
limit to the temperatures that can be used in its synthesis, would 
be reduced by such a solvent. Actually, effect (a) was so powerful 
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that there was no need to make use of the presumed increased 
stability of the product at high temperatures : we mixed the reagents 
in nitromethane at the ordinary temperature and observed a rapid 
and almost quantitative formation of the sulphonium bromide. 
Several other successful applications of the cohesion principle have 
since been made in these laboratories, and there can be no doubt 
about its practical utility in the replacement of empirical by rational 
technique in synthetic operations. 

When a solution of fluorenyl-Q-dimethylsulphonium bromide, was 
treated with excess of silver oxide, the filtrate was practically 
neutral. When sodium hydroxide or aqueous ammonia was used 
instead of silver oxide, dimeihylsulphonium 9-fluorenylidide (IV ; 
R = Me) was obtained as a yellow crystalline precipitate. It was 
sufficiently stable to admit of analysis and the determination of its 
molecular weight in benzene, but after some hours decomposition 
set in with evolution of dimethyl sulphide. Details relating to the 
thermal decomposition of the substance are given in the experimental 
portion, and it will suffice to note here that, although the compound 
resembles sulphoxides in refusing to form a sulphonium hydroxide 
by addition of water, it is definitely more basic than are sulphoxides, 
since it at once reacts with dilute hydrochloric acid, forming the 
corresponding fluorenyl-9-dimethylsulphonium salt. This is essen- 
tially a reversal of the reaction whereby dimethylsulphonium 
9-fluorenylidide is formed, and thus it may be said that the con- 
stitutional- environment of the 9-carbon atom confers on it proper- 
ties analogous to those of a nitrogen atom : 

H 

(Base) 9e5;4\.c— SMe 2 + H === r5 6 5 4 >6— SMeJ® CM® 

L.h'eRi J 

(compare : NR 3 -f H =s=£= [H-NR 3 ]®) 

The probable mechanism underlying this conferment of nitrogen- 
like properties on carbon is sufficiently indicated in Part VI. 

E X 3? E K I M E N T A L. 

Fluorenyl-§-dimetKylsulphonhim Salts . — The bromide , irregular 
hexagonal plates, m. p. 133° (Found : Br, 26*4. C 35 H 15 BrS requires 
Br, 26*1%), was prepared, as described in the introduction, in cold 
nitromethane solution, from which it crystallised. The piorate , 
precipitated by addition of aqueous sodium picrate to a solution of 
the bromide in water, separated from hot water in needles, m. p. 
149 — 150° (Found : 0, 55*6 ; H, 4*0. C 21 H 17 0 7 N 3 S requires C, 
55*4; H, 3*7%). 

9 : 9-Difluorenyl . — Prior to the above experiments attempts were 
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made to prepare the same salts by way of fluorenyl mercaptan or 
sulphide. 9-Bromofluorene and alcoholic sodium hydrogen sulphide 
were kept together over-night in the cold and the solution was then 
distilled to half its bulk, poured into water, and made alkaline. 
9-Bromofluorene and alcoholic disodium sulphide were similarly 
kept in the cold and then heated for 2 hours in the steam-bath and 
poured into water. In each case a crystalline precipitate was 
obtained which was recrystallised from benzene and identified as 
9 : 9-difiuorenyl by its m. p. (242 — 244°) and by analysis (Bound : 
C, 94-8; H, 5-6. Calc.: 0,94*5; H, 5*5%). 

Action of Bases on Fluorenyl-9 -dimethylsulphonium Bromide : 
Dimethylsulphonium 9-Fluorenylidide. — (a) Water. The sulphon- 
ium bromide was heated on a water-bath with water for 2 hours. 
Dimethyl sulphide was evolved (odour) and 9-fluorenyl alcohol 
precipitated (m. p. and mixed m. p.). In order to substantiate the 
obvious explanation of this decomposition, 9-bromofluorene was 
similarly heated with water ; 9-fluorenyl alcohol was then formed 
in quantity . 

(b) Silver oxide. On addition of excess of freshly precipitated 
carbonate-free silver oxide to a cold aqueous solution of the sulphon- 
ium bromide, the solution remained practically neutral. Heating 
the suspension on a water-bath caused the evolution of dimethyl 
sulphide (odour) and the formation of 9-fluorenyl alcohol (m. p. and 
mixed m. p.), a large quantity of which separated when the filtrate 
from the hot suspension was cooled. Extraction of the dried silver 
oxide residue with benzene yielded a red gum similar in appearance 
and properties to the non-volatile thermal-decomposition product of 
dimethylsulphonium 9-fiuorenylidide (below). 

(c) Soluble alkalis. Sodium acetate and sodium carbonate gave 
no precipitate with an aqueous solution of the sulphonium bromide ; 
but aqueous ammonia, barium hydroxide, and sodium hydroxide 
yielded dimethylsulphonium 9-fiuorenylidide as yellow leaflets, 
m. p. ca. 70 — 75° (decomp.), on rapid heating, which were washed 
with water, alcohol, and ether ' and dried for several hours in a 
vacuum. It was insoluble in water and ether, slightly soluble in 
alcohol, and readily soluble in ethyl acetate and benzene (Found : 
0, 80*3; H, 6*2; M , cryoscopic in benzene, 215, 226. C 15 H 14 S 
requires C, 79*6 ; H, 6*2%; M y 226). The compound began to 
darken and develop the odour of dimethyl sulphide after exposure 
to the atmosphere for a few hours (sooner if placed in a closed tube), 
blit could be kept in a vacuum for about 24 hours with little if any 
signs of decomposition. In solution, however, decomposition was 
more rapid and the above molecular- weight determination requires 
explanation. Preliminary experiments showed that in benzene at 
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its freezing point the decomposition began to be perceptible soon 
after solution, and that for several hours thereafter there was a 
steady diminution in the apparent molecular weight. The deter- 
minations were therefore plotted against time and extrapolated to 
zero time. A sample, dried in a vacuum for 2 hours, gave values 
ranging from 196 to 153 and the extrapolated value at the moment 
of solution was 215. Another preparation, which had been simi- 
larly dried for 16 hours, gave values falling from 209 to 183 and the 
extrapolated result was 226. 

Reactions of Dimethylsulphonium 9-Fluorenylidide . — The freshly 
prepared compound is immediately soluble in cold dilute hydro- 
chloric acid. The solution contains fluorenyl-9-dimethylsulphonium 
chloride, as is proved by the observations that it yields dimethyl- 
sulphonium 9-fluorenylidide on treatment with ammonia, and 
fluorenyl-9-dimethylsulphordum picrate with aqueous sodium 
picrate. 

The nature of the non-volatile product formed in the spontaneous 
decomposition which takes place at atmospheric pressure and 
temperature could not be elucidated. The evolution of dimethyl 
sulphide, which became perceptible after a few hours, was apparently 
complete after 4 days, and the residue was a brown amorphous sub- 
stance which still contained sulphur but could not be crystallised. 
It was wholly insoluble in hot concentrated hydrochloric acid. By 
use of benzene and glacial acetic acid and other solvents, various 
orange and red amorphous products were obtained from it, but none 
could be crystallised. 

Similar results were obtained more quickly by heating, and in 
this case the dimethyl sulphide was identified by passing the evolved 
gases through mercuric chloride solution and identifying the pre- 
cipitated additive compound, 3HgCl 2 ,2Me 2 S, by mixed m. p. and 
direct comparison. When the same decomposition was carried out 
in a diffusion-pump vacuum connected to the top of a mercury 
barometer, dimethyl sulphide condensed on the mercury, the depres- 
sion of which, allowing for the vapour pressure of the sulphide, 
showed that no gas of the type of methane or ethylene was evolved ; 
the, sulphide was afterwards collected and converted into trimethyl- 
sulphonium iodide for confirmatory identification. The resinous 
residue (Found : C, 88*7 ; H, 54%) contained sulphur and could 
not be crystallised ; on being strongly heated, it gave a crystalline 
distillate which proved to be fluorene (m. p. and mixed m. p.). * 

The solubility of dimethylsulphonium 9-fluorenylidide in acids 
suggested that it should add on methyl iodide. The reaction was 
tried under various conditions, but the addition, if any, was masked 
by the separation of dimethyl sulphide and its conversion into 
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trimethylsulphomum iodide, decomp. 207 — 210° (Found : I, 62-5. 
Calc., 62*2%); the remaining product was amorphous. 

The investigation has been aided by a grant from the Royal 
Society, whom we wish to thank. 

The University, Leeds. [J Received, February 19 th 9 1930 .] 


XCVI . — The Occurrence of Iron Pentacarbonyl in Goal 
Gas stored under Pressure for 30 Years . 

By John Albert Newton Friend and Reece Henry 
Varian ce. 

In the course of a lecture at King Edward’s High School, Birming- 
ham, in 1899, at which one of the authors was present, Dr. T. J. 
Baker used a cylinder of compressed coal gas. Upon ignition, the 
flame was normal for coal gas of that period and could not be 
differentiated from that supplied from the mains. The cylinder 
was then placed aside and apparently overlooked until the spring 
of 1929, and the gas was then found to give a luminous and very 
smoky flame. As this clearly indicated that some material change 
had taken place in the gas during its prolonged storage, Dr. Baker 
very kindly handed the cylinder to us for further examination. 
The gas proved to be heavily charged with the vapour of iron 
pentacarbonyl, as proved by the following experiments, in which 
the term “ dried ” gas refers to the gas after filtration through a 
plug of cotton wool and passage through a drying tube containing 
calcium chloride. 

Experiment 1. The dried gas was ignited at the orifice of a 
small glass jet, whereby a luminous, smoky flame was obtained. 
When a cold glass plate was held well into the luminous portion, a 
black deposit resulted, which consisted partly of carbon ; but after 
treatment with dilute hydrochloric acid, the presence of iron was 
detected in the solution on addition of the usual reagents. If, 
however* the cold plate was held a short distance above the flame, 
a yellow to reddish-brown deposit of ferric oxide was obtained. 

The cotton wool was almost imperceptibly darkened on the 
surface facing the exit from the cylinder, and the solution resulting 
from its treatment with acid responded to the tests for ferric iron, 
but not for ferrous. The deposit was therefore probably ferric 
oxide from the cylinder. 

Experiment 2. The previous experiment was varied by inter- 
posing a wash bottle of concentrated sulphuric acid between the 
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drying tube and the jet. The flame was now less luminous and 
entirely free from smoke. It yielded no ferric oxide or other de- 
posit, save water, to a cold plate held above the luminous zone, 
and only faintly blackened the plate when the latter was held 
lower down, probably because the acid had not completely absorbed 
the unsaturated hydrocarbons. 

The sulphuric acid turned dark brown and, after dilution, was 
tested for inetals. Iron alone was found, and was present in 
appreciable quantity. 

Experiment 3. The dried gas was passed through a glass tube 
gently heated with a spirit lamp. A brilliant black mirror resulted, 
which almost completely dissolved in concentrated hydrochloric 
acid, a few black specks of carbon alone remaining. A white pre- 
cipitate of ferrous chloride was obtained, which completely dissolved 
on dilution. Iron was the only metal present in the solution. 
Upon repeating the experiment with gas that had been passed 
through concentrated sulphuric acid, no mirror was obtained. 

Experiment 4. The dried gas was passed through a narrow 
delivery tube into a wider tube suspended vertically in a glass 
boiling-tube and immersed in liquid air in a Dewar flask. The 
uncondensed gas was burned at a platinum jet. The flame was 
pale blue, and yielded no deposit other than water on a cold plate 
held either within or above the flame. Carbon dioxide was detected 
as a product of combustion, but, as this would result from the 
combustion of methane in any case, the gas was analysed to ascertain 
whether or not carbon monoxide was present. The analyses are 
given below, unsaturated hydrocarbons being determined by the 
bromine method, and carbon monoxide by ammoniacal cuprous 
chloride; the residual gas consisted of hydrogen, nitrogen, and 
methane. 


C0 2 , % 

Unsaturated hydrocarbons, % 


CO, % 

Residual gas, % 

Ratio CO : Residual gas 


Dried gas from 
cylinder. 
0*00 
5*75 
0*00 
7*25 
87*00 
0*0833 


Uncondensed gas 
from Expt. 4. 
0*00 
0*00 
0*00 
8*55 
91*45 
0*0935 


The higher proportion of carbon monoxide in the uncondensed 
gas was due to partial retention of methane in the boiling tube along 
with liquid ethylene (see below). The whole of the methane, 
however, was not condensed, since, on combustion, the residual 
gas yielded some carbon dioxide. 

A solid deposit, pale lemon in colour, collected in the vertical 
tube. It melted at approximately — 20°, yielding a viscous liquid 
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which became amber-coloured and increased in mobility as the 
temperature rose to that of the room. A drop introduced into 
concentrated sulphuric acid decomposed with evolution of gas, and 
the solution, diluted with water, showed an abundance of ferrous 
iron but only the merest trace of ferric iron. Upon exposure to 
air, the liquid slowly decomposed with the formation of brown 
hydrated ferric oxide. These properties correspond to those of 
iron pentacarbonyl (Mond and Langer, J., 1891, 59, 1090; Dewar 
and Jones, Proc. Boy. Soc 1905, A, 76, 558). Approximately 
1*25 g. of the carbonyl collected (Found : Fe, 26*5. Calc, for 
FeC 5 0 5 : Fe, 28-5%), and this was probably about half the amount 
contained in the cylinder at the time we received it. It was slightly 
contaminated with organic matter of tarry odour. 

A colourless liquid had collected in the boiling tube. On removal 
from the Dewar flask, it boiled vigorously, its temperature as 
registered by a pentane thermometer being about — 160°. The 
liquid thus contained appreciable quantities of methane. The 
remainder was probably ethylene more or less admixed with acetyl- 
ene, of which it smelled strongly. It was not further investigated. 

Discussion .— This research is of special interest, inasmuch as it 
is known that the cylinder gas was, in 1899, free from carbonyl 
except in such traces as would not be easily detected. Hence the 
compound must have been produced by the prolonged influence of 
compressed carbon monoxide on compact iron ( i.e ., steel) at the 
ordinary temperature. From the analysis of the uncondensed gas 
in Expt. 4, it is evident that free carbon monoxide was still present 
in considerable amount, and this possibly explains the absence of 
the lower carbonyls of iron. When freshly filled, the pressure of 
the gas would, in 1899, have approximated to 120 atm. As some 
of the gas had been used prior to storage, the pressure leading to 
the formation of carbonyl would probably lie between 50 and 80 atm. 

The Technical College, 

Birmingham. [Received, November 20th , 1029 .] 


XCVIL — The Reaction behveen Acid Chlorides and 
Nitrosylsulphuric Acid . 

By William James Deverall and Harry William 
Webb. 

Acid chlorides react with nitrosylsulphuric acid in one or both of 
the following ways : 

(1) OH-S0 2 *G-HO + E’COCl = 0H-S0 2 -0*C0K + NOC1, 

(2) 0H*S0 2 *0*M) + 2R‘COCl = R*00-0*80 2 -0-C0R + NOC1 + HC1, 
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and the end products undergo intramolecular rearrangement, 
especially on heating. The results obtained with acetyl and benzoyl 
chlorides have already been published (Elliott, Kleist, Wilkins, and 
Webb, J., 1926, 1219), but confirmation of the general nature of 
( 1 ) and ( 2 ) has been obtained by examination of the reactions with 
the three nitrobenzoyl chlorides and with phthalyl chloride, 0 - 
and 33 -Nitrobenzoyl chlorides react readily with nitrosylsulphuric 
acid, but more slowly than benzoyl chloride itself, yielding products, 
(N0 2 *C 6 H 4 *CO*0) 2 S0 2 , which are completely decomposed by water 
into sulphuric and nitrobenzoic acids. When these products are 
heated under an inert liquid, the sulphuric acid obtainable by 
hydrolysis decreases, the total sulphur content remaining approxim- 
ately constant; at 160° they are completely converted into a 
mixture of a sulphonic acid and a sulphone, with some evolution of 
sulphur dioxide. 

m-Nitrobenzoyl chloride does not react with nitrosylsulphuric 
acid, even at 65° in absence of a diluent. This may be due to the 
general inhibiting effect of the nitro -group on the activity of other 
substituents (Shoesmith, Hetherington, and Slater, J., 1924, 125 , 
1312), or to the setting up by this group of alternate chain polarity, 
but this assumption leads to the anomaly that chlorine of positive 
polarity is attacked while that of negative polarity is not. 

All the methods of determining the relative orienting effects of 
various substituents in the benzene nucleus (Rule, ibid., p. 1121 ) 
show that the groups containing semipolar double bonds have the 
least effect, and the results now obtained indicate that this is true 
also of the effect of such groups on the activity of other substituents 
in the nucleus. None of the three chloronitrobenzenes, for example, 
reacted with nitrosylsulphuric acid even at relatively high temper- 
atures. On the other hand, the three chlorophenols reacted 
rapidly with the formation of products, OH’CqH^O'SCVOH, which 
could not be purified satisfactorily. The relative velocity of the 
reaction shown by measurement of the rate of evolution of nitrosyl 
chloride was found to be m - : p - : 0 - = 6*5 : 4 : 3. 

Evidence already published ( loc . cit.) seemed to show that the 
reaction of nitrosylsulphuric acid with carbonyl chlorides was 
preceded, by the formation of an addition compound to the carbonyl 
group of the acid chloride. Since the oxygen in a semipolar double 
bond (such as >S — ^ 0 ) occupies only one position, addition to 
such a bond would not be expected to take place, and hence experi- 
mental evidence bearing on the necessity for the preliminary form- 
ation of an addition product in the reaction between nitrosyl 
chloride and acid chlorides was obtained by an examination of 
certain sulphonyl chlorides and related substances. Benzene- 
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and toluene-sulphonyl chlorides and sulphuryl and thionyl chlorides 
were all found to be unattacked by the reagent. The three nitro- 
benzenesulphonyl chlorides were also inert unless heated to 130°, 
whereupon the o- and ^-derivatives reacted with explosive violence, 
whilst the compound was inert. Since complete decomposition 
ensued, no conclusion can be drawn concerning possible addition. 
The fact that ehloropicrin, which behaves in many respects as a 
typical acid chloride, was unattacked, also supports the hypothesis 
of preliminary addition, and similar evidence was obtained from 
the inertness of chlorides of the type ftCl (ft — alkyl or aryl group 
not containing oxygen). 

Both forms of phthalyl chloride appear to yield the same end- 
products. This was to be expected in view of the rapidity with 
which the unsymmetrical high-melting form changes into the 
stable low-melting modification. The main reaction with both 

forms appears to take the course C 6 H 4 <^q^>0 + 20H*S(V0*N0 = 

C 6 H 4 <§}>0 + OH-S0 2 -0-S0 2 -0-N0 + NOC1 + Ha and from 

the symmetrical form we isolated a small quantity of a substance 
C 6 H 4 (C0) 2 Q,H 2 S 2 0 7 . The condensation products obtained in the 
course of this investigation have not yet been examined in detail. 
They were all very hygroscopic and unstable, and owing to their 
insolubility neither conductivities nor molecular weights could be 
determined. 

No satisfactory explanation can be offered of the fact that groups 
accepted as semipolar on the basis of the octet theory are relatively 
inert so far as their effect on the other substituents in the molecule 
is concerned, but the fact that the experimental results with co- 
ordination compounds indicate that the linkage in the case of 
oxygen is more stable than a non-polar double linkage in which 
oxygen is involved, probably has a bearing on the matter. 

Experimental. 

p -Nitrobenzoyl Chloride and N itrosylsulphuric Acid. — 8 G. of 
p-nitrobenzoyl chloride were dissolved in 50 c.c. of dry carbon 
tetrachloride and warmed at 60° with 2 g. of nitrosylsulphuric 
acid for 4 hours. The clear liquid was decanted, and the residue 
washed repeatedly with carbon tetrachloride until free from the 
chloride, whereby a theoretical yield of di -^-nitrobenzoylsulph uric 
acid was obtained (Found : S, 7-75, 8*3, 8*0; N, 6*7. C 14 H 8 O 10 N 2 S 
requires S, 8*1 ; N, 7*1%). The analytical methods were similar 
to those used for the corresponding benzoyl derivative (q-v.), the 
substance being completely decomposed on boiling with dilute 
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hydrochloric acid into sulphuric and jp-nitrobenzoic acids; when 
the evolved gases were passed through silver nitrate solution, 
97*6% of the theoretical amount of chlorine was obtained. 

When the substance was boiled for 3 hours in carbon tetrachloride, 
the amount of sulphuric acid obtainable on hydrolysis was equivalent 
to 5*60, 5*51% of sulphur, and the total sulphur content of the 
product was 743%. After 15 hours’ refluxing, the corresponding 
figures were 4-10 and 7*00%. After 12 hours’ heating at the boiling 
point of pentachloroethane (161°), no sulphuric acid was obtainable 
by prolonged hydrolysis of the product, which appeared to contain a 
sulphonic acid and a sulphone but was not examined in further 
detail. 

o~Nitrobenzoyl Chloride, and N itrosylsulphuric Acid . — Considerable 
difficulty was found in obtaining this isomeride free from o-nitro- 
benzoie acid and repeated treatment with phosphorus pentachloride 
was necessary. 6*2 G. of the acid chloride were dissolved in 12 c.c. 
of carbon tetrachloride and warmed at 60° for 1 hour with 2*1 g. of 
nitrosylsulphuric acid, the resulting di-o-nitrobenzoylsulphuric acid 
being treated as above (Found : S, 8*2, 8*3%). The velocity of 
reaction, as measured by the rate of evolution of nitrosyl chloride, 
was greater than in the case of the para-compound, and some tar 
was formed. 

Reaction with Phthalyl Chlorides . (With Lionel Frederick 
Barron.) — Nitrosyl chloride was vigorously evolved by reaction 
in the cold from both forms of this chloride. 30 G. of nitrosyl- 
sulphuric acid were treated with 79 g. of s-phthalyl chloride out Of 
contact with air. When the reaction had ceased, the product was 
heated at 50 — 55° for 30 minutes, and then extracted repeatedly 
with boiling carbon tetrachloride until no further phthalie anhydride 
could be extracted. The residual oil solidified on cooling to a 
light yellow substance (Found : S, 19*3, 19*8. C s H 4 0 3 ,H 2 S 2 0 7 
requires S, 19*6%), which was completely decomposed on hydrolysis 
into sulphuric and phthalie acids. The procedure adopted in the 
ease of os-phthalyl chloride was exactly similar, but no condensation 
product could be isolated; phthalie anhydride was recovered in 
high yield. 

Reaction with o- and p-Nitrobenzenesulphonyl Chlorides . (With 
Charles Kenneth Williams.) — The chlorides were prepared by a 
modification of Limpricht’s method (Annalen, 1875, 177, 60). 
200 G. of benzene were added slowly to 300 c.c. of fuming sulphuric 
acid with cooling below 80° ; after 2 hours the uncombined benzene 
was separated, and nitric acid (dl- 1*5) slowly added with constant 
shaking until no further action was apparent. The product was 
poured into water and filtered. The filtrate was saturated with 
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milk of lime, and the filtered solution evaporated and fractionally 
crystallised, {a) The first crop was boiled with potassium carbonate, 
and the evaporated filtrate yielded a potassium salt which was con- 
verted into the chloride by grinding with phosphorus pentachloride. 
The mass was washed well with water and extracted with ether ; 
when the extract was dried with calcium chloride, and the ether 
partly evaporated, the m-nitrobenzenesulphonyl chloride crystal- 
lised. (6) The middle crop of crystals of the calcium salts from the 
mother-liquor yielded the o-compound by similar treatment, and 
the final crop yielded a mixture of the o- and p- compounds, from 
which the former crystallised on standing, leaving the latter as 
an oil. 

All three isomerides were treated with nitrosylsulphuric acid 
under conditions precisely similar to those used for the corresponding 
nitrobenzoyl chlorides, but no evolution of nitrosyl chloride could 
be detected. When heated at higher temperatures (130°), the 
o- and ^-compounds reacted with explosive violence, with rapid 
evolution of nitrosyl chloride ; the m-compound was unattacked 
at 130°, and at temperatures sufficiently high to cause reaction 
it was so explosive that no product other than sulphur trioxide and 
m-mtrobenzenesulphonic acid could be isolated. 

A number of aliphatic and aromatic chlorides (e.g. } carbon tetra- 
chloride, pentachloroethane, chlorobenzene, and benzyl chloride) 
were also examined under conditions similar to those used for the 
nitrobenzoyl chlorides and also at the higher temperatures used 
for the sulphonyl chlorides. No evolution of nitrosyl chloride 
could be detected in any case. 

Reaction with CMorophenols . — 5 G. of the chlorophenol were 
warmed to 50° with 4-5 g. of nitrosylsulphuric acid in the presence 
of 50 c.c. of carbon tetrachloride. A vigorous reaction with rapid 
evolution of nitrosyl chloride ensued. The solid was separated 
and washed with carbon tetrachloride as previously described. 
The production of tar was far greater than in any other condensation 
examined, and owing to the instability of the product purification 
was unsatisfactory. 

Technical College, Aston, 

Birmingham. [Received, January 10 $, 1930 .] 
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XCVIII . — Studies in Polymorphism . Part /. A Pre- 

liminary Investigation of the Polymorphism of 
o-Nitroaniline. 

By John- Frederick James Dippy and Norman Holt 
Hartshorns. 

Whilst studying the influence of various factors on the degree of 
supercoo lin g of o-nitroaniline, one of us (J. F. J. D.) noticed that on 
certain occasions, notably when supercooling was large or the rate 
of cooling rapid, the solid was much lighter in colour than was 
normally the case. Suspecting polymorphism, we examined the 
behaviour of the substance during its crystallisation in a thin film 
between a microscope slide and a cover-slip, and found that it does, 
in fact, crystallise in two forms. Under ordinary conditions solidi- 
fication starts from a number of nuclei and proceeds from them 
radially in the form of closely packed needles. Viewed by trans- 
mitted light, some of the resulting spherulites are seen to be com- 
posed of dark orange crystals, and the remainder of yellowish-green 
crystals. These two forms have been examined crystallographically 
under the microscope by Mr. Alan Stuart, of the Geology Depart- 
ment of this College, who reports as follows : “ The dark orange 
crystals — length direction is the direction of fast vibration, pleo- 
chroic, straight extinction, biaxial, therefore orthorhombic. The 
yellowish-green crystals— length direction is the direction of fast 
vibration, slightly pleochroic, oblique extinction of about 24°, 
therefore monoclinic or triclinic.” 

Difficulty was at first experienced in obtaining crystals sufficiently 
large for this microscopic examination, especially in the case of the 
green form, which normally appears in extremely fine needles. This 
difficulty was eventually surmounted by remelting the centre portion 
only of a freshly crystallised melt on a slide by means of a little 
circular hot plate. This gave a liquid surrounded by crystals of 
both forms, and on cooling, each inoculated its own species from 
the melt. Supercooling was thus prevented and the slow growth 
which took place just below the melting point resulted in com- 
paratively large crystals. 

The crystal structure of o-nitroaniline has been studied by the 
X-ray method by Hermann and Burak ( Z . Krist . , 1928, 67, 189), 
who concluded that it was orthorhombic. The only mention of its 
polymorphism appears to be a statement by Kohman, in a study of 
the freezing points of binary mixtures of the nitroanilines (J. 
Physical Chem., 1925, 29, 1048), to the effect that the substance in 
binary 1 mixture gave indications of existing in an unstable form. 
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We therefore decided to study the phenomenon in more detail, 
especially as the regular appearance of the two modifications side by 
side appeared to facilitate the investigation of certain aspects of 
polymorphism, such as the rate of stabilisation. 

In about two hours after solidification the orange crystals are seen 
to have commenced to extend their territory at the expense of the 
green variety, showing that the former is the more stable modi- 
fication. In addition, isolated crystal grains of the orange form 
appear in the areas occupied by the green form and continue to grow. 
This transformation occurs at all temperatures between that of the 
room and the melting point (70°), becoming much more rapid as the 
latter is approached, so within this range the polymorphism is 
monotropic. 

The reason for the simultaneous appearance of the two forms under 
ordinary conditions of cooling, i.e., radiation to room temperature, 
is that, within the temperature range in which crystallisation starts, 
the number of nuclei of each formed and their crystallisation 
velocities are of the same order, although there is usually a pre- 
ponderance of the unstable form. More nearly equal quantities are 
produced if the slides are allowed to radiate to an atmosphere at 
about 30°; and at still higher temperatures of the environment, 
the proportion of the stable form is increased until, just below the 
melting point, no unstable form at' all is obtained. The main 
factor determining this behaviour appears to be the relationship 
between the crystallisation velocities of the two forms at different 
temperatures, which is well illustrated by Fig. 1. This photo- 
micrograph depicts the crystallisation on a slide of some nitroamline 
that had been melted except for the strip of solid to the right of the 
line AB, which contained both forms. On cooling, the stable (dark) 
form at first grew the more rapidly, as is shown by the constriction 
of the unstable areas ; then both forms crystallised at the same speed 
(CD), and after this stage the stable form separated less rapidly, 
finally becoming entirely suppressed. 

The numbers of nuclei of the two forms, however, appear to go 
more nearly hand in hand with alteration in the temperature, both 
increasing considerably as the temperature is lowered. On a slide, 
a melt which is rapidly cooled or greatly supercooled, appears to the 
naked eye to crystallise rapidly from a large number of nuclei of the 
unstable form. Microscopic examination, however, shows that 
there are numerous crystals of the stable form embedded in the 
mass, which evidently have not had a chance to grow owing to their 
small crystallisation velocity at the temperature of their formation. 
These smal l stable crystals are also seen under the microscope in the 
unstable areas of melts which have crystallised more slowly (see 





Soon after crystallisation. 21 Hours later . 

“Crude” Q-nitroaniline ( the dark material is the stable form) (X 5), 

Fig. 2. 


{To face p . 726.] 



21 Hours later . 


Soon after crystallisation. 

o-Nitroaniline twice recrystallised from alcohol (X 5). 

(The stable form here appears lighter than the unstable form owing probably to the film being 
thicker than in Figs . 2 and 4.) 

Pig. 3. 



Soon after crystallisation. 21 Hours later. 

o-Niiroaniline (twice recrystallised from alcohol) + 0-9% of p-nitroaniline (x 5). 
(The dark material is the stable form.) 


Fig. 4. 
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next section). They apparently give rise to the previously men- 
tioned, isolated crystal grains visible to the naked eye after stabilis- 
ation has proceeded for some time. 

The Rate of Stabilisation . — In the thin films studied the time taken 
for the transformation of all the substance into the stable form 
depends on two factors : (1) the linear stabilisation velocity, i.e ., 
the rate at which the boundary between the stable and the unstable 
form moves in a direction normal to itself, and (2) the length of the 
boundary. In any given specimen it may be assumed that (1) 
remains constant at constant temperature (provided that any 
impurity present is evenly distributed throughout the film), if the 
boundary be so long and the crystals so small that the observed 
effect is a statistical average of the velocities at different crystal 
faces. Factor (2) will depend mainly on the proportion of the stable 
form present as small grains, for if this is large, not only will the 
total length of boundary be very great at the start, but it will 
increase rapidly as stabilisation proceeds. We have found that 
both these factors are greatly affected by small variations in the 
degree of purity of the substance (compare Tammann, £< The States 
of Aggregation,” English transl., Constable and Co., 1926, pp. 228 
etseq.). 

The starting point of all these experiments was Schuehardt’s 
“ pure ” preparation, stated possibly to contain a trace of 'p-nitro- 
aniline, and hence subsequently referred to as “ crude.” On slides 
made from this material and kept at room temperature, stabilisation 
was very slight after 21 hours (see photomicrographs, Fig. 2) and 
was not complete until several days had elapsed. A quantity of 
the crude substance was recrystallised five times from absolute 
alcohol, a specimen of each stage being retained and dried in the 
ordinary way. After about one week’s storage in a calcium chloride 
vacuum desiccator they had lost all odour of alcohol. On slides 
made from these specimens, stabilisation was much more rapid 
than on those made from the crude substance (Fig. 8; contrast 
Fig, 2), and was usually complete in 24 hours, this being due to a 
considerable increase in both the linear stabilisation velocity and tho 
number of small grains. From this result it appeared either (1) that 
the crude material contained an impurity acting as a retarding 
agent, or (2) that the recrystallised substance retained traces of 
alcohol which acted as an accelerator. The second possibility did 
not appear to be very probable, for the manufacturers had informed 
us that their product was also recrystallised from alcohol, and it was 
not likely to have been more completely dried than ours. However, 
after our specimens had been kept for 12 months in a calcium 
chloride desiccator, they became distinctly slower, but this appeared 
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to be due to a diminution in the number of small grains rather than 
to any alteration in the linear stabilisation velocity. 

In order to test the first possibility, mixtures of some of the 
recrystallised specimens with about 1% of p-nitroaniline were made, 
since this was one of the most likely impurities. According to the 
results of Kohman (loc. cit.), this proportion of the ^-isomeridc 
lowers the f. p. of o-mtroaniline by about 0*6°, which is the average 
difference found between the purest recrystallised specimens and the 
crude material (see Table I, p. 731). These mixtures were inter- 
mediate between the crude and recrystallised specimens as regards 
both the linear stabilisation velocity and the number of small grains 
formed (compare Figs. 4, 3, and 2). The slowness of the crude 
substance is therefore not due to p- nit ro aniline alone, although this 
substance may be partly responsible. 

Two other methods of purification were tried, viz., steam-distil- 
lation and distillation directly on to a microscope slide. The yield 
in the first case was small, and the product behaved as regards 
stabilisation in much the same way as the recrystallised specimens 
before prolonged drying, but was possibly a little slower. In the 
second case, one of the recrystallised specimens was placed in a short 
Pyrex test-tube held in a vertical position by being surrounded with 
sand contained in a large iron crucible. The latter was heated and 
the substance fractionally sublimed on to a series of microscope 
slides laid in succession on the top of the test tube. The first and 
middle fractions stabilised as rapidly as the recrystallised specimens, 
but the last fractions were exceedingly slow, the last of all being 
much slower even than the crude substance, only a very small 
amount of stabilisation having taken place after 4 days. Under the 
microscope these slow specimens were seen to be contaminated with 
a liquid, evidently a decomposition or oxidation product, for the 
residue in the test tube was charred. This liquid appeared to be 
much less volatile than the nitroaniline, for, whereas on long keeping, 
the latter always evaporates considerably at the edges of the cover 
slip, this liquid did not do so. The slowness of these specimens is 
evidently connected with this impurity. 

In these and all other experiments described in this paper, the 
slides and cover-slips were treated with hot chromic or chromic- 
nitric acid mixture, it being ensured by the use of suitable holders 
that the liquid had free access to all surfaces. They were then 
washed with distilled water, next with conductivity water, and were 
finall y dried in an air-oven and stored in a calcium chloride desiccator. 
In. the later experiments, they were also steamed for a few minutes 
before being dried. To prevent decomposition of the substance, 
thehot plate used for melting the films was fitted with a thermometer 
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and the temperature was never allowed to rise above 120°, nor were 
the slides left on the plate longer than was absolutely necessary. In 
preparing the slides, they and the cover-slips were manipulated 
entirely with forceps. The progress of stabilisation was conveniently 
followed by projecting the slides at intervals on to a screen by means 
of an optical lantern. 

After the stabilisation process described above is complete, most 
slides on standing for some weeks develop dark brown patches 
which gradually extend. This change, which is being further 
studied, is partly due to the coalescence of the original needles to 
form larger crystals. 

Freezing Points and Melting Points . — In order to compare the 
purity of the different specimens obtained by recrystallisation, an 
attempt was made to determine their freezing points. This proved 
to be impossible with the quantities available (about 2 g. of each), 
for the freezing point registered depended entirely on the bath 
temperature even when the latter was only 1° or 2° below the former. 
This is probably because the substance has a low velocity, or heat of 
crystallisation, or both. The highest temperature registered by the 
crude substance was 68-7° with the bath at 67°, and C8*9° with the 
bath at 68°. The thrice recrystallised specimen had a f. p. of 69*2° 
with a bath temperature of 68°, and this was the highest temperature 
observed. (Determinations with the fourth and fifth fractions, 
however, were not made.) This value may be compared with 
Kohman’s, viz., 69*3° ( loc . cit.). 

Attention was next directed to melting-point determinations. 
The m. p. ? s given in the literature vary from 68° to 71-5°. The 
ordinary methods proved quite unsatisfactory, since it seemed 
impossible to judge with certainty to less than 0*5° the temperature 
at which melting began, even when the melting-point tube was 
observed with a low-power microscope. In order to remove any 
unstable form, the tubes were heated at 60° for some days, but this 
did not seem to make any difference. The difficulty was eventually 
overcome by means of the apparatus shown in Fig. 5, in which the 
melting of the substance on microscope slides could be observed. 
This method had the advantage that the melting points of both 
forms could be determined in one operation. The glass tube, A, 
which was just wide enough to contain a 3" x 1" microscope 
slide, E, was fitted at the top with a rubber stopper carrying an 
Anschutz thermometer of the enclosed-scale type, B, graduated 
from 60° to 85° in 0*2° (made specially for this work by Messrs. 
Negretti and Zambra), and two copper tubes, 0 and D. The 
tube G, which was about one yard long, passed to the bottom of A, 

coiled ati fair ? a o.a nL nwn HPLa flibA Ti twtjVhAr? irtaf bftlrm/ fJhr* 
00 
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stopper. The slide was supported between the tube 0 and the 
thermometer, the bulb of the latter being opposite the centre of the 
substance under the cover-slip. The whole apparatus was immersed 
to the level shown in a 2 -litre beaker contai n i n g water and fitted 
with a mechanical stirrer, a thermometer, and a movable 2-volt 
electric bulb enclosed in a frosted glass tube, by means of which any 
desired portion of the material on the slide could be brightly illumin- 
ated from behind. The beaker was heated by a shielded gas flame 
controlled by a fine adjustment. By attaching D to a filter pump 

and C to a sulphuric acid wash 
bottle a rapid current of dry air at 
the same temperature as the outer 
bath could be drawn through A. 
Careful trials showed that, pro- 
vided the temperature of the bath 
was not altered more rapidly than 
1° in 10 minutes and a rapid cur- 
rent of air was drawn through A, 
the temperature registered by the 
thermometer kept the same, to 
within 0*1°, as that of the bath. 
Since the substance on the slide 
was only separated from the air 
stream by the thin cover-slip, it 
did not seem possible for it to lag 
behind the thermometer in acquir- 
ing the temperature of the air, 
especially as the slide and ther- 
mometer had approximately equal 
volumes and therefore approxi- 
mately equal heat capacities. (As 
is well known, glass has very nearly 
the same heat capacity as an equal volume of mercury.) If proof 
were needed, however, it was furnished by the fact that if the 
temperature of the apparatus were rapidly raised so that there was 
considerable lag on the part of the thermometer, then the substance 
on the slide melted at a very much lower reading than when slow 
heating was used. Thus, under conditions such that the ther- 
mometer registered the temperature of the bath, it also registered 
the temperature of the o-nitroaniline. These conditions, already 
specified, were adhered to during the melting-point determinations. 

In carrying out a determination, a freshly crystallised slide con- 
taining both the stable and the unstable form was placed in A, and 
the apparatus rigidly fixed in the bath which had been previously 
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heated to 65 — 67°. If this preliminary heating were omitted, it was 
found that the long time taken to raise the apparatus to the m, p. 
resulted in complete stabilisation of the substance, so that the 
m. p. of the unstable form could not be observed. The air stream 
was then started, and the bath rapidly stirred. When the inner and 
outer parts were in thermal equilibrium the temperature was 
allowed to rise at the above-mentioned rate. A suitable portion of 
the slide, usually near the bulb of the thermometer, was illuminated 
and observed by means of a low-power microscope. The unstable 
areas melted first and left crystals of the stable form surrounded by 
liquid. One or two well-shaped crystals were selected for observ- 
ation and watched carefully against an eye-piece scale in the 
microscope. The temperature at which they first showed signs of 
melting could thus be determined very sharply. The point at which 
the unstable form commenced to melt could not be determined so 
precisely, for this fornv usually consisted of very small crystals 
packed closely together, and consequently there were no sharply 
defined crystal edges visible. Moreover, melting at the boundaries 
between the stable and the unstable form was often observed to take 
place at a lower temperature than that at which the bulk of the 
unstable form melted.* The temperature recorded as the m. p. was 
that at which melting some distance from the boundary first became 
apparent. 

Objection may be raised to this method on the ground that 
substances in thin films have lower melting points than when in 
bulk ; for example, Meissner {Z. anorg . Chem 1920, 110, 169) has 
shown that the m. p. of a film of myristic acid decreases by 0*3° as 
the thickness diminishes from 10 p. to 0*8 g. Measurements of the 
thickness of four of our films taken at random gave the values 
0*135, 0*155, 0*145, and 0*125 mm., which would appear to be well 
outside the range of this effect. 

The results are given in Table I. With the exception of the crude 
specimen they refer to material dried for 12 months over calcium 
chloride. 

Table I, 

Fractions of reorystallised specimens. 

Specimen. Crude. 1, 2. 3. 4. 5rx.f 56. f 

M. p. of unstable ca. 67*9° ca. 68*1° 68*1° (58*1° 68*3 lJ ca. 68*2" 08*2° 

form. (>8*2 

M. p. of stable 69*5 70*05 69*9 70*1 70*15 70*15 70*1 

form. 69*5 69*9 70*1 70*15 70*25 

f Kesults with two different slides* 

* This may be a surface effect, or may be duo to a concentration of traces 
of impurity at these places. It is also not impossible that, owing to differing 
molecular complexity, the two forms molt to give for a brief period different 
liquids, so that the m. p. of one is lowered by contact with the other. 
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The values for the 3rd, 4th, and 5th fractions show* little difference, 
so that probably the maximum purity possible by the method of 
purification used was reached. From the average of these three 
specimens, the m. p. of the unstable form lies 1-9° below that of the 
stable form. The values must, of course, bo higher than the true 
solid-liquid equilibrium temperature. Kohman’s value of 69*3° 
seems, however, to be too low, for on one occasion it was noted that 
when a slide was cooled the crystals started to grow above 69-5°. 
Possibly his determination was influenced by the same factors as 
were our freezing-point determinations, for he too used a small 
quantity. It is also possible that his specimen -was impure, for he 
states that sublimation was used as one of the methods of purification 
and as already stated this may lead to decomposition or oxidation. 

Summary. 

1. o-Nitroaniline exists in two polymorphs. One (m. p. 08* 1 — 
68*3°, monoclinic or triclinic) is unstable at all temperatures between 
that of the room and the m. p. and changes into a stable form (m. p. 
701 — 70*2°, orthorhombic). 

2. When the substance is crystallised in thin films, both forms are 
normally obtained, the relative amounts depending on the tem- 
perature at which crystallisation begins. This has been connected 
with the relation between the crystallisation velocities of the two 
forms at different temperatures. 

3. The time taken for the disappearance of the unstable form has 
been studied with regard to (i) the linear stabilisation velocity at the 
stable-unstable boundary and (ii) the extent of the boundary; 
and the effect of impurities on both these factors has also been 
investigated. 

4. An apparatus which enables the melting points of both forms 
to be determined in the same operation is described. 

In conclusion, we wish to express our gratitude to Mr. Alan Miuart 
for his interest and assistance in the crystallographic part of 
this work. 

Uiuvebsity College of Swansea, 

University oe Wales. [Kuciccd, Jb\brmnj 8 ih, 1030.] 
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XCIX . — The “Uniform Movement ” of Flame in 
Mixtures of Ethylene, Propylene, or Butylene with 
Air . 

By Elizabeth Helen MacLeod Georoeson and Francis 
John Hartwell, 

The uniform movement of flame, the first stage in its propagation 
from the open towards the closed end of a tube, provides the most 
convenient means for comparing the speeds of inflammation of 
various gas mixtures. This communication presents measure- 
ments of the speed of uniform movement of flame in the whole 
range of inflammable mixtures of air with ethylene, propylene, or 
butylene. The experiments were carried out in a horizontal tube 
of 2*5 cm. diameter, and the results are therefore directly comparable 
with those already obtained for carbon monoxide and the lower 
members of the paraffin series (Payman, J,, 1919, 115, 1446, 1454), 
for acetylene (Mason and Wheeler, ibid., p. 578), and for hydrogen 
(Georgeson and Hartwell, J,, 1927, 265). The limits of inflamm- 
ability of the olefins named, in the conditions stated, were determined 
incidentally. 

The apparatus and experimental procedure were similar to those 
described (J., 1927, 265). The use of a tube of transparent quartz, 
2*5 cm. in diameter and 150 cm. long, and a quartz lens, enabled 
flame photographs to be taken over the whole inflammable range 
of each gas. The combustible gases, obtained commercially in 
cylinders, were purified by repeated liquefaction and fractional 
distillation. The butylene was a mixture, in approximately equal 
proportions, of A a - and A^-isomerides (W. L. Wood, private com- 
munication). Mixtures with air were prepared over mercury in 
iron gas-holders and, except when otherwise stated, the gases were 
roughly dried by passage over calcium chloride, and contained loss 
than 0*1% of water vapour. A samplo of each mixture was taken 
for analysis from the tube prior to ignition. The mixture was 
fired by passing a spirit-lamp flame, 2—3 cm. high, across the 
opened flanged end of the tube. Photographs were taken during 
the progress of the flames over a distance of 12*5—38*5 cm. from 
the point of ignition. 

The values obtained from the photographic records are given 
in Table I. In each case, the first column contains the percentage 
.(by vol.) of the hydrocarbon, and the second, the speed of uniform 
movement (in cm. /sec.). 

Pig. 1 shows the results as speed-percentage curves, together with 
the curves for the first five paraffin hydrocarbons. Por the olefins 
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Table I. 

The, Speed of Uniform, Movement of Flame in 
(Horizontal propagation in a tube 2-5 cm. in 
(i) Ethylene— air mixtures. 


c 2 h 4 . 

%* 

3-26 

3-30 

3-34 

3*36 

3*48 

4*14 

4*33 

4*69 

4*97 

5*07 

5*42 

5*84 

6*39 

6-40 

6*81 

6*88 

7*02 


Speed. 

No propagation 
20*6 

23*4, 22*8 
25*8, 

29-9, 

54*0, 


25*5 

28*9 

54*8 

61*9 

73*3 

87*5 

93*1 


61*0, 

74*0, 

88*5, 

92*1, 

105*6 
119*8, 121*0 
143*7, 145*1 
145*8 

157*6, 155*8 
159*4, 158*9 
159*7, 153*6 


c 2 h 4 , 

%* 

.7*05 

7*24 

7*27 

7*29 

7*31 

7*42 

7*58 

7*61 

7*66 

8*06 

8-11 

8*19 

8*32 


Speed. 

f 112*7, 

, 114*7, 

\ ii3-8; 

, 156*1, 

(163*3; 

, 160*6 

/ 164*8, 

165*8, 

1168*4, 

168*7 

165*0, 

166*5 

162*6, 

166*5 

162*3, 

163*6 

165*1, 

167*2 

/164-7, 

165*7, 

1163*2 


161*8, 

163*4 

165*2, 

165*8 

155*1, 

157*3 

162*5 


160*2, 

157*2 


(ii) Propylene-air mixtures . 


/ 151*6, 155*9, 
1.158*2 


C 3 H 6 


2*58 


2*78 

3*06 

3*42 

3*83 

4*14 

4*47 


( (a) No propag- 
j ation 
1(b) 20*85 
/ 28*4, 29*1, 
130-1 
38*7, 38*8 
51*9, 52*7 
70*9, 68*8 
80*1, 81*9 
93*1, 91*0 


/o* 

4*83 

4*95 

5*04 

5*14 

5*24 

5*28 

5*37 

5*42 


(iii) Butylene— air mixtures. 


apeea. 

98*0, 98*9 
/ 101*0, 98*2, 
l 99*6 
100*7, 99*6 
101*9, 100*9 
100*0, 99*2 
101*5, 102*0 
/ 99*8, 99*1 
l 99*3 
99*6, 99*0 


%■ 


1- 93 

22-2 

2- 64 

2- 83 
301 

3- 36 


Speed. 

(a) No propag- 

ation 

(b) 18-9 
35-2, 33-0 
53-5, 50-6 
63-6 

68-5, 68-1 
81-4, 79-6, 83-1 


C 4 H 8> 

%• 

3-65 

3-78 

3-91 

3- 94 

4- 08 
4-22 
4-60 


Speed. 

92-4, 93-5 

94- 5, 93-5 
99-0 

96-9, 96-6 
96-0, 98-2 

95- 7, 94-6, 96-6 
83-3, 82-7 


C 2 H 4 , 

%• 

8-50 

8- 75 

9- 01 
9-47 
9-51 
9-88 

10- 25 

11 - 20 
12-10 
12-95 
14-49 

14- 66 

15- 50 

17- 84 

18- 06 
18-22 
18-30 


MOVEMENT 

Mixtures. 

diameter.) 

Speed. 


156*4 


141*4, 

143*9 

131*8 


113*5 


107*3 


92*5, 

91*5 

73*2, 

74*4 

47*2, 

47*5 

35*6, 

36*3 

30*1, 

31*6 

23*6, 

24*0 

22*7 


22*7 


19*2 


18*4 


18*5 



No propagation 


O/ 

/o* 

5*62 

5*84 

6*01 

6*31 

6*40 

6*68 

7*10 

7*46 

7*56 


Speed. 

94*0 

84*1, 90*8 
82*2, 82*2 
73*3, 73*6 
65*5, 68*5 
57*1, 57*8 
39*9, 40*6 
31*8, 32*3 
No propagation 


°f o r 

4*65 

4*94 

5*25 

5*65 

5*96 

6*09 


Speed. 
81*0, 80*1 
68*1, 69*3 
53*7, 53*5 
39*2, 39*2 
32*5, 32*6 
Propagation for 

55 cm. only 


uniform movement contSf lelf speed of 

combustion. For parafiThXcibot JLT"? ** Com P lete 
to the influence of mass action (PaynL, J 1920^11^8^^ 
same explanation may be adopted for tbe olefins. ’ ’ 48 ’ ^ th ® 
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Fra, I. 



Table II shows the limits of inflammability in a horizontal glass 
tube, 2*5 cm. in diameter and 150 cm. long, and also the composition 
and speed of uniform movem ent of the maximum speed mixture 
of each hydrocarbon. 

Table II. 


Limits of 
inflammability : 
hyd roearbon , % . 



Lower 

Upper 


limit. 

limit. 

Ethylene-air .... 

3*30 

18*25 

Propylene-air , 

.. 2*58 

7*50 

Butylene-air .... 

... 1-93 

6-0 


Maximum spend 
mixtures. 

r 4 — — , Theoretical 

Speed of for complete 
Hydro- uniform combustion : 
carbon, movement hydrocarbon, 


%. (cm. /sec.). %. 

7-3— 7-7 KM 0*51 

5*0~5*3 101 ‘1*4*1 

3*0 — 4*1 08 3*30 


A peculiarity of the ethylene~air curve is the flattening towards 
the upper limit. 

Chapman (J., 1921, 119, 1677) has given measurements of the 
speed of uniform movement of flame in ethylene~air mixtures. 
His results are from 14 to 28% lower than ours. In the course 
of attempts to explain the difference we found : (i) that the speeds 
of flame in mixtures of ethylene and air saturated with water vapour 
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at laboratory temperature were only slightly lower than the speeds 
in mixtures roughly dried by passage over calcium chloride; (ii) 
that ethylene, prepared in the laboratory by Newth's method 
(X, 1901, 79, 915) and purified by condensation of alcohol and 
ether vapours in vessels cooled by solid carbon dioxide and ether, 
gave the same flame speeds as those recorded in Table I; (iii) that 
the speed of uniform movement of ethylene-air mixtures was not 
affected by variations in length of the explosion tube. 

It seemed that the cause of the difference might be found in the 
methods of registering the flame speeds, for Chapman had recorded 
automatically the time interval between the fusion of successive 
screen wires, whereas we had used the photographic method. The 
latter is now regarded as the more trustworthy, for screen wires are 
obstacles in the path of the flame, and, moreover, they record only 
the mean speed of flame between one wire and the next. We 
therefore fitted a tube with screen wires and made measurements 
by both methods simultaneously, over the same length of tube. 
The speed measurements agreed with one another, but were some 
3 — 4 cm. /sec. higher than corresponding figures in Table I, a result 
which the photographs explained by showing a small increase in 
flame speed near the wires, which presumably function as small 
constrictions in the tube. So far as we could discover, therefore, 
the differences between Chapman’s figures and ours are not attribute 
able to an error in either method of measurement of flame speeds. 

A clue to an explanation was provided by the flame speed of the 
7*05% ethylene-air mixture, which was found to be either 114 or 
160 cm./sec., approximately. The lower speed was obtained when 
the ground-glass cap at the firing end of the tube was removed in 
such a manner as to cause mechanical disturbance of the mixture. 
Low flame speeds were also regularly induced by firing the mixture 
while the tube was still “ ringing ” after a rather sharp blow; in 
these circumstances speeds of 110 — 120 cm./sec. were obtained witli a 
maximum speed mixture instead of the normal speed of 166 cm./sec. 
Mason and Wheeler (J., 1920, 117, 1233) observed a similar effect 
in the upward propagation of flame in certain methane-air mixtures, 
and attributed the effect to resonance. We are inclined, therefore, 
to explain the comparative slowness of Chapman’s flames as being 
due to the incidence of resonance during part of their progress 
between the screen wires. The photographic registration of flame 
speeds prevents such an effect from being overlooked. 

The upper limit of ethylene in air was found to be 18*25%. At 
about 14% of ethylene, the colour of the flame changed , from 
bluish-green (below 14%) to yellow (14—18%), and carbon was 
liberated. 
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C . — Aromatic Stibinic Acids containing Phenyl 
and Quinolyl Radicals. 

By Gilbert T. Morgan and James Wiltoed Cook. 

In recent years considerable attention has been directed towards 
organic antimonials as therapeutic agents in tropical medicine 
(Schmidt, hid. Med. Oaz 1928, 63, 643) and the compounds now 
described were prepared in the course of a search for aotive sub- 
stances of greater stability than j>-aminopkenylstibinic acid, from 
which many of the successful antimonials are derived. 

One of the most promising arsenicals in present use is tryparsamide 
and Brahmachari {Indian J. Med . lies., 1922, 10, 510) claimed to 
have isolated the analogous antimony compound (sodium JV-plicnyl- 
glycineamide-p-stibinate, I). We have made repeated unsuccessful 
attempts to prepare Brahmachari’s substance, the chief difficulty 
being that ^-aminophenylstibinic acid decomposes rapidly under the 
conditions necessary to effect condensation with chloroacetamide. 
Attempts to overcome this difficulty by introducing the stibinic acid 
group into a previously formed N -phenylglycine molecule (for 
example, by the Bart-Schmidt reaction with ^-amino-iV -phenyl- 
glycine or jp-amino-iV-acetyl-A-phenylglycine) also proved abortive. 
Moreover, -pp'-diaminodiphenylstibinic acid and 4-hydroxy-3- 
aminophenylstibinic acid both decomposed when heated with 
chloroacetamide in faintly alkaline solution. 

m-Aminophenylstibinic acid is considerably more stable than its 
para-isomeride and condenses smoothly with chloroacetamide and 
with chloroacetomethylamido to yield l$-phcnylglyGimamide*m~ 
stibinic acid (II) and IV'-phenylglycinemothylamide-m-stibinio acid 


(III) respectively. 
NH*CH>CO\NH» 

NH-CH a -CO-NH a 

NH'CHjj'OO’N HMe 

0 

Qsb0 3 H 2 

Qsb0 3 H 8 

SbOgHNa 

(!•) 

(XT.) 



m-Aminophenylstibinic acid also reacted with cyanic acid to give 
m-carbamidophenylstibinic acid (IV), 
o o 2 
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4-Chloro-3-aminophenylstibinic acid (V), obtained by oxidation 
of 4-chloro-3-aminophenylstibinous chloride hydrochloride (Schmidt, 
Anmlen , 1920, 421, 208; Ber., 1926, 59, 556) with ammoniacal 
hydrogen peroxide at 0°, failed to react when its sodium salt was 
heated with chloroacetamide or chloroacetomethylamide in aqueous 
or alcoholic solution, the reactivity of the primary amino-group 
being probably depressed by the ortho- chlorine atom. 

The chlorine atom in 4-chloro-3-nitrophenylstibinic acid (Schmidt, 
Annalen , 1920, 421, 188) is considerably less reactive than that in 
the analogous arsinic acid (D.R.-PP. 285,604, 446,545 ; Barber, J., 
1929, 471), since it does not condense with pyridine or aniline at 
100°, with ammonia at 120°, or with diethylamine in boiling alcoholic 
solution. With piperidine in boiling alcohol, however, Z-nitro-i- 
piperidinophenylstibinic acid was readily obtained, and this was 
reduced by ferrous hydroxide to S-aminoA-piperidinophenylstibinic 
acid (VI). 

nh-co*nh 2 

(^)sb0 3 H 2 

(IV.) 


Sb0 3 H 2 



Sb0 3 H 2 

!nh 9 


ci 

(V.) 


c 6 h 10 :n 

(VI.) 


3-NitroA-etkylaminopJienylstibinic acid was produced from 4- 
ehloro-3-nitrophenylstibinic acid and ethylamine in alcoholic 
solution at 120 — 130°, the reaction being accompanied by partial 
elimination of antimony from the molecule. 

Treatment of an aqueous suspension of 3-amino-4-hydroxyphenyl- 
stibinic acid with acetic anhydride led to the formation of a stibinic 
acid which was probably Z-acetamidoA-kydroxyphenylstibinic acid 
(VTI), but its extreme solubility in water was remarkable, since 
most aromatic stibinic acids are very sparingly soluble, as is also the 
analogous arsinic acid (stovarsol), so the possibility of internal con- 
densation to a benzoxazole derivative (VIII) is not excluded. 


(VII.) 


Sb0 3 H 2 

(^)nh-co-ch 3 

OH 


SbO s H 2 ,H a O 


(VIII.) 


6— C'CH, 


The conditions necessary for the production of quinolylstibinic 
acids by the Bart-Schmidt reaction have been determined (compare 
Binz and Rath, Eng. Pat 250,287) and quinolyl-5-stibinic, quinolyl- 
§ -stibinic, and quinolyl-8- stibinic acids were obtained from the corre- 
sponding aminoquinolines. The stibinic acid group has less in- 
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fluence than the arsinic acid group in inhibiting the basic character 
of the quinoline residue, since these stibinic acids are soluble even 
in dilute acetic acid, whereas Binz and Rath (. Annalen , 1927, 453, 
240) have shown that the corresponding arsinic acids require con- 
centrated mineral acids for salt formation. These quinolylstibinic 
acids were purified through their sparingly soluble crystalline 
stibinic chlorides , the salt obtained from quinolyl-8-stibinic acid (IX), 
for example, being represented by structure X : 



By evaporation of its solution in dilute acetic acid, quinolyl- 
8-stibinic acid (IX) is converted into a water-soluble variety which 
is probably a salt formed by internal neutralisation, since the 
isomeric 5- and 6-compounds do not behave in this way. An 
attempt was made to prepare 6-methoxyquinolyl-8-stibinic acid and 
6-ethoxyquinolyl-8-stibinic acid from the corresponding alkoxy- 
aminoquinolines, which themselves are stated to be destructive to 
blood parasites {Eng. Pat. 267,457). The yield of these stibinic 
acids was, however, very poor and they could not be obtained free 
from coloured impurities, but it is noteworthy that neither of these 
derivatives of quinolyl- 8- stibinic acid could be converted into a 
water-soluble form by evaporation of dilute solutions of the acetates. 

The trypanocidal action of the compounds now described has been 
examined by Professor Warrington Yorke under the auspices of the 
Chemotherapy Committee of the Medical Research Council. The 
substances were administered intraperitoneally and were found to 
possess only a slight activity against T , equiperdum . The minimum 
lethal doses (M.L.D.), expressed in mg. per 20 g. mouse, are given in 


the following table, sodium m-aminophenylstibinato being included 
for comparison. 

Substance. M.L.1). 

Sod ium w-aminopheny lstibinato 2 5 

Sodium m-carbamidojjlienylstibinate 28 

Sodium N -phenylgly tuneainide-m-s ti Innate 20 

Sodium jV-phenylglycinemethylamide-m-Btibiriate 30 

Acetylated 3-amino-4-hydroxyphenylstibimo acid (VII or VIII) ... 10 

Sodium quinolyl -5 -stibinate 1*8 

Sodium quinolyl-6-stibinate 3*6 

QuinoIyl-8-stibinic acid 0*0 


"Experimental 

I. Derivatives of m-Aminophenylstihinic Acid . 

. m-Carbamidophenylstibinic Acid (IV). — m-Aminophenylstibinio 
acid (6 g.) was dissolved in A-hydrochloric acid (20 c.c.)> and the 
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excess of mineral acid neutralised with sodium hydroxide. 2N- 
Acetic acid (25 c.c.) was added, followed by a concentrated aqueous 
solution of potassium cyanate (2*5 g.) at 0°. After an hour the 
precipitate was collected and reprecipitated by' hydrochloric acid 
from its solution in sodium hydroxide. For purification, the product 
(5*5 g.) was suspended in concentrated hydrochloric acid (50 c.c.) 
at 0°. After 3 hours the yellow crystalline stibinic chloride was 
collected, washed with hydrochloric acid, and hydrolysed by water 
to the stibinic acid, which was washed with water to remove occluded 
salts and finally dried in a vacuum desiccator, m -Carbamidophenyl- 
stibinic acid , a white amorphous powder, decomposed on heating, 
without melting * (Found : N, 9*5. C 7 H 7 0 s N 2 Sb,H 2 0 requires 
N, 9*1%). 

The sodium salt, precipitated on adding alcohol to its neutral 
solution, formed a white amorphous powder, moderately easily 
soluble in water (Found : Sb, 39*0. C 7 H 8 0 4 N 2 ISraSb requires Sb, 
^7*0%). Most of the sodium salts gave high analytical figures for 
antimony. This accords with the observations of Fargher and Gray 
(J. Pharm. Exp. Ther 1921 — 1922, 18, 341), who cite several 
instances of neutral sodium aryl stibinates containing less than one 
atom of sodium per molecule. 

IS-Phenylglycineamide-m-stibinic Acid (II).— A solution of m- 
aminophenylstibinic acid (5*2 g.) and chloroaeetamide (3*6 g.) in 
^-sodium hydroxide (20 c.c.) was heated at 90° for 1£ hours. Suffi- 
cient sodium hydroxide was added to dissolve the resulting resinous 
precipitate and the solution, which still gave a reaction for primary 
aromatic amine, was treated with a further 1*5 g. of chloroaeetamide 
and heated for another hour to complete the condensation. The 
clear solution obtained by adding the requisite amount of alkali was 
acidified with acetic acid, the precipitated stibinic acid was dissolved 
in 2A r -hydrochloric acid (15 c.c.), and addition of ice-cold hydrochloric 
acid (d 1*19; 15 c.c.) then resulted in separation of the crystalline 
stibinic chloride. This chloride was rapidly collected and dissolved 
in water, the solution made alkaline, and the free stibinic acid 
reprecipitated by acetic acid (Found: Sb, 39*5 ; N, .9*0. 
CsH0O 3 3Sr 2 Sb,l/3H 2 Ot requires Sb, 39*4; N, 9*1%). TS-Phenyl* 
glycineamide-m-stibinic acid, a white amorphous powder, was readily 
soluble in dilute alkali or excess of dilute mineral acids but insoluble 

* None of the stibinic acids described in the sequel had a definite melting 
point. 

f Schmidt {loo. cit.) has shown that the vacuum-dried aryl stibinic acids are 
usually represented by formulae of the type 3ArSb0 2 ,H a 0 or 3ArSh0 2 ,2H a O. 
The figures for antimony which we have obtained have led us to adopt similar 
formulations* although with considerable reserve on account of the instability* 
and difficulty of purification of the compounds. 
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in dilute acetic acid. When added to its dilute hydrochloric acid 
solution, sodium nitrite precipitated a gelatinous nitrosoamine. 

The sodium salt, precipitated by addition of alcohol to its con- 
centrated neutral aqueous solution, was a white amorphous powder 
readily soluble in water (Found : Sb, 35*9. C 8 H I0 O 4 lSr a NaSb 
requires Sb, 35*5%). 

Sodium N -PheMylglycmemethylamide-m-stibinaie (III). — Condens- 
ation of m-aminophenyistibinic acid with chloroacetomethylamide 
was carried out exactly as with chloroacetamide, a double heating 
with the methylamide being also necessary for complete reaction, 
Phenylglycinemethylamide-m-stibinic acid, when purified through 
the stibinic chloride, had properties similar to those of the corre- 
sponding amide, and gave a strong odour of methylamine when 
heated with sodium hydroxide solution. The sodium salt, which 
was isolated from its concentrated aqueous solution by addition of 
alcohol and ether, formed a white amorphous powder completely 
soluble in about half its weight of water (Found: Sb, 33d. 
C 9 H 12 0 4 N 2 NaSb requires Sb, 34d%). 

Condensation of m-aminophenylstibinic acid with chloroacet- 
ethylamide proceeded smoothly with the formation of an acid, of 
which the sodium salt was not precipitated from its aqueous solution 
even by alcohol and ether. 

pp ' -Diacetamidodiphenylstibinous Hydroxide, — A suspension of 
jp-acetamidophenylstibinous chloride hydrochloride (10 g.) in 
0*005A r -sodium hydroxide (1000 o.o.) was boiled for an hour. The 
solution, filtered hot from antimony oxide, deposited colourless 
needles on cooling; these, recrystallised from aqueous methyl 
alcohol, intumesced at 128° (Found : Sb, 29*5. Calc. : Sb, 29*9%), 
This process is simpler than Schmidt’s method of degradation of the 
triacetamidotriphenylstibine (Anncden, 1922, 429, 137). 

This secondary hydroxide was oxidised to the diarylstibinic acid 
by Schmidt’s method, and the product (4 g.) hydrolysed at 0° in 
f hour by iV-sodium hydroxide solution (25 o.cs.). The resulting 
amino-compound gave only aniline and resinous products on treat- 
ment with chloroacetamide. 

II. Condensation of &-Ghloro-3~nitrophenylst4binic Add with 

Amines , 

S-NitroA-piperidinophenylstibinic Chloride Hydrochloride . — A solu- 
tion of 4-chloro-3-nitrophenylstibinic acid (3*28 g.) and piperidine 
(5*5 c.c.) in alcohol (20 c.c.) was boiled for 3 hours, and the solution 
poured into water. The orange precipitate (3-5 g.) was dissolved in 
warm glacial acetic acid (20 c.c.), and the cooled solution treated 
with concentrated hydrochloric acid (20 c.c.). The crystalline 
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precipitate was washed with a mixture of hydrochloric acid and 
acetic acid (1:1) and dried over sulphuric acid and solid potassium 
hydroxide. The stibinic chloride hydrochloride formed a colourless 
microcrystalline powder, decomp. 185 — 187° (Found ; Sb, 24*3. 
C n Hi30 2 N 2 Cl4Sb,HCl requires Sb, 24*1%). 

Z-NitroA-piperidinophenylstibinic acid hydrochloride , formed 
when the foregoing stibinic chloride was suspended in a large volume 
of water for several hours, was an orange amorphous powder 
(Found : Sb, 29*3. C u H 13 0 4 N 2 Sb,H 2 0,HCl requires Sb, 29*4%). 

Z-NitroA-piperidinophenylstibinic Acid . — The hydrochloride of 
the acid was dissolved in alcohol with 2A- sodium hydroxide ; the 
clear solution was acidified with acetic acid. After drying, the 
gelatinous precipitate was again washed with water to remove 
occluded salts and obtained as an orange amorphous powder, spar- 
ingly soluble in excess of dilute aqueous alkali (Found : Sb, 33*6. 
^nHi30 4 N 2 Sb,l/3H 2 0 requires Sb, 33*3%). 

Z-AminoA-piperidinophenylstibinic Acid (VI). — Reduction of the 
nitro-compound with stannous chloride yielded no crystalline pro- 
duct, but the aminophenylstibinic acid was readily formed when 
ferrous hydroxide was used. A solution of 3-mtro-4-piperidinophenyl- 
stibinie acid (3 g.) in alcohol (15 c.c.) and 6 A- sodium hydroxide 
(3 c.c.) was poured into water (150 c.c.), this procedure being adopted 
in order to obtain the substance in a finely divided state. More 
6 A- sodium hydroxide (30 c.c.) was added to the suspension, followed 
slowly by a. solution of ferrous sulphate (15 g. in 100 c.c. of water). 
After 1 \ hours the hydroxides of iron were removed and the filtrate 
was acidified with acetic acid. The gelatinous stibinic acid was 
purified through the stibinic chloride (obtained with ice-cold hydro- 
chloric acid) (Found: Sb, 36*5. C n H 15 0 2 N 2 Sb,l/3H 2 0 requires 
Sb, 36*3%). 

Z-AminoA-piperidinophenylstibinic acid formed a greyish powder, 
soluble in very dilute mineral acid or alkali, the solutions giving 
reactions for primary amine. The sodium salt was produced when a 
suspension of the acid (3 g.) in 50% alcohol (80 c.c.) was neutralised 
with sodium hydroxide, the filtered solution evaporated to dryness, 
the residue extracted with boiling methyl alcohol, and the extract 
evaporated to dryness. This salt was too sparingly soluble in 
water to be used for intravenous injection (Found : Sb, 33*9. 
CiiH 1 e0 3 N 2 NaSb requires Sb, 33*0%). 

Z-NitroA-ethybminophenylstibinic Chloride . — A solution of 4- 
chloro-3-nitrophenylstibinic acid (3*28 g.) in alcoholic ethylamine 
(12 c.c. of a solution containing 22 g, of ethylamine per 100 c,u) 
was heated at 120 — 130° for 3 hours. After cooling, an orange solid 
had separated consisting of the nitroethylaminophenylstibinic acid 



CONTAINING PHENYL AND QITINOLYL EADICALS. 


743 


mixed with antimony oxide. Tills crude product (1 g.) was ground 
under concentrated hydrochloric acid (20 c.c.) arid the crystals were 
washed with concentrated hydrochloric acid and dried over sulphuric 
acid and solid potassium hydroxide. Z-Niivo-^&hylmrimphmyl- 
stibinic chloride formed a buff microcrystalline powder with no 
definite m. p. (Found : Sb, 28*6. C 8 H 9 0 2 N 2 Cl 4 Sb requires Sb, 
28-4%). This stibinic chloride was immediately hydrolysed by 
water to the orange Z-nitroA-ethylaminophenylstibinie acid , obtained 
pure for analysis by acidifying a dilute solution of the ammonium 
salt with acetic acid (Found: Sb, 37*1. C 8 H 0 O 4 N 2 Sb,l/3H a O 
requires Sb, 37*4%). 

Z-NiiroA-meihylaminophenylstibinic chloride was obtained in 
precisely the same maimer as the ethylamino-compound from 
4-chloro-3-mtrophenylstibinic acid (3*28 g.) and 15% alcoholic 
methylamine(15c.c.) at 120 — 130° (Found: Sb,28*8. G 7 H 7 0 2 N 2 01 4 Sb 
requires Sb, 29*3%). 

III. Acetylation of 3- Amino AJwj dr oxyphenylMibinic Acid. 

The potassium salt (16 g.) of 3-nitro-4-hydroxyphenylstibiaio acid 
(Schmidt, Annalen , 1920, 421, 212) was reduced by sodium hydro- 
sulphite (D.R.-P. 270,488) to the amino-compound, which was 
suspended in water (12 c.c.) and acetylated by the gradual addition 
of acetic anhydride (9 c.c.). This treatment led to a clear solution 
and after 24 hours several volumes of acetone were added to preci- 
pitate the stibinic acid (VII or VIII). The substance formed a 
white amorphous powder extremely soluble in water with an acid 
reaction, insoluble in acetone, alcohol or glacial acetic acid, and 
yielding a sodium salt readily soluble in water (Found ; Sb, 37*8. 
C 8 H 8 0 4 NSb,H 2 0 requires Sb, 37*8%). 

IV. Quinolylstibinic Acids. 

The appropriate aminoquinoline (6 g. ; 1/24 g.-moL) in water 
(50 c.c.) and concentrated hydrochloric acid (20 c.c.) was diazotised 
at 0° with sodium nitrite (3 g,). The diazo-sohition was added 
slowly, with simultaneous addition of GiV-sodium hydroxide (20 c.c.), 
to an ice-cold sodium antimonite solution prepared from antimony 
trichloride (12*6 g,), GiV-hydrochloric acid (20 c.c.), and glycerol 
(20 c.c.), the resulting solution being treated with O-V-sodium 
hydroxide until the precipitate first formed had just redisnolved and 
then diluted to 800 c.c. After being kept at the ordinary temper- 
ature over-night, the solution was freed by filtration from the bulk 
of coloured by-products, and the filtrate acidified with acetic acid. 
The precipitate was suspended in concentrated hydrochloric aoid 
(50 c.c.) and the product was collected after an hour and washed 
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with concentrated hydrochloric acid. The stibinie ohloride, thus 
obtained free from antimony oxide, was decomposed by excess of 
dilute alkali, the stibinie acid being precipitated by acetic acid. 

Quinolyl-5-stibinic Acid. — The crude stibinie acid (2 g. from 6 g. 
of 5-aminoquinoline) was converted into stibinie chloride by addition 
of concentrated hydrochloric acid to its solution in dilute hydrochloric 
acid, and the stibinie acid regenerated in the usual way. A small 
sample (0-5 g.) was further purified for analysis by extraction with 
boiling methyl alcohol (200 c.e.). The filtrate was concentrated to 
small bulk, and the deposit washed with methyl alcohol and dried 
(Found: Sb, 40*6. C 9 H 6 0 2 NSb,H 2 0 requires Sb, 40*6%). This 
acid formed a buff powder very sparingly soluble in most media, 
although moderately easily soluble in glacial acetic acid and readily 
soluble in dilute acids or alkalis. The sodium salt was obtained by 
adding a slight excess of sodium hydroxide to an aqueous suspension 
of the free acid (2*5 g.). The excess of alkali was neutralised with 
hydrochloric acid, and the filtrate evaporated to dryness in a vacuum 
desiccator. The residue was extracted with alcohol (30 c.c.), the 
solution filtered to remove sodium chloride, and then evaporated 
to dryness. This sodium salt was readily soluble in water (Found : 
Sb, 39*6. C 9 H 7 0 3 l$ltfaSb requires Sb, 37*8%). 

Quinolyl-5-stibinic chloride hydrochloride , obtained when a solution 
of the purified stibinie acid in dilute hydrochloric acid was treated 
at 0° with concentrated hydrochloric acid, was a buff microcrystalline 
powder, m. p. 222° (Found : Sb, 28*2. 0 9 H 7 NCl 6 Sb requires Sb, 
28*4%). 

Quinolyl-Q-stibinic Acid. — The crude stibinie acid (2 g. from 6 g. 
of 6-a mm oquinoline) was purified through the stibinie chloride, and 
its filtered solution in methyl alcohol evaporated to dryness. The 
residual acid formed a buff powder moderately easily soluble in 
methyl alcohol and readily soluble in dilute acids or alkalis (Found : 
Sb, 40*1. C 9 H 6 0 2 NSb,H 2 0 requires Sb, 40*6%). The sodium 
salt, prepared and purified in the same manner as sodium quinolyl-6- 
stibinate, formed a straw-yellow powder readily soluble in water or 
alcohol (Found .* Sb, 38*8. C 9 H 7 0 3 NNaSb requires Sb, 37*8%). 

Quinolyl- 6 -stibinie chloride hydrochloride was obtained, by the 
addition of concentrated hydrochloric acid to an ice-cold solution of 
the stibinie acid in dilute hydrochloric acid, as a buff microcrystalline 
powder* m. p. 237° (Found : Sb, 28*5. C 9 H 7 NCLSb requires Sb, 
28*4%). 

QuinolylS-stibinic Acid (IX). — (a) Water-insoluble form. The 
crude acid (3*6 g. from 6 g. of 8-aminoquinoline) was purified in the 
same way as the 6-stibinic acid and formed a light brown powder 
moderately easily soluble in methyl alcohol, readily soluble in dilute 
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acids, but soluble only in excess of sodium hydroxide (Found : 
Sb, 41*3. O 0 H 6 O 2 NSb,2/3H 2 O requires Sb, 41*4%). 

(b) Water-soluble form. Purified quinolyl-8-stibinic acid (3 g.) 
was dissolved in 0*2iV-acetie acid (50 c.e.), and the solution evaporated 
to dryness. The residue was redissolved in water, and the solution 
again evaporated to dryness in a vacuum desiccator. The resulting 
light brown powder was readily soluble in water, addition of a drop 
of sodium hydroxide resulting in precipitation of the insoluble form 
(Found : Sb, 40*2. C 9 H 6 0 2 NSb,H 2 0 requires Sb, 40*6%). 

Quinolyl-8-stibinic chloride hyd/rochloride (X) separated, when 
concentrated hydrochloric acid was added to an ice-cold methyl- 
alcoholic solution of the stibinic acid, in small brownish needles, 
decomp. 200 — 210° (Found : Sb, 28*4. C 9 H 7 NCl 5 Sb requires Sb, 
28*4%). 

Chemical Besearch Laboratory, 

Teddindton, Middlesex. [Received, March 1th, 1080.] 


Cl . — A Synthesis of Certain Higher Aliphatic Com- 
pounds . Part III . A Variation of the Kelo-acid 
Synthesis , constituting an Improved Method for 
the Extension of Normal Carbon Chains . 

By (Mrs.) Gertrude Maud Robinson. 

In Part I of this series (Robinson and Robinson, J*., 1925, 127, 175), 
the synthesis of normal long-chain keto-aoids, 

CH 3 *[CH 2 V0H 2 -C0-[CH 2 ] n -C0 2 H, 
by the hydrolysis of condensation products of the form 

CH 3 *[CH 2 ] w *C( 00*CH 3 ) (C0 2 Et)*C0*[CH 2 V0O 2 Et 
was described ; the process gave only moderately satisfactory y ields, 
owing to the fact that a varying but always a relatively considerable 
amount of the acid, C0 2 H‘[0H 2 ]^*C0 2 H, was recovered. Under- 
lying this problem, the factors influencing the direction of fission 
of p-diketones are of fundamental importance, since it is clear that 
the recovery of the dibasic acid is due to hydrolysis initiated by the 
stage CH 3 *[CH 2 ] w *0(CO-CH 3 )(CO 2 Et)*CO*[CH 2 ] 7 rCO 2 Et 
CH 3 *[CH 2 ] m *CH(CO*CH ? )*CO a Et + C0 2 H*[CH 2 ],*C0 2 Et, which 
competes with the desired direction of change in which the acetyl 
group is removed as acetic acid. 

An example of such competition of acyl groups in the hydrolysis 
of p-diketones has been quantitatively studied by Bradley and 
Robinson (J., 1926, 2356), who found in a series of substituted 
dibenzoylmethanes, R*CO*CH 2 *CO*R', that hydrolysis by alkalis 
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occurred with production of the stronger of the acids, R*C0 2 H and 
R/*C0 2 H, in preponderating amount. 

This suggested two methods for the improvement of the yields in 
the keto-acid syntheses, namely, (a) the use of a (3-ketonic ester, 
R*C0*CH 2 ’C0 2 Et, such that R*C0 2 H is a stronger acid than acetic 
acid, and (6) the acylation of a substituted ethyl acetoacetate by the 
group related to the weakest possible acid; this could clearly be 
achieved by removing the terminal carboxyl group from the acyl 
group and introducing it at the end of the alkyl chain. Thus, 
an acid CH 3 *[CH 2 ] w *CH 2 *C0*[CH 2 ] ft *C0 2 H can be obtained by the 
hydrolysis of the complexes 

CH 3 *[CH 2 ] m *C(C0*CH 3 )(C0 2 Et)*C0*[CH 2 ] n *C0 2 Et 
or CO 2 Et-[CH 2 ] ft -rC(CO*GH 3 )(CO 2 Et)*C0-[CH 2 ] J)l + rCH 3 , and it 
was anticipated that the latter method would give the better yield 
because the dibasic. acids are stronger than the fatty acids. In view 
of the accessibility of ethyl acetoacetate, practical effect has been 
given to the proposal (6) only, and actually the new process consti- 
tutes a great improvement and is applicable to the transformation 
of an acid R*C0 2 H into R*C0-CH 2 '[CH 2 ] n ‘C0 2 H, the accessory 
starting points being ethyl acetoacetate and Br*[CH 2 ] ?i *C0 2 Et. It 
is known (Le Sueur and Withers, J., 1915, 107, 738) that Clemmen- 
sen’s method (Ber. 3 1913, 46, 1837) can be advantageously used for 
the reduction of long-chain keto-acids, so we may proceed from 
R*C0 2 H to R*[CH 2 ] w + 2*C0 2 H in a few simple stages, and can then 
repeat the process. The number of carbon atoms added in each 
stage of extension is limited only by the relative inaccessibility of 
the required w-bromo-acids, but ethyl co-bromodecoate can be 
obtained from sebacic acid and ethyl ca-bromoundecoate from 
undecenic acid (Walker and Lumsden, J., 1901, 79, 1191), so an 
extension of 11 or 12 carbon atoms in each cycle of operations is 
quite feasible. 

It is hoped that this development will be described in subsequent 
communications, and in the present memoir the conversion of 
certain acids, R*G0 2 H, into y-keto-acids, R*C0*CH2*CH 2 *C0 2 H, and 
the related alkylbutyrolactones is recorded. 

Undecoic, undecenic and elaidic acids were converted into the 
chlorides and condensed with the sodium derivative of ethyl aceto- 
suecinate in ethereal solution; the products were hydrolysed by 
means of dilute aqueous potassium hydroxide, at first in the cold 
and later on the steam-bath, and good yields of the keto-acids 
resulted. 

By using benzoyl chloride, (3-benzoylpropionic acid was obtained 
in about 41% yield, but P-o-mtrobenzoylpropionic acid could not 
be prepared by this method. This is in accord with anticipation 
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based on the theory already mentioned, and, from the same point 
of view, the failure to prepare a keto-dibasic acid by hydrolysing the 
ester CO 2 Et-0H a *C(CO-0H 3 )(CO 2 Et)<»iCH t J 8 -CO 2 Et is explicable. 
There is no further reference to these negative results in the experi- 
mental section. 

The preparation of a diketo-acid succeeded, but, again, the keto- 
acids are stronger than the fatty acids and, as expected, the yield 
was poor. For this example, 10 -ketotridecoic acid was synthesised 
by an application of the method of Parts I and II ; its chloride and 
ethyl sodioacetosuccinate afforded an ester, 

CH 3 -[CH 2 ] 2 -C0-[CH 2 ] 8 *C0*C(C0-CH 3 )(C0 2 Et)‘CH 2 *C0 2 Et, 
which on hydrolysis gave 4 : 1 3 - diketopalmitic acid. This acid is of 
interest in that, on reduction and dehydration, it should furnish an 
unsaturated palmitolactone, 

{ 0 1 

oh 2 *[ch 2 ] 2 'Ch:gh*[CH 2 ] 7 *ch*[CH 2 ] 2 *go, 

which, according to a recent patent (E.P. 292,962 of 1929), has been 
isolated from female secretory organs, and is claimed to be the 
physiologically active ovarian hormone. 

These statements, in view of the recent remarkable work of 
Butenandt (compare Ghem.-Ztg 1929, 938) on progynon, must await 
further confirmation ; several authorities have, however, expressed 
the view that there exists more than one ovarian hormone. 

5-Ketopalmitic acid has been obtained from lauryl chloride and 
ethyl sodio-a-acetoglutarate, followed by hydrolysis of the product ; 
the opportunity is taken to describe the 7- and 8 -ketopalmitic acids t 
which were obtained by applications of the method of Part I. These 
substances are the conceivable hydration products of palmitolie acid 
and have boon prepared in connexion with an investigation of the 
course of that reaction. 

Expjsbimental 

4 -KetomyriMic Acid , CHailCHaVCOiCHal/COaH.— Sodmm 
(2*3 g.) was granulated under toluene, washed with ether, and 
suspended in anhydrous ether (120 c.c.), and ethyl aeetosucemato 
(21*6 g.) gradually added, the solution of the sodium, being com- 
pleted by heating on the steam-bath for 10 minutes, A solution of 
undecoyl chloride (obtained from 17*6 g. of the acid by the action of 
pure thionyl chloride and removal of the excess of the reagent in a 
vacuum) in ether (20 c.c.) was slowly added to the cooled mixture, 
which was kept for 12 hours and then refluxed for 10 minutes. The 
product was isolated and agitated for 4f hours with aqueous 
potassium hydroxide (1200 c.c. of 4%). After acidification with 
acetic acid and isolation by means of ether, it was submitted to the 
action of boiling 5% sulphuric acid for 4 hours, and the hydrolysis 
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•was completed, by boiling with 8% sodium hydroxide solution for 
1 hour. The product crystallised from light petroleum (b. p. 60 — 
80°) in colourless plates (once crystallised; yield, 8-5 g. or 72%), 
m. p. 87° (Found : C, 69-7 ; H, 10-7. Calc, for C 14 H 26 0 3 : C, 69*4; 
H, 10-7%) alone or mixed with the specimen previously prepared by 
another method (Robinson and Robinson, J., 1926, 2204). 

o -90 

y-n-Decylbutyrolactone, CH 3 -[CH 2 ] 9 *CH-CH 2 'CH 2 . — A solution of 
4-ketomyristic acid (4 g.) in anhydrous ethyl alcohol (90 g.) was 
gradually added to sodium (7*5 g.) contained in a flask heated at 
150 — 160°. After 1| hours, the alcohol was evaporated, and the 
residue mixed with dilute hydrochloric acid. The product was 
collected by means of ether, boiled for 30 minutes with 15% hydro- 
chloric acid (120 c.c.) in order to ensure the formation of the lactone 
from the hydroxy-acid, washed in ethereal solution with aqueous 
sodium carbonate, freed from the solvent, and crystallised from light 
petroleum and later from methyl alcohol ; it formed long slender 
needles, m. p. 30 — 31° (yield, 2*7 g. or 71%) (Found: C, 74*3; 
H, 11*3. C 14 H 26 0 2 requires 0, 74*3 ; H, 11*5%). 

5-Retopalmitic Acid , CH 3 • [CH 2 ] 10 * CO * [CH 2 ] 3 * C0 2 H . — Ethyl sodio- 
aeetosuccinate dissolved in ether when prepared as described above, 
but ethyl sodio-oc-acetylglutarate separated as a colourless powder 
and the solution of the sodium was thereby hindered. 

The reaction in the present case was carried out in the usual 
manner, sodium (1*4 g.), ether (140' c.c.), ethyl oc-acetylglutarate 
(13*9 g.), and lauryl chloride (13*0 g.) being used; finally, the 
mixture was refluxed for 1 hour and the product isolated and shaken 
with 3% sodium hydroxide solution (850 c.c.) for 12 hours. The 
mixture was then concentrated on the steam-bath for 1 hour and the 
acid obtained by addition to ice and hydrochloric acid was crystal- 
lised from light petroleum, methyl alcohol and benzene, forming 
colourless plates, m. p. 88° (Found : C, 71*2 ; H, 11*2. C 16 H 30 O a 
requires G, 71*1; H, 11*1%), On reduction by means of sodium 
and absolute ethyl alcohol, and treatment of the product with 
boiling 15% hydrochloric acid, 5-ketopaJmitic acid furnished 
%-undecylvalerolactone, which crystallised from light petroleum in 
plates, m. p. 29*5— 30*0° (Found: C, 75*5; H, 11*8. 
requires C, 75*6; H, 11*8%). 

T-Ketopcdmitic Acid, CH 3 *[CH 2 ] 8 *CO*[CH 2 ] 5 *0O 2 H.— The condens- 
ation product from ethyl sodio-a-acetodecoate (16*5 g. of the ester) 
and 6-carbethoxyhexoyl chloride (13 g.), prepared in ethereal 
solution, was isolated and hydrolysed successively by agitation for 
5 hours with 3% potassium hydroxide solution (700 c.c.), by boiling 
with 5% sulphuric acid (500 c.c.) for 24 hours, and, after steam- 
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distillation for the separation of methyl w-nonyl ketone, by boiling 
“with 3|% potassium hydroxide solution for 6 hours. The acid, 
purified through its sparingly soluble sodium salt (4 g., or 22%) and 
then by crystallisation from light petroleum and from methyl 
alcohol, formed colourless plates, m. p. 78° (Found; C, 71*2; 
H, 11*0. O 16 H, 0 O 3 requires C, 7M ; H, 11*1%). 

8 -Ketopalmitic Acid, CH 3 -[CH 2 ] 7 -CO*[CH 2 ] 0 -CO 2 H.— By an applies 
ation of the method of Griin and Wirth (iter., 1922, 55, 2207) for the 
preparation of ethyl hydrogen sebacate, ethyl suberate (90 g.) gave 
ethyl hydrogen suberate (49 g.), which furnished 7-car betlioxy- 
heptoyl chloride, b. p. 182°/69 mm. (yield, 85%). 

The product from the interaction of ethyl sodio-2-acetononoate 
(22*8 g. of the ester) and 7-earbethoxyheptoyl chloride (22*2 g.) in 
dry ether was hydrolysed successively by shaking with 5% potassium 
hydroxide solution (400 e.c.) for 20 hours, by boiling with 5% 
sulphuric acid (400 c.c.) for 24 hours, and, after steam distillation, 
by boiling with 5% sodium hydroxide solution (250 c.c.) for 24 
hours. The sodium salt, which separated on cooling, was decom- 
posed ; the acid crystallised from methyl alcohol (yield, 5 g. or 18%) 
in plates, m. p. 77 — 78° (Found: 0, 70*8; H, 11*2. 
requires C, 71*1; H, 11*1%). The oily oxime was converted by 
sulphuric acid into an amide, m. p, 58°. 

The hydration of palmitolic acid should yield a mixture of 7- and 
8-ketopalmitic acids in which the latter should preponderate, for the 
reasons explained in Part II (J., 1926, 2205). 

The action of sulphuric acid, followed by that of water, on palmi- 
tolic acid has been studied by Bodenstein (Iter., 1894, 27, 3400), 
who obtained a ketopalmitic acid, m. p. 74°, the oily oxime of which 
yielded, on transposition, an amide, m, p. 57*5 — 58°. 

The freezing points of mixtures of 8-ketopalmitic acid and 7-keto- 
palmitic acid have been determined, and will be published in detail 
in connexion with a record of experiments on the hydration of 
palmitolic acid. It may be mentioned, however, that the freezing 
point of a mixture containing 30% of 7 -ketopalmitic acid is about 
0° lower than that of pure 8-ketopalmitio acid. Since it is certain 
that the 8-ketopaImitie acid is the major product of the hydration 
of palmitolic acid, it is apparent that the acid obtained by Boden- 
stein contained at most 30%, and may have contained as little as 
10 — 20%, of the isomeride. 

l-Keto-^-tetradecenoic Acid , CH 2 :CH*[CH 2 ] 8 *00*[CH 2 lyC0 2 K.— 
The condensation product from ethyl sodioacetosuccinato (21 g. of 
the ester) and undecenoyl chlorido (19*2 g.) was isolated and 
hydrolysed successively by agitation with 5% potassium hydroxide 
solution (1000 c.c.) for 8 hours, by boiling with 5% sulphuric acid 
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(700 c.c.) for 7 hours, and by boiling with 4i% potassium hydroxide 
solution for 4 hours. The mixture was acidified and steam-distilled 
in order to remove a little unchanged undecenoic acid ; the residual 
acid crystallised from light petroleum in colourless plates, m. p. 
79-5° (yield, 14-8 g. or 55%) (Found : C, 69-6; H, 9-7. C 14 H 24 0 3 
requires C, 70*0; H, 10*0%). 

y-A 9 -Decenylbutyrolactone was obtained in 89% yield by reducing 
the acid (6 g.) in anhydrous alcohol (150 g.) with sodium (10 g.) 
under the usual conditions and subsequent treatment with boiling 
15% hydrochloric acid. The lactone crystallised from light 
petroleum in needles, m. p. 26 — 27° (Found: C, 74*8; H, 10*7. 
C 14 H 24 0 2 requires 0, 75*0; H, 10*7%). A solution in chloroform 
absorbed bromine, and this lactone is quite different from the 
decylbutyrolaetone previously described. 
to&Tis-i-Keto-A lz -heneicosenoic Acid , 

gh 3 *[gh 2 ]/Ch:ch*[ch 2 ] 7 *co*[ch 2 ] 2 -co 2 h.— 

Elaidyl chloride (30-2 g.) and ethyl sodioacetosuccinate (from 21*6 g. 
of the ester) were brought into reaction in ethereal solution (200 c.c.) 
in the usual manner and after 12 hours the mixture was boiled for 
20 minutes. The product was agitated with 3% potassium hydr- 
oxide solution (1000 c.c.) for 8 hours and, after the addition of 30% 
aqueous potassium hydroxide (25 c.c.), the mixture was boiled for 
2 hours. The solid obtained on acidification was crystallised from 
light petroleum (b. p. 40 — 60°) ; after further purification through 
the sparingly soluble sodium salt and by crystallisation from light 
petroleum and then from methyl alcohol, the acid formed lustrous 
plates, m. p. 82*5° (yield, 49%) (Found : 0, 74*4; H, 11 1. C 21 K 38 0 3 
requires C, 74*6 ; H, 11*2%). 
y-A B ^Hejptadecenylbutyrolactone, 

I o 1 

ch 3 *[ch 2 ] 7 *gh:ch*[Oh 2 ] 7 *ch*ch 2 *oh 2 *co.— 

The foregoing acid (9*8 g.), dissolved in absolute alcohol (200 g.), was 
added in the course of 15 minutes to sodium (15 g.) heated in an oil- 
bath at 140 — 150°. The sodium disappeared after 1 hour, and the 
product was isolated and boiled for 1 hour with 15% hydrochloric 
acid (180 c.c.). After being washed in ethereal solution with aqueous 
sodium carbonate, the crude lactone was washed with a little light 
petroleum ; it then crystallised from this solvent (b. p. 40 — 60°) in 
colourless plates, m. p. 42° (yield, 6*1 g. or 65%) (Found : G, 784 ; 
H, 11*9. C 21 H 38 0 2 requires C, 78*3; H, 11*8%). The unsaturated 
nature of this substance was confirmed by noting its absorption of 
bromine in chloroform solution. 

lO-KetotridecoicAcid, CH 3 *[CH 2 ] 2 *C0*[GH 2 ] 8 *C0 2 H.— Ethyl sodio- 
2-acetobutyrate (from 31*6 g. of the ester) was prepared in dry ether 
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(250 c.c.), and 9-carbethoxynonoyl chloride (40 g.) gradually added 
to the solution, which was kept for 12 hours and then refluxed for 
20 minutes. The product was hydrolysed in the usual manner with 
cold 4% potassium hydroxide solution, boiling 6% sulphuric acid, 
and finally boiling 4% potassium hydroxide solution. The keto- 
acid was separated from sebaeie acid by crystallisation from light 
petroleum, but this was a tedious operation and the yield was poor. 
The white plates had m. p. 63° (Found : C, 68*6; H, 10*4. 0 13 H 24 0 3 
requires C, 68*4; H, 10*5%). 

4 : 13 -Diketopalmitic Acid , 

CH a *[CH 2 ] 2 *C0*[CH 2 ] 8 *C0*[CH 2 VC0 2 H.— 
10-Ketotridecoic acid (4 g.) was converted into its chloride by the 
action of thienyl chloride at 60°; decomposition occurred if the 
temperature was raised ; the excess of reagent was removed in a 
^vacuum. The interaction of the chloride with ethyl sodioaceto- 
succinate (4 g. of the ester) was carried out in the usual manner in 
dry ethereal solution, and the product was hydrolysed by shaking it 
for 12 hours with 3% aqueous potassium hydroxide (400 c.c.) and 
then concentrating the solution on the steam-bath for 1 hour. The 
acid precipitated on acidification crystallised from light petroleum, 
and then from ethyl acetate, in plates, m. p. 101° (Found : 0, 67*7 ; 
H, 9*8. C 16 H 28 0 4 requires C, 67*6; H, 9*9%). 

fi-Benzoylpropionic Acid . — The applicability of the general method 
was further confirmed by the preparation of this acid by the usual 
procedure. The product from ethyl sodioacetosuccinate (12*5 g. of 
the ester) and benzoyl chloride (8*8 g.) was hydrolysed by cold 1 J% 
aqueous potassium hydroxide (1200 c.c.) for 24 hours, and the 
solution concentrated on the steam-bath to about 100 c.c. The 
mixed acids were regenerated and collected and benzoic acid was 
removed by sublimation at 100°. The residue (4 g.), crystallised 
from benzene, had m. p. 116°, alone or mixed with a specimen 
prepared by the action of aluminium chloride on a mixture of benzene 
anti succinic anhydride. 

The author wishes to thank Professor R. Robinson for his interest 
in this investigation. 

University College, London. [Beccivcd, February 18 th, J 030. j 



752 KURODA : THE CONSTITUTION OV CARTHAMIN. PART I. 

Oil . — The Constitution of Carthamin, Part I. 

By (Miss) Chika Kuroda. 

Carthamin, the red colouring matter of safflower, was formerly an 
important dye, and although the demand for it has declined con- 
siderably since the advent of artificial colouring matters, the saf- 
flower is still cultivated on a large scale, especially in India and 
China. Notwithstanding its high cost, carthamin is much appreci- 
ated in J apan for certain purposes : it is believed to have remarkable 
medicinal properties. 

Malin {Annalen, 1840, 36, 117), Preiser (J. pr, Chem< 3 1844, 32, 
142), Schlieper {Annalen, 1846, 58, 357), Radcliffe {J, Soc, Dyers 
and CW., 1897, 13, 158), and Kametaka {J. Cham, Soc, Tokyo , 1906, 
27, 1202) investigated carthamin, but Kametaka and Perkin (J.,. 
1910, 97, 1415) were the first to isolate it in a pure crystalline con- 
dition. Both Preiser and Radcliffe, the latter using methyl alcohol 
as solvent, claimed to have isolated carthamin in a crystalline 
form; their descriptions, however, are somewhat contradictory. 
Kametaka and Perkin found methyl alcohol unsatisfactory as a 
solvent and obtained crystalline carthamin by using pyridine : 
they gave it the provisional formula C^H^O-^ and obtained 
p-hydroxybenzoic acid (this was first isolated by Malin), p-coumaric 
acid, ^-hydroxybenzaldehyde, and picric acid from it by various 
means, but were unable to prepare crystalline derivatives by methyl- 
ation, benzoylation, or acetylation; carthamin, however, gave 
crystalline additive compounds with aniline and with -naphthyl- 
amine. 

The author began an investigation of carthamin in 1924, but 
owing to the outbreak of civil war in China the supply of the raw 
material failed. During the last two years, supplies have again 
been available, and the author is also deeply indebted to Dr. Kame- 
taka, who provided her with material collected in China by Dr. 
Momoji Yamazaki. 

The initial substance used in the present work was a paste (sold 
as carthamin paste) prepared from the raw material by the tradi- 
tional method of Japanese manufacturers. The paste was submitted 
to filtration, and the residue quickly dried on porous tile. The 
product, when crystallised, with great loss, from pure pyridine by a 
modification of Kametaka and Perkin’s method {loc. cit .), gave 
carthamin, although not in a pure condition. When, however, 
the dried product was digested with cold dilute hydrochloric acid 
and again dried, it was converted into a crystalline substance which 
could be recrystallised from dilute methyl alcohol in good yield, 
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giving fine, yellow, hydrated needles, m. p. about 228° (dccomp. ; 
colour change at about 108°) (Sehlieper, loc . tiL, obtained from a 
methyl-alcoholic extract of commercial carthamin a yellow sub- 
stance, though not in a crystalline form, m. p. about 168°). When 
the yellow needles wore recrystallised from pyridine, a substance 
separated in red needles with a green iridescence, like those of 
carthamin obtained by Kametaka and Perkin. Many facts indicate 
that the red and the yellow substance are isomeric. The latter, 
named iso carthamin, gave analytical results corresponding to the 
formula C 21 H 22 0 11 ,2H 2 0 when freshly prepared and quickly dried, 
to C 21 H 22 O n after being dried at 00° under reduced pressure, and 
to C 21 H 20 O x0 (C 2 xH 22 0 1]L — II 2 0) after being dried at 100° under 
reduced pressure. The last formula also agrees with the analytical 
data recorded by Karnataka and Perkin (loc. cit p. 1418). 

Carthamin and isocarthamin are glucojsides. They can be 
hydrolysed by dilute sulphuric or hydrochloric acid or by omulsin, 
yielding glucose (1 mol.), but only when the hydrolysis is effected 
with dilute phosphoric acid can the other components of the gluco. 
sides, namely, carthamidin and iso carthamddin, bo ultimately 
obtained in the crystalline condition. These two substances are 
separable by means of moist chloroform, in which wcarthamidin 
is insoluble and carthamidin is slightly soluble. The latter separates 
from the solution in pale yellow, hydrated needles, C 15 H 12 O 0 ,H 2 O, 
m. p. 218°. ^oCarthamidin separates from dilute methyl alcohol in 
yellow, hydrated, rhombic crystals, m. p. 240°, which lose water at 
100° under reduced pressure. 

Carthamidin and ^carthamidin have phenolic properties : 
they can be acetylated, but are inert towards methyl iodide, methyl 
sulphate, and diazomethane. When they are reduced in methyl- 
alcoholic solution with magnesium and hydrochloric acid, they 
give a magenta coloration, resembling in this respect a flavonol 
such as quercetin. Their absorption spectra, however, differ from 
those of the flavonols, and also, on decomposition by alkali, they 
behave somewhat differently from quercetin in that they easily 
yield p-hydroxybenzaldehyde and ^-coumario acid, whereas 
quercetin under the same conditions gives, not the corresponding 
aldehyde, but protooateehiuc acid. It is interesting that naringin 
(the glucoside of naringenin), until recently considered to be a 
hydroxychalkone derivative, develops a red coloration on treatment 
in methyl-alcoholic solution with magnesium and hydrochloric 
acid (Tsujimura, Bull. Inst, Phys. Chtm. Res. Tokyo, VoL VI, 12, 
1111). On the other hand, phloretin, which is closely related to 
naringenin, gives on treatment with alkali the products mentioned 
below (Will, Ber. } 1885, 18, 1322 ; Michael, jBer., 1894, 27, 2687; 
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Sonn, j Ber., 1913, 46 , 4050 ; Franck, Cent r., 1914, II, 253). Dihydro- 
carthamin (IX), obtained from cartha mi n by catalytic reduction, 
gives phloretic acid when treated with hydrogen peroxide in alkali- 
carbonate solution. These relationships are shown in the following 
scheme : 


Naringenin*- 
| alkali 


catalytic redaction 


->Pliloretin 
I alkali 


4 * 

p-Coumaric acid 
^alkali 

Carthamin — 


4 " 

Phloroglucinol 
catalytic reduction 


Phloretic acid 

^ alkali d-HaOa 
-^Dihydroearthamin 


Phloroglucinol 


The author has so far been unable to prepare a polyhydroxy- 
benzene from carthamin and its derivatives : only monohydric 
phenols such as p-hydroxybenzaldehyde, tribr omophenol , and 
p-hydroxybenzoic, p-coumaric, phloretic, and picric acids — and these 
in poor yield — have been obtained. The following reactions of 
carthamidin and zsoearthamidin, however, indicate, not only the 
presence of a polyhydroxybenzene nucleus, but also, when compared 
with similar reactions of di- and tri-hydric phenols of known con- 
constitutions (see table on p. 761), the relative positions of the 
hydroxyl groups. (1) Ferric chloride in methyl-alcoholic solution 
produces a transient bluish-green coloration, changing to purple- 
brown, and finally a brown precipitate (compare quinol). (2) An 
aqueous solution of barium hydroxide gives a bright indigo-blue 
colour (a precipitate from concentrated solutions) and then a 
reddish-brown precipitate: this is a very delicate test. (3) Lead 
acetate in methyl-alcoholic solution produces a yellow precipitate 
which becomes brown and then bluish-green or dark green. (4) 
When carthamidin is rubbed on a watch-glass with a rod moistened 
with 2 A T - sodium hydroxide, it becomes blue and then reddish-brown 
(zsocarthamidin does not give this test). 

When the tests (1), (2), and (3) were applied to the di- and tri- 
hydric phenols of known constitutions, the relative positions of 
the hydroxyl groups were distinguishable in the following manner : 
(1) if two hydroxyls are in the ortho-position with respect to each 
other, precipitation occurs in all three tests ; (2) if there are two 
hydroxyls in the para-position with respect to each other, the 
substance gives a delicate colour change. Quinol and 2 : 4-di- 
hydroxy-I ; 3-dimethoxybenzene resemble carthamidin in their 
colour reactions in test (4). 

Iir^kW of these results, it is concluded that reactions (1), (2), 
and (3) show that hydroxyl groups in carthamidin must be arranged 
as those in hydroxyquinol, viz., one pair in the ortho relation, and 
another pair in the para relation, to each other. These two sub- 
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stances are also alike in their instability towards boiling water 
and on exposure to air. Numerous attempts were made to produce 
a polyhydroxybenzene from carthamin, isocarthamin, and carth- 
amidin by very cautiously decomposing them with hot aqueous 
barium hydroxide in an atmosphere of hydrogen; however, only 
p-coumaric acid, jp-hydroxybenzaldehyde, and an acid which 
appeared to be gluconic acid were isolated. The hydroxylated 
nucleus of carthamidin is therefore much more unstable than 
hydroxyquinoh Now, 1:2:3: 5-tetrahydroxybenzene is so un- 
stable that it is decomposed by boiling water, and its colour reaction 
with alkali given in the literature resembles reaction (4) of carth- 
amidin. If, then, this is the hydroxylated nucleus of carthamidin, 
the reactions described above and also the results of aeetylating 
carthamidin and ^ocarthamidin under various conditions (see 
below) become explicable. 



(For the reactions where no reagent is indicated, a mixture of 
sodium acetate and acetic anhydride was used.) 

Shortly after reaching the above conclusion regarding the con- 
stitution of carthamidin the author discovered that Chapman, 
Perkin, and Robinson (J., 1927, 3015) had shown that carajurin 
gave no appreciable quantity of polyhydric phenol on decomposition 
with alkali — a fact which in their opinion supported rather than 
discredited the constitution of a tetrahydroxybenzene derivative 
assigned to the substance. Hence it is concluded that carthamidin 
and isocarthamidin are hydroxyehalkone derivatives. It is in 
general difficult to distinguish hydroxychalkones from hydroxy- 
flavanones owing to their easy interconvertibility. According to 
Asahina, Shinoda, and Inubuse ( J . Pharm. Soc. Japan , 1928, 48, 
208, 868) the colour reaction (2) above is negative for hydroxy* 
ehalkones but positive for hydroxyflavanones, and on this ground 
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naringin and other similar substances were shown to be hydroxy- 
flavanones. Hence it follows that carthamidin also belongs to this 
olass of substance. The colour reaction (2) is also given by iso- 
earthamidin, K-acetylcaTthumidin, and a&tyli&ocarthcbinidin, but not 
by [3- and y-acetylcurihamidin. (3-AcetyIcarthamidin is a penta- 
acetyl derivative and a-acetylcarthamidin and acetylisocarthamidin 
are tetra-aeetyl derivatives. The analytical results are in complete 
accord with the following formulations of carthamidin and its acetyl 
derivatives. 



(I.) Carthamidin. (II.) a-Acetylcarthamidin. 


OAc 

AcO/^OAc CH — / N OAc 

w® 

AcO CO 

(III.) -Acetyl c a rlham i din . 


AcO/ V \(j:o 

\A/ ch 

AcO 9 

£P y 

HC-<^J>OA 

(IV.) y-Acetylcarthamidin. 


When _ rubbed with alkali [colour reaction (4) above], isoearth- 
anudm behaves like pyrogallol in that both turn brown without 
previously becoming indigo-blue • 1:2:3: 5-tetrahydroxybenzene 
behaves like carthamidin; and pyrocatechol becomes indigo-blue 
tne colour being fairly persistent. 

Hie structures of isocarthamidin and acetylisocarthamidin are 
probably (\ ) and (VI) respectively. 

HOI 1 \Z/° H ^ c O^ X | / \h-/~\°Ac 

Ac0 V/\ /CHa ^ 

H< ? CO Aea tO 

(V.) ^Carthamidin. (VX.) AcetyUsoearthamidm. 

• , Tbe constitutional change from a flavanone (I, II, V, VI) into a 
cha. e or 11140 a coumarin derivative (IV) which accom- 
panies the acetylation finds support in the analogies furnished bv 
nanngemn (Asahina, Shinoda, and Inubuse, he. cii.), for the former 
change and by phloretin and maclurin (Her., 1895, 28, 1393) for the 
Moreover, the absor Ption spectrum of p-acetyl- 
carthamidin (HI) resembles that of chalkone (phenyl styiyl ketone) 
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itself very closely, whereas the spectra of carthamidin and iso- 
carthamidin resemble the spectrum of naringin. 

The glucosides carthamin and asocarthamin are considered to 
have the formulae (VII) and (VIII) respectively (they may also he 
cis - and irans- isomerides), because by means of reactions (2) and (3) 
it can be shown that neither contains two hydroxyls in the ortho- 
relation and hence it is probable that the glucose residue is in the 
position indicated. Moreover, the glucosides yield ^-hydroxy - 
benzaldehyde very easily, whereas the components carthamidin 
and isocarthamidin do not under the same conditions. The 
difficulty of obtaining carthamidin from dihydrocarthamin may 
be explained by representing the latter by the formula (IX). 


0 . 


OG OG 

YY H gO H H0 Yf H s-O 0E 

or its quioliydrone 


Y 

H' 


OH 

(YXI.) Carthamin. 


HO CO 


(VIII.) isoCarthamin. 





'jOH £H a -<^_J>OH 


HO CO 

(IX.) Dihydrocarthamm. 
(G — the glucose residue.) 
The investigation is being continued. 


Experimental. 

Preparation of Carthamin . — The filtered dried product (20 — 25 g.) 
obtained from commercial carthamin paste (1 kg.) was in quantities 
of 5 g, extracted several times with pyridine (200 c.c. in all) on a 
water-bath ; the insoluble material was 25 — 30% of the whole. 
The extracts were concentrated under reduced pressure to small 
bulk, water was added, and the fine red needles that slowly formed 
were collected and washed with acetone (yield, 2 — 3 g,). The 
sample for analysis was submitted to the above purification at 
least three times and was then warmed with acetone and ether and 
dried at 100° under reduced pressure. The analytical results, 
the melting point, and other properties agreed with those recorded 
by Kametaka and Perkin (loc. cit.) and the substance was identical 
with a specimen of carthamin kindly supplied by Dr. Kametaka 
(Pound : C, 58-8, 57-8 ; H, 4*9, 4*8 ; ash, trace. Calc, for C^H^Ojo : 
C, 58*2; H, 4*6%). 
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Each crystallisation from pyridine caused the loss of almost 
half of the carthamin ; some of this was recovered by acidifying 
the fresh mother-liquor with sulphuric acid at 0°. 

Preparation of isoCarthamin. — Crude carthamin (5 g.) was di- 
gested with water (100 c.c.) and 12% hydrochloric acid (15 c.c.) 
and after several hours the solid was collected, washed with water 
and dried on tile (yield, about 4*5 g. There was no loss when 
purified carthamin was used in the digestion). When a little water 
was added to a hot methyl-alcoholic solution of the product, iso- 
cartbamin gradually separated in yellow needles (yield, about 50%) ; 
these were collected and dried quickly by washing with methyl 
alcohol and then with ether ; m. p. 228° (reddening at about 168°) 
(Found: C, 52-1, 52*0; H, 5*1, 5*2. C 21 H 22 0 n ,2H 2 0 requires 
C, 51*9; H, 5*3%. Found in material dried at 60° under reduced 
pressure : C, 55*7 ; H, 4*9. C^H^O-q requires C, 56*0 ; H, 4*9%). 
When isocarthamin was heated at 100° under reduced pressure, it 
changed into a brown substance resembling that obtained from 
carthamin under the same conditions (Found : C, 57*9 ; H, 4*8. 
Calc, for C^Ao : C, 58*2 ; H, 4*6%). 

isoCarthamin could not be obtained crystalline from ethyl- 
alcoholic solution, nor from methyl alcohol if the solution was con- 
centrated by distillation, even under reduced pressure : in order to 
recover iaocarthamin from such spoiled solutions, repetition of the 
treatment with hydrochloric acid is necessary. The yellow crystals 
of isocarthamin are stable in a sealed tube, but change to a red 
powder on exposure to air. ^oCarthamin is soluble in water, but 
the yellow solution, on standing or when boiled, becomes pink in 
the same way as an aqueous solution of carthamin. 

Decompos ition of Carthamin or iso Carthamin with Hot Dilute 
Hydrochloric Add . — When either substance was heated with 7% 
hydrochloric acid for 20 minutes, it changed into a black amorphous 
powder. The aqueous solution (1) yielded nothing crystalline to 
ether, (2) reduced Fehling’s solution, (3) gave no immediate pre- 
cipitate when treated with phenylhydrazine, the absence of mannose 
thus being indicated, (4) gave no results when tested for gluconic 
acid and pentoses by means of naphtharesorcinol and phloroglucinol 
respectively. 

Cflucosazone from Carthamin or isoCarthamin. — A mix ture of 12% 
hydrochloric acid (5 c.c.), isocarthairdn (or cartha min ) (0*55 g.), 
and water (5 c.c.) was heated on a water-bath for 1 hour, and the 
black product was washed with water. The filtrate and washings 
were neutralised with sodium carbonate, concentrated on a water- 
bath, and warmed with sodium acetate (0*57 g.) and phenyl- 
hydrazine hydrochloride (0*38 g.). Glucosazone, which separated 



KURODA : THE CONSTITUTION OE CARTHAMIN. PART I. 759' 

very slowly, after being washed and dried (yield, 0*055 g.), melted 
at 206°, alone or mixed with an authentic specimen (Found : C, 
60*2; H, 6*1. Calc. : C, 60*3; H, 6*2%). 

Determination of glucose. In a similar experiment (isoearthamin, 
0*2043 g. ; water, 4 c.c. ; 12% hydrochloric acid, 6 c.c.) the 
neutralised filtrate and washings were diluted to 100 c.c. with 10% 
aqueous ammonia and the glucose in the solution was estimated 
by Pavy’s volumetric method (Found : C 6 H 12 0 6 , 37*0, 36*9. 

C 21 H 22 0 11 ,2H 2 0 requires C 6 H 12 0 6 , 37*0%). The same result was 
obtained with carthamin. 

Optical rotation of the sugar solution . isoCarthamin (0*6 g.), 
water (6 c.c.), and 12% hydrochloric acid (9 c.c.) were heated to- 
gether as before, the aqueous solution was made up to 20 c.c. (it 
was assumed to be a 1*1% glucose solution), and the rotation was 
observed : [a]ff + 53° (calc., + 52*6°). The author wishes to thank 
Mrs. Okada and Miss Yamaguchi for their help in this experiment. 

Catalytic Reduction of Carthamin . — Carthamin (0*2 g.), suspended 
in ethyl alcohol (25 c.c.), was treated with hydrogen in the presence 
of palladium-black. The volume of the gas diminished during the 
first 10 minutes, then increased fairly rapidly to the original value, 
and thereafter remained almost constant. The carthamin gradually 
dissolved, giving a yellow solution. After 4 — 5 hours, the solvent 
was evaporated at the ordinary temperature and the residue, freed 
from the palladium, was kept in contact with a little water in an 
open vessel : fine yellow needles (probably hydrated) separated ; 
they were insoluble in benzene and chloroform, fairly readily soluble 
in acetone, and very soluble in methyl alcohol (yield, about 70%). 
The crystals became red on drying in a desiccator, but yellow again 
on exposure to the air. The combustion of the substance was 
sluggish, requiring 2 hours for completion even on the micro-scale 
(Found in material dried at 90° under reduced pressure : C, 55*0 ; 
H, 5*5. C^H^O-u requires C, 55*6; H, 5*3%), but the behaviour 
of the product on decomposition with alkali and hydrogen peroxide 
(see p. 763) convinced the author that it was actually dihydro - 
carthamin. 

Decomposition of Carthamin or iso Carthamin with Phosphoric 
Acid . — The powdered material (5 g.) was heated with a 9% aqueous 
solution of phosphoric acid (100 c.c.) on a water -bath for 40 minutes 
in a closed vessel, carbon dioxide being passed during the whole 
time. The liquid was filtered hot, cooled, extracted repeatedly 
with ether, and used again to decompose more of the residual 
solid : after four repetitions, only a small quantity of a black solid 
remained. The combined ethereal extracts were evaporated, 
leaving a residue which, after addition of a very little aqueous 
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acetone, slowly solidified to a yellow crystalline cake (yield, about 
30%). Subsequently it was found that the dry raw material 
obtained directly from the original carthamin paste may be used 
for the preparation of the same substance in good yield (about 15% 
of- the raw material). 

Isolation of carthamidin (I). The crystalline cake (above) was 
warmed with successive quantities of moist chloroform for a few 
minutes, until nothing crystallised from the rapidly filtered extract 
on cooling. Carthamidin was thus obtained in pale yellow needles 
containing one molecule of water (yield, 30% of the crude product), 
and sometimes also in long needles on repetition of the purification ; 
m. p. 218° (Found: C, 58*8, 58*9; H, 4*8, 4*4. C 15 H 12 0 6 ,H 2 0 
requires C, 58*8 ; H, 4*6%. Found in material heated at 100° under 
reduced pressure : C, 62-7 ; H, 4*4; If, ebullioscopic in acetone, 
298,286,270* C 15 H 12 0 6 requires C, 62*5 ; H, 4*2% ; If, 288). 

Carthamidin is very soluble in acetone, methyl alcohol, acetic 
acid, and ethyl acetate, but sparingly soluble in light petroleum, 
benzene, dry chloroform, and cold water. It crystallises from hot 
aqueous solution in the hydrated form, but is decomposed by pro- 
longed boiling : even at the ordinary temperature it seems to de- 
compose slowly in aqueous solution. 

When carthamin or isocarthamin was heated with 1% sulphuric 
or hydrochloric acid, no trace of carthamidin or isocarthamidin was 
produced. 

hoCarthamidin (Y). The residue left after the extraction of the 
carthamidin with moist chloroform was dissolved in the minimum 
quantity of acetone : on addition of chloroform (3 — 4 vols.), iso- 
carthamidin remained in solution but a dark resinous substance 
was precipitated,. The latter was repeatedly dissolved in acetone 
and reprecipitated with chloroform. When the combined filtrates 
were allowed to evaporate to dryness, somewhat rounded crystals 
were produced ; these were washed with ether and recrystallised 
twice from dilute methyl alcohol, fsoearthamidin being obtained 
in yellow hydrated prisms, m. p. 240° (Found in material dried at 
100° under reduced pressure : 0, 62*5 ; H, 4*3. CjgH-^Og requires 
0,62*5; H, 4*2%). 

When dihydrocarthamm was treated with dilute phosphoric acid 
under the same conditions as carthamin, no crystalline product was 
obtained. 

Carthamidin and i^ocarthamidin resemble each other very closely 
in many of their properties. The former seems to be converted 
into the latter under certain conditions; for instance, when it is 

* The author is indebted to Hr. Sliiba for carrying out these determinations 
of molecular weight. 
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heated with water in air or in a sealed tube at 100° or higher or with 
animal charcoal at 100° in aqueous solution. 

Reactions of Phenols (see p. 754). — A = ferric chloride in methyl- 
alcoholic solution; B = lead acetate in methyl-alcoholic solution; 
C = barium hydroxide in aqueous solution. 

Resorcinol 
Phloroglucinol 
Pyrocatechol 

Pyrogallol 

Quinol 

Hydroxy quinol 

2 : 4-Dihydroxybenzoie 
acid 

3 : 4-Dihydroxybenzoic 
acid 

2 : 5-Dihydroxybenzoic 
acid 

3:4: 5 -Trihydro xy- 
benzoic acid 
3:4: 5-Trihydroxy - 
acetophenone 

a -Acetylcarthamidin (II). — When carthamidin (0*1 g.), suspended 
in acetic anhydride (1 c.c.), was cooled and treated with a trace of 
concentrated sulphuric acid, reaction started immediately with 
evolution of heat. After several hours, water was added and the 
precipitate, which separated slowly, was collected, washed with 
water, and dried (yield, almost theoretical). This acetyl compound 
crystallised from methyl alcohol in colourless prisms, m. p. 158° 
[Found : C, 60-5, 60-3; H, 4-5, 4-4; CH 3 -CO, determined by 
Freudenberg’s method (Annalen, 1923, 433, 230), 36*4, 36*6; M , 
ebullioscopic in benzene, 425, 445, 470. C 15 H 8 0 6 (CH 3 *C0) 4 requires 

C, 60*5; H, 4*4; CH 3 -CO, 37*7%; M, 456]. It was very easily 
soluble in chloroform, benzene and acetone, fairly readily soluble 
in ether and methyl alcohol, and difficultly soluble in water. A 
methyl-alcoholic solution gave (1) no colour with ferric chloride, 
(2) a magenta colour (slowly) on reduction with magnesium and 
hydrochloric acid. When heated with hydrochloric acid in methyl- 
alcoholic solution, the acetyl derivative gave carthamidin, which 
was identified by its m. p. after being washed with ether to remove a 
red impurity. Acetylcarthamidin was optically inactive in benzene 
solution. 

AcetyliBOcarthamidin (VI).— This was prepared in almost theor- 
etical yield in the same way as a-acetylcarthamidin. It is easily 
soluble in benzene, chloroform, and acetone, sparingly soluble in 
D D 


A. 

No ppte. 

» 

Blue — >- green 
ppte. 

Green — brown 
ppte. 

Blue ^ brown 

ppte. 

Reddish-brown 


Blue ppte. 


B. 

No ppte. 


No ppte. 


No ppte. 
White ppte. 
No ppte. 


C. 

No change 

Light blue - — >- 
white ppte. 

Violet-brown 

ppte. 

Yellowish-brown 

ppte. 

Reddish-brown 

ppte. 

No change 

Light blue — >- 
white ppte. 

No change 


White ppte. Blue -ppte. 
Yellow ppte. Violet ppte. 
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methyl alcohol, and almost insoluble in ether. When ether or 
methyl alcohol is added to its chloroform solution, acetylisocciTth- 
amidin separates in fine, colourless, silky needles, m. p. 179° [Found : 

G, 60*5, 604; H, 4*5, 44; CH 3 -CO, 374; - M, ebullioscopic in 
benzene, 430, 442. C 15 H 8 0 6 (CH 3 -C0) 4 requires C, 60-5; H, 44 ; 
CH 3 *CO, 37*7 % ; if, 456]. 

The absorption spectrum of acetyh^ocartham id in and its behaviour 
towards ferric chloride and towards magnesium and hydrochloric 
acid are the same as those of a-acetylcarthamidin. 

The differences in melting point, crystalline form, and solubility 
in methyl alcohol and in ether of these two acetyl compounds are 
important as means of identifying carthamidin and isocarthamidin, 
which are otherwise difficult to distinguish from each other. 

$-Acetylcartha?nidi?i (III). — A mixture of carthamidin (0*1 g.), 
anhydrous sodium acetate (0*5 g.), and acetic anhydride (1*5 e,c.) 
was heated at 125 — 130° for 5 hours ; the product was then cooled 
and mixed with water. After the excess of acetic anhydride had 
been decomposed, the precipitate was collected, washed with Water, 
and dried (yield, nearly 0*14 g.). It crystallised from methyl 
alcohol in large rhombs, m. p. 142° [Found : C, 60*3, 60*3; H, 4*5, 
4*5; CH 3 -CO, 42*7, 42*1. C 15 H 7 0 6 (CH 3 -C0) 6 requires C, 60*2; 

H, 44; CH 3 *CO, 43*2%]. 

$-Acetylcarthamidin in methyl-alcoholic solution gives a colour 
reaction neither with ferric chloride nor with magnesium and 
hydrochloric acid* It is very easily soluble in chloroform and 
acetone and sparingly soluble in cold methyl alcohol and ether. 
It may also be obtained in almost theoretical yield from isocarth- 
amidin, a-acetylcarthamidin and acetyhsocarthamidin by the same 
method. ; 

y-Acetylcarihamidin (IV).— A mixture of carthamidin (0*1 g.), 
anhydrous sodium acetate (0*5 g.), and acetic anhydride (1*5 c.c.) 
was heated in an oil-bath at 140—150° for 5 hours : the procedure 
was then as described above, but a further quantity of the product 
was obtained from the aqueous filtrate by extraction with ether. 
y-Acetylcarthamidm separated from methyl alcohol in minute 
colourless crystals, m. p. 178°. The yield was poor (about 25%), 
became p-acetylcarthamidin and a decomposition product were 
also formed : these rendered the purification rather tedious (Found : 
C, 62-5, H, 4*3, 4*3. - C 25 H 20 O 10 requires G, 62*5; H, 4*2%). 
The compound may also be obtained from isoearthamidin, a-acetyl- 
carthamidin, and aeetyhsocarthamidin by the above method, 
thoi^hmpcor^ 

y-Aeetylcarthamidin resembles aeetyKsocarthamidin in appear- 
ance and- thehmelting points are almost the same* The two sub- 
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stances, however, differ in solubility in many solvents, particularly 
methyl alcohol and ether, in each of which the former is the more 
soluble and dissolves fairly readily. Its methyl-alcoholic solution 
gives a colour reaction neither with ferric chloride nor with mag- 
nesium and hydrochloric acid. 

Action of Hydrogen Peroxide on Carthamin {compare Kametaka 
and Perkin, loc. cit.). — A solution of carthamin (1 g.) in 1% aqueous 
sodium carbonate (60 c.c.) and 3% aqueous hydrogen peroxide 
(40 c.c.) was kept at the ordinary temperature until it became 
yellow ; it was then acidified with dilute’ sulphuric acid add ex- 
tracted with ether. The residue after evaporation of the ether was 
dried, extracted with hot benzene to remove a trace of _p-hydroxy- 
benzaldehyde, dissolved in hot water, and decolorised with animal 
charcoal; on cooling, p-coumaric acid crystallised (yield, about 
10%), m. p. 210° (Found: C, 65*9; H, 4*8. Calc. : C, 65*9 ; H, 
4*9%) ; 

Action of Hydrogen Peroxide on Quercetin.— The above operation 
was applied to quercetin, protocatechuic acid, m. p. 199°, being 
obtained in theoretical yield (Found : C, 54*3 ; H, 3*9. Calc. : 
C, 54*6; H, 3*9%). 

Action of Hydrogen Peroxide on Dihydrocarthamin and on Phloretin . 
— Dihydrocarthamin (0*2 g.) was treated in the same way as carth- 
amin (one-fifth quantities) . The product obtained after evaporation 
of the ether was pressed on a tile; the crystalline residue (about 
0*03 g.), m. p. about 125°, separated from hot concentrated aqueous 
solution (animal charcoal) in prisms, m. p. 129° (Found : C, 65*1 ; 
H, 6*1. Calc, for C 9 H l0 O 3 : C, 651 ; H, 6*0%). 

In a similar way phloretin gave phloretic acid (Found : C, 65*1; 
H, 5*9%) which, alone or mixed with the specimen obtained from 
dihydrocarthamin, melted at 129°. 

Action of Bromine Water on Carthamin . — When digested with 
bromine water (100 c.c.), carthamin (0*5 g.} yielded a yellow pre- 
cipitate (about 0*6 g.), decomp, about 146° (Found : C, 26*7 ; H, 
2 5i Br, 53*0%). This substance slowly changed into a brown 
resin and a small quantity of tribromophenol sublimed. When the 
substance was heated with 5% aqueous alkali and the acidified 
product distilled with steam, tribromophenol was obtained. 

Action of Alkali on Carthamin and its Decomposition Products . — 
The black amorphous powder produced by the decomposition of 
carthamin with dilute hydrochloric acid (see p. 758) (4*5 g.) was 
heated with potassium hydroxide (5 g.) and water (2 c.c.) at 160° 
for 30 minutes: The bluish-green product, when dissolved in water, 
became violet and then brown. The solution was acidified with 
dilute sulphuric acid, the precipitate {0*15 g.) removed, and the 
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filtrate extracted with, ether. From the extract, a substance (0*2 g.) 
was obtained which gave ^-hydroxybenzoic acid, m, p. and mixed 
m. p. 210°, on purification (Found : C, 60*8 ; H, 4*2. Calc. : C, 
60-9; H, 44%). 

Carthamin was heated with 5% aqueous caustic alkali and the 
solution was then acidified and extracted with ether ; ^-hydroxy- 
benzaldehyde and ^-coumaric acid were isolated, from the extract. 
When concentrated caustic alkali (about 20 % ) was used , only 
p -hydroxy benzaldehyde was obtained (compare Kametaka and 
Perkin, loo . tit.). When carthamin was fused with potassium 
hydroxide and a little water at 140°, a bluish-green mass was 
obtained from which 33 -hydroxy benz oic acid, m. p. 210°, was iso- 
lated in a yield of nearly 10%. Various concentrations of caustic 
alkali produced only ^-hydroxybenzaldehyde from carthamidin 
or isocarthamidin (even from 0-02 g.). 

Action of Hot Baryta Water on Carthamin . — Carthamin (3 g.) 
and hot saturated aqueous baryta (60 c.c.) were heated together 
on a water-bath for 5 hours in an atmosphere of hydrogen. Carbon 
dioxide was passed through the cooled liquid, the precipitate re- 
moved, and the filtrate extracted with ether : from the extract, 
p -hydroxy benz aldehyde (0*33 g.) was isolated. Dilute sulphuric 
acid was added to the aqueous liquid, the barium sulphate removed, 
and the filtrate extracted with ether : from this extract, p-eoumaric 
acid (0*24 g. ) was isolated. The aqueous liquid was now treated with 
basic lead acetate and, after filtration, with hydrogen sulphide. 
After further filtration it was concentrated by distillation under 
reduced pressure, a colourless, acidic, syrupy residue (about 0*5 g.) 
being obtained. This substance did not reduce Fehling’s solution 
and gave no colour reaction with ferric chloride. When it was 
heated, it swelled and charred, emitting an odour resembling that 
of burning tartaric acid or sugar. The substance, which appeared 
to be gluconic acid, was neutralised with potassium carbonate and 
the concentrated aqueous solution was treated with alcohol; the 
white crystals produced were washed with ether, and dried in a 
desiccator (Found : K, 16*0. Calc, for C 6 H n 0 7 K : K, 16*7%). 

The same process applied to isocarthamin gave the same products, 
but its application to carthamidin was not successful owing to the 
insolubility of the barium salt in water. 

Absorption Spectra of Carthamidin , iso Carthamidin, x-Acetyl- 
carthamidm, Acetylisocarthamidin , y-A cetylcarthamidin, Chalkone, 
and Naringin. — The spectra were photographed through the kind- 
ness of Mr. Sakuraii In each case the substance was dissolved in 
ethyl alcohol and concentrations of V/5000 — V/10000 were em- 
ployed, the iron arc being used as the light source. Carthamidin 
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and &ocarthamidin resemble each other closely and have bands 
with centres at about X 2900 A, Both substances cut off the violet 
end of the visible spectrum to nearly equal extents in N/5 000- 
solutions. The absorption spectrum of naringin has a general 
resemblance to that of carthamidin in N /10000-solution, a- Acetyl- 
cartha midin and acetyKsocarthamidin give similar absorptions, 
both having shallow bands with centres at about X 2600 A and 
transmitting the light rather more freely in the ultra-violet region. 
The absorption spectra of these two substances differ from that of 
(3-acetylcarthamidin, which, however, resembles that of chalkone 
to some extent, since it has a band with centre at about X 3000 A. 
All the absorption spectra seem to have some sharp narrow bands 
in the near ultra-violet region, but these are difficult to fix with 
certainty owing to the strong iron lines in their neighbourhood. 

The author desires to thank the Keimeikai Society and the 
Department of Education for grants and to express her appreciation 
of the helpful interest shown by Prof. Majima and of the assistance 
of Miss Inouye and Miss Matsuguma. She also has pleasure in 
acknowledging her indebtedness to Prof. W. H. Perkin for his 
valuable assistance in publication, and to Prof. A. G. Perkin for 
his kind criticism. 

The Institute of Physical and Chemical Reseabch, 

Komagome, . Tokyo. [Received, June l&th, 1929.] 


CIII . — The Constitution of Carthamin . Part II. 

Carthamidin Pentamethyl Ether and its Synthesis. 

By (Miss) Chika Kuroha. 

One of the chief hindrances to the study of carthamin and carth- 
amidin, namely, their resistance to methylation, has now been 
removed. p-Acetylcarthamidin (I) has been methylated by Freuden- 
berg’s method {Annalen, 1923, 433, 236) : the product, ^-carthamidin 
'pentamethyl ether (II), is identical with synthetic 2:3:4: 6-tetra- 
methoxyphenyl 4-methoxystyryl ketone. 

Carthamin, therefore, which has long been considered a specially 
complex colouring matter, is a member of a typical class, the 
hydroxychalkones : it may, however, assume the quinonoid (see 
formula VII of the preceding paper) or quinhydrone form. 

2:3 : 4 : 6-Tetramethoxyacetophenone (III) is produced in 
almost theoretical yield from 1 : 2 : 3 : 5-tetramethoxybenzene and 
acetyl chloride in the presence of aluminium chloride but in the 
absence of a solvent (compare Bargellini and Bini, Atti B. Accad. 
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Lincei , 1910, 19, 595; BargeUini, Gazzetta , 1914, 49, 47 ; Chapman, 
Perkin, and Robinson, J., 1927, 3020). 


OAc OMe 




Experimental, 


Methylation of $-Acetylcarihamidin. — 50% Potassium hydroxide 
solution (7 c.c.) was added with great caution to a solution of methyl 
sulphate (3 c.c.) and (3-acetyloarthamidin (0*2 g.) in methyl alcohol 
(15 c.c.) in an atmosphere of hydrogen : to complete the reaction, a 
little heat was supplied. When water was added to the product, 
$-carthamidin pentamethyl ether (II) separated as a fine precipitate 
(0*05 — 0*06 g.). A chloroform solution of the products of several 
preparations was evaporated and the methyl ether, obtained in 
prisms, was washed with ether and recrystallised from methyl 
alcohol; m. p. 112° (Pound : C, 66*8; H, 6*0. C2<>H 22 0 6 requires 
C, 67*0; H, 6*1%). 

ft-Carthamidin pentamethyl ether is almost colourless (very pale 
yellow) and is readily soluble in chloroform and benzene and fairly 
readily soluble in ether and alcohol ; it gives a red solution in con- 
centrated sulphuric acid, and is coloured red by concentrated hydro- 
chloric acid r showing distinct halochromy. 


Synthesis of p - Garthamidin Pentamethyl Ether (2 : 3:4: 6-Tetra- 
imthoxyphenyl k-Methoxysiyryl Ketone ) .—-Pyrogallol trimethyl ether 
was obtained by Ghapman, BerMn, and Robinson’s method (J., 
1927; 3028), the yield being much improved (26*3 g. ; m. p. 47°) 
when the following quantities were used : pyrogallol 20 g,, methyl 
alcohol 50 cn., methyl sulphate 45 c.c., 40% sodium hydroxide 
solution 90 c.c. It was converted by Graebe and Hess’s method 
{Annaie$% 9 1905, 340, 237) into 2 : 6-dimethoxybenzoquinone,; which 


gave 2 : 6-dimethoxyquinol on reduction with sulphurous acid. The 
product wastreated with benzene, which removed a nitrated impurity. 
When a crystal, of 2 ; 6-dimethoxyquinol is touched with 2i\T- 


caustic alkali on a watch-glass, an intense indigo-blue colour is 
produced which immediately changes to brown, r:; 
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1:2:3 5-Tetramethoxybenzene (2*1 g. ; m. p. 47°) was obtained 
when a mixture of 2 : 6-dimethoxyquinol (2 g.), methyl alcohol 
(5 c.c.), and methyl sulphate (5*2 c.c.) was treated with 40% sodium 
hydroxide solution (15 c.c.) in an atmosphere of hydrogen, a little 
heat being finally supplied. 

A mixture of the tetramethoxybenzene (2 g.) and acetyl chloride 
(4 c.c.)/ cooled in water, was gradually treated with powdered 
aluminium chloride (2 g.). When the product became semi-solid 
(after 20 minutes), ice was added; 2:3: 4 : 6-tetramethoxyaceto- 
phenone (2*2 g.) then crystallised in colourless needles. These 
were collected, digested with aqueous caustic alkali (which removed- 
only a trace of demethylated material), and washed with water 
(yield, 2*1— 2*2 g.). When much water was added to. its concen- 
trated methyl-alcoholic solution, . the ketone separated in long fine 
needles (Found: C, 60-1 ; H, 6-4; OMe, 51*1. Calc.: C, 60*0; 
H, 6*6 ; OMe, 51*7%). The oxime , prepared by heating a mixture 
of the ketone (0*3 g.), sodium acetate (0*25 g.), hydroxylamine 
hydrochloride (0*25 g.), and ethyl alcohol (4 c.c.) on a water-bath 
for 3 hours, crystallised from dilute methyl alcohol in colourless 
hydrated needles, m. p. 53 — 54° (Found: C, 53*1; H, 7*0. 
C 12 H 17 0 6 N,H 2 0 requires 0, 52*8 ; H, 7*0%). 

When a solution of the tetramethoxyacetophenone (1 g.) and 
anisaldehyde (0*7 g.) in methyl alcohol (6 c.c.) was warmed at 
50—60° with 50% potassium hydroxide solution (4 g.), the methoxy- 
chalkone gradually crystallised. After several hours, water was 
added and the crystals were collected and washed with water (yield, 
1*4 g.). The 2:3:4: 6-tetramethoxyphenyl 4-methoxystyryl 
ketone was recrystallised from methyl alcohol (Found: 0, 66*6; 
H, 6*0%). It then melted, alone or mixed with p-carthamidin 
pentamethyl ether, at 112° and agreed with this substance in all 
its properties. The absorption spectra of the two substances in 
N /5000- alcoholic solution, kindly photographed by Mr. Sakurai, 
the iron arc being used as a light source, .were identical in every 
respect. Both showed a very wide band with its centre at about 
X 3300 A. and another smaller band at about X 2700 A. Indications 
of sharp narrow bands were observed in both cases in the region 
about X 3800 A. 

The author desires to thank the Keimeikai Society and the 
Department of Education for grants. She also wishes to express 
her appreciation of the helpful interest shown by Prof. Majima 
and the kind assistance of Miss Matsuguma. 

The Institute op Physical Aim Chemical Research, 

Komagome, Toeyo. IReceived, November. 16th, 192&] 
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CIV . — Syntheses of Cyclic Compounds . Part VI. 
3- and k-Methyloyolohexanones. 

By Arthur Israel Vogel and Mariam P. Oommen. 

The principal object of the present investigation was to determine 
the influence of the substitution of a methyl group for hydrogen 
in the 3- and 4-positions upon the character and the configuration 
of the cyclohexane ring. The only previous work on this subject 
appears to be that of Birch and Thorpe (J., 1922, 121, 1821), who 
found that the bridged spzVo- compounds (I), where R^E^C is 3- 

BiSr ^9 (CN)*CO^ ; jjh R 1 ^ >c ^ 9(CN)-C0 2 H R 1 ^ C /9(CN)*C0 2 H 
R 2 ^N)(CN)<XT R 2 ^ ^C(CN)-C0 2 H R 2 rf 0H(CN)-C0 2 H 
(I.) (II.) OH (III.) 

and 4-methylcycZohexane. decomposed completely into the open- 
chain compound (III) on treatment with alkali under standard 
conditions, a result in contrast with that obtained with the un- 
substituted cycZohexane ring (R-jR^C = cyclohexane), where the 
spiro-compound (II) was produced (Birch, Gough, and Kon, J., 
1921, 119, 1315). It is doubtful whether this method of comparing 
stabilities of ring systems, in its present state, is of any great value; 
since all the compounds (I) with substituents, R 1 R 2 C, other than 
cyclohexane are converted into the open-chain compounds (III) 
under the conditions employed and no means have yet been found 
for distinguishing between the rates of fission of individual members 
of the series. The method adopted in the present research is that 
described by one of us (Vogel, J., 1928, 2010) for the comparison 
of substituent groups and ring systems. The cyano-esters (IV) 

(IV.) GRiR^CNJ-COaEt 9R 1 R 2 -CH(CN)*C0 2 Et 

(V.) CHR 1 R 2 *CH{CN)-C0 2 Et CR 1 R 2 -CH(CN)-C0 2 Et ( ) 

were prepared by the condensation of the ketones with ethyl cyano- 
acetate in the presence of piperidine and reduced in ethereal solution 
with moist aluminium amalgam ; the relative yields of the unimole- 
cular (V) and the bimolecular products (VI) are shown in Table I, 

Table I. 

CR 1 R 2 :C(CN)'C0 2 Et. Yield % (V). Yield % (VI). 

CHjR 2 — cycZopentane 79 13 

= eyciohexane 84 . 6 

= 3-methyleydphexane S3 6 

= 4-methylcycZohexane 87 4 

the values for the cycZopentane and cycZohexane compounds being 
included for purposes of comparison : in so far as the yields of the 
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bimolecular compounds — which owing to their relatively slight 
volatility are employed for comparative purposes — are concerned, 
there seems to be no essential difference in behaviour between the 
unsubstituted and the methyl-substituted cyclohexane rings. 

The unsaturated cyano-esters have the a|3-structure : the (3y- 
isomeride is present, if at all, in very small quantity. The (Sy- 
structures assigned to the cyano-esters derived from 3- and 4-methyl- 
cycZohexanones by Harding, Haworth, and Perkin (J., 1908, 93, 
1943) and by Harding and Haworth (J., 1910, 97, 486) require 
correction : the esters are completely reduced by moist aluminium 
amalgam and no definite evidence has been obtained of the presence 
of any appreciable quantity of unsaturated isomerides in the 
reduction products. 

Prolonged hydrolysis of the reduced cyano-esters (V) with alcoholic 
potassium hydroxide afforded the corresponding malonic acids, the 
constitution and saturated character of which were proved by their 
synthesis from the iodides and ethyl sodiomalonate (compare 
Zelinski and Alexandrow, Ber 1901, 34, 3885). 

Some physical properties of the pure ketones * are recorded in 
Table II (compare Schoorl, Rec . trav. chim ., 1929, 48, 935). The 


B. p. (mm.) 

< - 

^o° 

[RlId (obs.) . 
C-®jd1d (calc.) 

y20° 

[P] (obs.) . 
[P] (calc.) . 


Table II. 
cy cfoHexanones . 

3-Methyl. 


2-Methyl. 

165°/757 

1-4484 

0-9261 

32-45 

32-34 

31-99 

288-2 

288-1 


169°/748 

1-4463 

0-9141 

32-69 

32-34 

31-23 

290-0 

288-1 


4-Methyl. 

171°/747 

1*4455 

0-9151 

32-61 

32*34 

31-04 

289*6 

288*1 


refractive indices were measured at about 20°; the exact temper- 
atures are given in the Experimental section. The surface tensions 
and the densities were determined over a range of temperatures 
and have been reduced to 20°, a linear variation with temperature 
being assumed. The parachors, [P] (obs.), were calculated by the 
usual formula. The parachors, [P x ], for the corresponding cyclic 
hydrocarbons can be evaluated from the observed values for the 
cyclic ketones by substituting Sugden’s values of 2H for IO. If, 
now, from these the parachor for the simple cyclohexane ring be found 
by replacing the value for CH 3 by that for H, the contribution per 

* The results for 2-methylcycZohexanone have been included for the sake 
of completeness, 

DD 2 
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CHg group, [P'^/w], which is an important criterion of the con- 
figuration of the ring (Vogel, J., 1928, 2018), can be calculated : 
the results (Table HI, which includes the previous results for the 

Table HI. 

6-Ring. 2-Methyl. 3-Methyl. 4-Methyl. 

[PJ 242*4 27S-2 281*0 280*6 

[P'-Jn] 40*4 40*0 . 40*3 40*3 

unsubstituted 6-ring) are in close agreement with that obtained 
from the observed parachor for the simple cycfchexane ring and thus 
provide further support for the view that there is no essential 
difference in configuration between the unsubstituted cyclohexane 
ring and that present in 3- and 4-methjlcycZohexanones. 

Experimental. 

The 3- and 4-methylcyefchexanones used were the pure products 
supplied by the Deutsche Hydrierwerke Aktiengesellschaft. 

4:-MethylcycloJiexa?ie Series . 

Ethyl 4-methylcyefchexylidene-l-cyanoacetate was prepared by 
the condensation of 4-methylcycZohexanone and ethyl cyanoacetate 
in the presence of piperidine (Harding, Haworth, and Perkin, 
loc. ciL) in ca. 60% yield. It had b. p. 172° /2I mm. (Harding, 
Haworth, and Perkin give b. p. 165 — 168°/14 mm.), d 2 p° 1*0227, 
*8* 1*4882, [PJ D 58*38 (calc., 56*42). 

Ethyl T-4:-MeiJiylcyclohexyl- 1 -cyanoacetate (as V).— The preceding 
ester {100 g.) was reduced with 150 g. of moist aluminium amalgam 
in ether (Vogel, J., 1927, 594; 1928, 2010) : there was a period of 
induction of about 1*5 hours and the reaction was complete after 
7 hours. The product was worked up in the usual manner and 
distilled, ethyl rA-Tnethylcyelohexyl-l-cyanoacetate (87 g.) passing 
over at 160 — 169°/21 mm. (more than 90% at 163°/21 mm.). The 
viscid residue, having been washed several times with light petroleum 
(b. p. 40—60°), crystallised when left over-night In a vacuum over 
concentrated sulphuric acid (yield, 4 g.) ; it melted at 75° (softe nin g 
at 65°) and was the bimolecular cy ano-ester (Pound : M } in camphor, 
421. requires Jf, 418). The liquid reduction product 

afteri redistiff atioh had b. p. 162°/20 mm., d*?* 1*0018, wf 2 ’ 1*4585, 
whence 57-03 (calc., 56-89) {Pound: C, 68*6; H, 9*1. 

Ci 2 H ;s O^ requires C, 68*8; H, -9*2%). 

4tM^hyleyclxihe3cyl-l -malonic ^4c^.— Solutions of ethyl 4-methyI- 
cycZohexyl-l^cyanoacetate (30 g.) in rectified spirit (160 g.) and of 
potassium hydroxide (100 g.) in water (100 g.) were mixed, heated 
on the steam-bath for 24 hours (the evolution of ammonia had then 
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ceased), and evaporated to dryness. The residue was triturated 
several times with ether to remove any unchanged ester and 
acidified with dilute sulphuric acid ; 4-methylcycZohexyl-l-malonic 
acid, m. p. 172°, precipitated in almost quantitative yield, had 
m. p. 182 — 183° after several crystallisations from formic acid 
(d 1-2) (Hope and Perkin, J., 1909, 95, 1367, give m. p. 177—178°) 
(Found : equiv., by titration with baryta, 101. Calc., 100). An 
additional small quantity was extracted by ether from the filtrate 
after saturation with ammonium sulphate. 

Synthesis of 4:-Methyleyclohexyl-l-malonic Acid from 4- Methyl - 
cyclohexyl Iodide and Ethyl Sodiomalonate.— 4-Methylc2/cZohexanone 
was reduced with sodium and moist ether (compare Bentley, J., 
1895, 67, 264) to the alcohol, b. p, 174° /760 mm. This (116 g.) 
was treated with red phosphorus (9*5 g.) and iodine (90 g.), rise of 
temperature being prevented, and after 12 hours the whole was 
heated on the steam-bath for 2 hours, and ^-methylcyclohexyl 
iodide isolated in the usual manner (compare Bentley, loc. cit.). It 
had b. p. 63°/3*5 mm., 1*5086, n^ a 1*5325, whence [R L ] D 
46*04 (calc., 45*13) (Found : I, 56*6. C 7 H 13 I requires I, 56*7%). 
When freshly distilled, the iodide is a colourless mobile liquid with 
a characteristic odour. 

The reaction between 4-methylcycfohexyl iodide (127 g. ; 1 mol.) 
and ethyl sodiomalonate (2 mols. : * compare Zelinski and Alexand- 
row, loc. cit. ; prepared from 90*7 g. of ethyl malonate, 13*05 g. of 
sodium, and 200 c.c, of dry alcohol) was carried out in the way 
described by Hope and Perkin (J., 1909J, 95, 1363). The product 
on distillation gave first ethyl malonate and 4-methylcycfohexyl 
iodide;, ethyl 4-methylcycfohexyl-l-malonate then passed over at 
164 — 168°/29 mm. On redistillation, it boiled at 161 — 163°/18 mm. 
(Hope and Perkin give b. p. 163 — 165°/20 mm.) ; yield, 75 g. or 
55%. ' ''' : ^ j;— ■ -■■■'■' • ' ■ 

The acid obtained by the hydrolysis of the ester with alcoholic 
potassium hydroxide on the steam-bath melted, after three crystal- 
lisations from formic acid, at 182— 183° (decomp.) (Found : equiv., 
by titration, 100*5) and was identical (mixed m. p.) with 4-methyl- 
cyclokexyl- 1 -malonic acid prepared as described above. From the 
filtrate from the precipitated acid, saturated with ammonium 
sulphate, ether extracted about 2 g. of an acid, m. p. 100 — 110°, 
and 110° after recrystallisation from benzene : this was probably 
impure r-3-methylc^efchexyI- 1 -malonic acid (m. p. 120 — 121° ; 
mixed in. p. 116—117°) (Found : equiv., 101), but the quantity 
was too small for identification. 

♦ A- slightly smaller yield was obtained with equimolecular quantities. 
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Z-Methylcyclohexane Series . 

Ethyl 3-methyleycZohexylidene-l-cyanoacetate was prepared in 
ca . 60% yield by the condensation of the ketone with ethyl cyano- 
acetate in the presence of piperidine (Harding and Haworth, loc . 
ciL) and had b. p. 160 — 163°/15 mm. A middle fraction prepared 
for analysis had b. p. 163°/16 mm., df v 1*0288, fig' 10 1*4914, whence 
[B l ] d 58*36 (calc., 56*42) (Found: C, 69*2; H, 8*2. Calc.: C, 
69*5; H, 8*3%). 

Ethyl T-3-Methylcyclohexyl- 1 -cyanoacetate. — The preceding ester 
(100 g.) was reduced with 150 g. of moist aluminium amalgam in 
ether (7 hours). The product gave on distillation ethyl x-3-methyl- 
cyclohexyl-l-cyanoacetate (83 g.), which passed over at 150 — 153°/ 
15 mm., mainly at 152°/15 mm. The residue crystallised after 
being treated with light petroleum (b. p. 40 — 60°) in the manner 
detailed for the 4-methyl compound ; yield, 6 g. It had m. p. 76° 
(softening at 65°) and was probably a mixture of isomeric bimole- 
cular cyano-esters (Found : M, in camphor, 416. C 24 H3 6 0 4 N 2 

requires M, 418), The liquid reduction product after redistillation 
had b. p. 152°/15 mm., df*’ 1*0022, *ig‘ 4 “ 1*4586, whence [£ Z ] D 
57*02 (calc., 56*89) (Found : C, 68*4; H, 9*1. C 12 H 19 0 2 N requires 
C, 68*8; H, 9-2%). 

T-3-Methylcyclohexyl-l-malonic Acid . — The hydrolysis of ethyl 
3-methylcydohexyl-l -cyanoacetate was effected (36 hours) as 
described under the 4-methyl compound. The resultant oily acid, 
crystallised twice from benzene, formed needles, m. p. 115 — 116° 
(rapidly heated), 120 — 121° (slowly heated) (Found: 0, 60*3; H, 
8*1 ; equiv., 99. C 10 H 16 O 4 requires C, 60*0; H, 8*1% ; equiv., 100), 
T-3-Methylcyclohexyl-l-malo?iic acid is soluble in water, chloroform, 
ether, and formic acid ; it is sparingly soluble in dilute hydrochloric 
acid and in benzene when cold but dissolves readily on warming 
(the corresponding 4-methyl compound is very soluble in ether, 
but dissolves readily in water, chloroform, and formic acid only 
when warm). The presence of an isomeric acid could not be de- 
tected. 

Synthesis of T-3-MethyleyclohexylA-malo?iic Acid from Z-Methyl- 
cyclo hexyl Iodide and Ethyl Sodiomalonate . — In the ways already 
indicated, 3-methylcycfchexanone was converted through the alcohol, 
b. p. 17477 60 mm., into 3-methylcycfohexyl iodide,* b. p. 61—63°/ 
3 mm. (3^oevenagel,,Amtafeft, 1897* 297, 154, gives b. p. 82—83°/ 
10 mm.) (yield, almost quantitative), a colourless mobile liquid 
with a characteristic odour when freshly distilled. 

The condensation with ethyl sodiomalonate was carried out, in 
* This probably contained some of the 4-methyl iodide (see p. 773). 
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the manner already described, with 97 g. of the iodide, 10 g. of 
'sodium, 200 c.c. of dry alcohol, and 138 g. of ethyl malonate. The 
product, b. p. 159 — 163°/19 mm. (45 g.), hydrolysed with twice the 
calculated quantity of alcoholic potassium hydroxide, gave an 
almost quantitative yield of oily acids, which solidified on trituration 
with benzene. The acids were treated with cold formic acid : the 
insoluble portion, recrystallised three times from hot formic acid, 
melted at 182 — 183° and its identity with 4-methylcycZohexyl- 
1 -malonic acid was confirmed by direct comparison and by a mixed 
m. p. determination (Found : equiv., 99) ; the soluble portion was 
evaporated to dryness on the steam-bath, the resultant oil tri- 
turated with a small quantity of benzene, and the solid thus obtained 
treated with cold formic acid. The residue obtained on evaporation 
of the filtrate melted at 110 — 111° after several crystallisations 
from benzene (Found: C, 60*1; H, 8-1%; equiv., 99*5). This 
acid resembles r-3-methylcycZohexyl- 1 -malonic acid, prepared from 
the cyano-ester, very closely in properties (solubility, crystalline 
form, etc.) and is probably identical with it; a mixture of the two 
melted at 117—118°. There appeared to be a very small quantity 
of an isomeric acid present which could not be removed by fractional 
crystallisation from common organic solvents. 

In order to put the surprising nature of the above result, viz., 
the formation of approximately equal quantities of 3- and 4-methyl- 
cycZohexylmalonic acids in the condensation of 3 -methylcy cZohexyl 
iodide and ethyl sodiomalonate, beyond all question, the whole 
experiment was repeated with pure 3-methylcycZohexanone prepared 
from the semicarbazone, m. p. 189—190°. (The ketone employed 
for the above experiments gave a quantitative yield of a semi- 
carbazone, m. p. 186°, and 189 — 190° after tw r o crystallisations 
from dilute methyl alcohol.) The pure ketone was successively 
converted into the alcohol, b. p. 173°/760 mm., the iodide, b. p. 
61 — 62°/3 mm., and ethyl methylcycZohexylmalonate, b. p. 158— 
162°/22 mm., mainly 160°/22 mm. (47 g. of the iodide furnished 
23 g. of the malonic ester). The ester on hydrolysis gave the same 
mixture of acids as before. This remarkable reaction will be more 
fully investigated : possibly, during the conversion of 3-methyl- 
cycZohexanol into the iodide and under the influence of the phos- 
phorus iodides present, dehydration occurs, followed by addition 
of hydrogen iodide in the two positions leading to the formation of 
3- and 4-methylc2/cZohexyl iodides. 

Determination of Surface Tensions and of Densities over a Range 
of Temperatures. Calculation of the Parachor . 

The apparatus and procedure employed in these determinations 
were those already described (Vogel, J., 1928, 2027). The correction 
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for the me nis cus was 0*24 mm,, and the mean constant K 1*8746. 
The symbols in the tables have already been defined (Vogel, Zoc. 
cit). 

All the ketones were regenerated, by means of oxalic acid, from 
the semicarbazones, which had been recrystallised from rectified 
spirit until the m. p. 5 s were constant. 

%-Methylcjclohexanone, M = 112-10, b. p. 165°/757 mm., 
1*4484, df* 0*9255, whence [J8 z ]d 32-45 (calc., 32*34). Semi- 
carbazone, m. p. 195 — 196°. 

Densities determined : 0-9270; 0-8927; d$* 0-8756. 


t. 

h. 

H . 

di: 

y. Parachor. 

22*3° 

18*55 

18*31 

0*9253 

31*76 287*6 

61*4 

16*84 

16*60 

0-8927 

27*78 288*3 

81*6 

16*04 

15*80 

0*8770 

25*98 288*6 

Mean 288*2 


3-MetJiylcYclohexanone, M = 112*10, b. p. 169°/747*5 mm., 
d 1 / 7 * 0*9151, 1*4463, whence 32*69. Semicarbazone 

(also recrystallised twice from methyl alcohol), m. p. 191°. 

Densities determined : d 1 ^ 0*9155; c^' 8 ° 0*8816; df?' 1 * 0-8636. 


t. 

h. 

H. 

4 * 

y. Parachor. 

21*5° 

18*40 

18*16 

0*9129 

31*08 289*9 

63*1 

16*62 

16*38 

0*8806 

27*04 290*3 

83*5 

15*62 

15-38 

0-S64S 

24*93 289*7 

Mean 290*0 


^Methylcydloheaxmone, M — 112-10, b. p. 171°/747 mm., d$ r 
0*9159, 1-4455, whence [R L ] D 32*61. Semicarbazone, m. p. 

197°. 

Densities determined : d l p° 0*9164; df*° 0*8831 ; 0*8648. 


t. 

h. 

H. 

<&. 

y- 

Parachor. 

20*2° 

18*33 

18-09 

0*9148 

31-02 

289-2 

62*6 

16*62 

16*38 

0-8831 

27-05 

289-6 

84*3 

15*76 

15-52 

0-8658 

25-19 

290-0 
Mean 289-6 


In conclusion, the authors wish to express their thanks to Pro- 
fessor J. F. Thorpe, F.R.S., and to Dr. M. A. Whiteley for their 
kind interest in this investigation, and to the Chemical Society for 
a grant which has helped to defray its cost. 

Impe ria l College op Science and Technology, 

London, S.W.7. [Received, December 9th , 1929.] 
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CV . — The Chemistry of the Three-carbon System . 
Part XXIV • The Regeneration of Esters from 
their Sodio-derivatives'. 

By Wilereb Eynon Hugh and George Armand Robert Ko tst. 


It has already been suggested that the function of activating groups 
in enhancing the mobility of a three- carbon system is connected 
with the capacity of the mobile hydrogen to enter such groups 
(compare Kon and Speight, J., 1926, 2727). Bor instance, the 
rapid interconversion of ap- and Py-unsaturated ketones in presence 
of sodium ethoxide is no doubt due to the formation of the sodio- 
derivatives of the enolic form of the ketone ; or, in terms of the ionic 
hypothesis of tautomerism, the change proceeds through the estab- 
lishment of an equilibrium between the ions of the two keto-forms 
and the common enol ion (Ingold, Shoppee, and Thorpe, J., 1926, 
2477; Linstead, J., 1929, 2498). There are thus two equilibria — 
one involving only the keto-enol system of the activating group, 
the other the three-carbon system as well. 

One of the chief differences between keto-enol and three-carbon 
systems is the greater mobility of the former ; it should, therefore, 
be possible to realise conditions under which only the keto-enol 
change can proceed to completion, without causing mobility of the 
adjacent three-carbon system and thus giving rise to a “ false 
equilibrium. 55 This would be expected in systems sufficiently 
acidic to form stable enols and in the absence of polar catalysts. 
For instance, if the ap -unsaturated ethyl cydopentylidenemalonate 
(I) were converted into the sodio- derivative, which is necessarily 
derived from the py-form, and hydrogen could be introduced in 
place of sodium under conditions precluding complete equilibration, 
the enol produced should be converted into its own keto-form, 
which is the hitherto unknown $y-isomeride (II). 




:h 2 -ch* 


0 2 Et 




/ONa 
OEt 


(I.) 


OgEt 

^>0-CH<^gJ5 (HO 

The ester (I) and ethyl a-cyanocycZohexylideneacetate (EH) were 
chosen for the investigation;, in addition,' ethyl a-cyano-fi-ethyL 


cmnamate (IV) and ethyl a-cyano- and a.-carbethoxy-y-phenyl-$-methyl- 
butenoates (V) and (VI) were prepared : 


(fid.) 





CHP1 

Mi 


COJEt 


(VI.) 
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Although the results so far obtained are of a preliminary character, 
they show that it is possible to arrest three-carbon tautomerism to 
some extent whilst allowing keto-enol equilibrium to be established 
in the manner suggested. The method adopted consists in forming 
the sodio- derivative of tiie ester, preferably in a neutral solvent, 
and decomposing it by the addition of a weak organic acid such as 
benzoic acid, at a low temperature; after removal of the sodium 
benzoate, the ester is isolated by evaporation of the solvent, some- 
what on the lines of Knorr’s classical work on ethyl acetoacetate. 

Negative results were always obtained with the eyano-ester (III), 
but the ester (I) gave definite indications of a change. The ester 
obtained from the sodio-derivative not only had a lower boiling 
point, density, and refractive index, but showed a considerable 
inciease in additive power towards iodine chloride : all these pro- 
perties are consistent with the Sy-unsaturated structure. Oxidation 
with ozone led to a substance having the properties both of an 
aldehyde and of a p-ketonic ester, as would be expected from such 
a structure. 

Even careful hydrolysis of the new ester gave the original acid 
and no isomeride has yet been obtained. 

Although esterification of the pure acid by way of its silver salt 
(Kon and Speight, loc. cit.) leads to the pure a (3-ester (I), esterific- 
ation in presence of a strong mineral acid gives an ester containing 
a considerable quantity of the Py-form, in some cases as much as is 
present in the ester prepared by regeneration from the sodio- 
derivative. The esters obtained by different processes differ con- 
siderably in properties ; that obtained by the direct condensation 
of cycZopentanone with ethyl malonate is mainly the a (3 -ester, 
whereas acidification of the sodio-derivative in alcoholic solution 
without special precautions yields an ester containing a considerable 
proportion of the (3y-form : this “ equilibrium ester ” appears to 
have a fairly constant composition; it is difficult to estimate the 
proportion of the two isomerides in it by the iodometric method, 
as the pure py-ester has in all probability not been obtained. 

It was hoped to gain a means of comparison by determining the 
iodine addition of the pure py-ester of the cyclohexane series (ethyl 
C2/cZohexenylmalonate) . This ester was prepared by the silver- 
salt process from the pure acid, which had a very high affinity for 
iodine (91 *4%), in contrast with that of the cycZopentane acid 
(0*35%) ; but the ester had a low iodine value and therefore was 
valueless for our purpose. 

Cyano-esters with a phenyl group in the p- and especially in the 
y-position appeared likely to pass readily into the py-forms (com- 
pare linstead and Williams, J., 1926, 2735; Johnson and Kon, 
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ibid., p. 2748), and for this reason the esters (IV) and (V) were 
synthesised : they were found to have the a p -unsaturated structure, 
unlike Linstead and Williams’s cyano-ester, but although they 
yielded Py-unsaturated alkylation . products, the Py-isomerides 
could not be obtained from them. The condensation product of 
benzyl methyl ketone and ethyl malonate was abnormal in structure, 
and the acid obtained from it on hydrolysis had lost the elements of 
water (compare Linstead and Williams, loc. cit.) ; in addition, the 
double bond was already in the Py-position, because the acid yielded 
benzaldehyde on oxidation : it has not yet been fully investigated. 

Experimental. 

Ethyl ci-Gyanocyclohexylideneacetate (III). — The ester was pre- 
pared by the method of Harding, Haworth, and Perkin (J., 1908, 
93 , 1949) and had the properties recorded by Birch, Kon, and Norris 
(J., 1923, 123 , 1361) : the value 53*94 given there for [Ri \ D is a 
misprint for 53*594. 

The ap-structure of the ester was confirmed by oxidation : 5 g. 
of the ester were treated with the required amount of ice-cold 
neutral 3% aqueous potassium permanganate and the solution 
was kept for an hour; cyclohexanone, isolated by steam -distillation 
and extraction with ether, was identified in the form of semicar- 
bazone (m. p. and mixed m. p. 165 — 166°). 

The ester (1/10 g.-mol.) was slowly added to 2*3 g. of “ mole- 
cular ” sodium covered with dry ether. The reaction was vigorous, 
but it was difficult to induce nil the sodium to react. Finally, 
light petroleum was added and the precipitated sodio-derivative 
was collected rapidly, suspended in dry ether, and treated with 
1/10 mol. of benzoic acid in dry ether. When the yellow colour had 
disappeared, the ethereal solution was washed with aqueous sodium 
carbonate and with water, dried over calcium chloride, and evapor- 
ated, finally in a vacuum. The properties of the ester obtained, 
1-0616, 1*48327, changed but little after distillation 

(b. p; 160— 164°/18 mm.). In another experiment the preparation 
of the sodio-derivative was carried out in benzene solution, which 
was preferable to ether, with a similar result. In a third experiment 
the regeneration was carried out at — 20° by means of dry hydrogen 
chloride or by means of less than the calculated amount of glacial 
acetic acid (containing a little acetic anhydride to ensure the absence 
of water) and the washing was omitted. In all cases the ester had 
the same iodine addition (about 5% in one hour) as that of the pure 
ap-ester, and this did not change on treatment with sodium ethoxide. 
The change in physical properties was therefore clearly due to a 
certain amount of reduction of the cyano-ester during the formation 
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of the sodio- derivative. In order to obviate this, sodium ethoxide, 
freed from excess of alcohol, was used to form the sodio -derivative, 
which was then precipitated with a large volume of light petroleum 
and treated with benzoic acid; no indication of the existence of a 
py- ester was obtained. 

Ethyl cjoloPentylide7i£malonate (I). — The ester was prepared by 
the method of Kon and Speight (loc. cit.) 3 but it was found con- 
venient to modify the 'process of isolation as follows. The almost 
black reaction product of c^/cZopentanone and ethyl malonate was 
mixed -with 3—4 volumes of light petroleum and well shaken; 
the acetanilide and the tarry matter formed were precipitated 
and the very troublesome and wasteful process of washing was thus 
obviated. The almost clear petroleum solution was filtered, 
washed with water and alkali, and dried ; on evaporation it gave a 
fair yield of the required ester, d%V 5 ° 1-0613, ng' 5 ° 1-4696, iodine 
addition in 1 hour (in chloroform solution by the method of Linstead 
and May; J., 1927, 2565) 11-1%. 

The ester on hydrolysis gave the acid already described by Kon 
and Speight ; the iodine addition of the pure acid in sodium bi- 
carbonate solution was only 0*35% in 1 hour. This was esterified 
through the silver salt and the ester produced had b. p. 160°/20 mm., 
d?' 0 ’ 1*0618, nf°' 1*47301, [i?J D 59*75 (compare Kon and Speight, 
loc . cit.), iodine addition in 1 hour 1*5%. 

The first experiments on the regeneration of the ester from its 
sodio-derivative were carried out with “molecular 55 sodium in 
benzene in the manner described on p. 777 ; a definite indication 
of change was obtained. In later experiments, sodium ethoxide 
was prepared from specially dehydrated alcohol, the excess of alcohol 
carefully removed in a vacuum at 100°, and the ester added together 
with some petroleum (b. p. 40 — 60°) ; when the. sodio - derivatives 
had formed, more petroleum was added and the solid allowed to 
settle. The petroleum solution was decanted, the residue again 
washed with petroleum (the sodio-derivative can also be filtered 
off), and benzoic acid in dry ether added to the sodio-derivative 
with shaking, more petroleum then being added. The gelatinous 
sodium benzoate was filtered off, and the petroleum solution washed 
With dilute aqueous sodium carbonate, washed, dried, and evapor- 
ated. The ester, obtained in 30—50% yield, varied but little in 
properties; the best specimen had b. p. 147 — 148°/19 mm., dl$' 5 ' 
1*0511, 1*45743, [M l ] d 58*37 (calc., 58*02), and an iodine 

addition of 38*4% ; it consisted, therefore, mainly of ethyl A 1 -cyclo- 
penimylmSormte (II) (Found : 0, 64*0; H, 8*0. € 12 H 18 0 4 requires 
C, 63*7 ; H,' 8*0%);r The molecular refraction shows an exaltation 
of only 0*35 unit {comparable with that found by Kon and Speight 
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for. the a-methyl derivative and for c^ohexenylmalonic ester), 
due, no doubt, to the conjugation of the two. carbethoxy -groups. 
The ester did not give a colour with ferric chloride. . 

The petroleum solution decanted from the sodio-derivative was 
acidified with hydrochloric acid, washed with sodium carbonate 
solution, and evaporated, yielding a further quantity o es > 
this had a lower iodine addition — about 30% and presuma y 
was the “ equilibrium ester/’ 

A specimen of the Py-ester, prepared by direct esterification as 
described below, was treated with alcoholic sodium ethoxide, and 
the product isolated without special precautions ; it had b. p. 142 
150°/20 mm, d$* 1*0551, nV' 1*46191, [Bl] D 58*91, and an iodine 
addition of 28*0%, and was thus very similar to the preceding 

ester. . 

When sodium methoxide was used in place of the ethoxide m 
the above preparation, the product obtained was methyl ethyl cyclo- 
pentenylmalonate after redistillation it boiled at 137 138 /18 mm. 

and had df r 1*09776, 7 ig' 9 ° 1*46380, iodine addition about 37 % 
(Found : 0, 62*0 ; H, 7*3. C u H 16 0 4 requires C, 62*2 ; H, 7*6%). 

The py-ester was also produced when the solid ap-acid was kept 
in contact with 1% alcoholic hydrogen chloride (8 vols.) at room 
temperature; the acid slowly dissolved in the course of 10 days 
and the ester was then isolated and the considerable unesterified 
portion again treated with alcoholic hydrogen chloride. The ester 
had b. p. 146— 148°/20 mm, df 1*0546, nf 1*45923 , 

58*65; the iodine addition was 37*5%, so the ester was evidently 
mainly the py-form. In another instance, the acid was boiled with 
a saturated solution of hydrogen chloride in absolute alcohol for a 
short time; the ester produced was mainly the a p -form. 

The py-ester, dissolved in ethyl acetate, was treated with ozonised 
oxygen at 0°, the ozonide was freed from the solvent and decomposed 
by warm water, and the product isolated by means of ether and 
distilled. Much decomposition (elimination of alcohol?) took 
place and a definite fraction was not obtained, the greater part 
boiling between 140° and 150711 mm. This gave an intense blue 
colour, slowly changing tp red, with ferric chloride, and Schiff s 
test, and was thus an aldehyde and a p-ketonie ester, presumably 
CHO-CH 2 *CH 2 *0H 2 -CO-CH(CO 2 Et) 2 ; the carbon content, however, 
agrees better with the formula 0 H 0 *CH 2 *CH 2 *CH 2 *G 0 *CH 2 *C 02 Et 
(Found : C, 59*1; H, 7*2. C 12 H 18 0 6 requires C, 55*8 ; H, 7*0%. 
CT 9 H 14 0 4 requires C, 58*0 ; H, 7*6%) I crystalline derivatives could 
not be obtained from it. 

The py-ester was hydrolysed by means of cold 5% alcoholic 
sodium hydroxide, and the acid isolated in the usual manner. The 
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ap-aeid, m. p. 171°, was isolated in quantity; a more soluble con- 
stituent was also present, but it could not be obtained pure. An 
attempt to prepare the pure gy- ester by partial esterification of 
the crude acid obtained above (compare Eeeott and Linstead, J 
1929, 2153) was unsuccessful ; the ester produced had a slightly 
lower iodine addition than the specimen from which it was derived. 

Ethyl cyclo Hexenylmalonate . — The pure acid, m. p. 150° (Kon 
and Speight), was found to have an iodine addition of 914% in 1 
hour. It was esterified through the silver salt, giving an ester, 
b. p. 160° /20 mm., df r 1*0504, n 1-4046, iodine addition 7*5%. 
Another specimen of the ester was separated into two portions by 
distillation, but both had practically identical properties and iodine 
additions. (7 *4 and 8*1%). After treatment of the ester with sodium 
ethoxide without special precautions, the iodine addition rose some- 
what (9*6%). The ozonisation of the ester was repeated, Kon and 
Speight’s results being confirmed. 

Ethyl a-Cyano-Q-ethylcinnamate (IV). — Ethyl cyanoacetate 
(57 g.) and propiophenone (67 g.) were mixed with 1 c.c. of piperidine 
and heated on the steam-bath for 3 days. The product was dissolved 
in ether, washed with dilute hydrochloric acid and with water, 
dried, and distilled. Most of the initial material was recovered, 
but some 12 g. of an oil, b. p. 182 — 188°/17 mm., were collected. 
The yield of this oil could be increased to about 28 g. by adding 
anhydrous sodium sulphate to the reaction mixture to facilitate 
the separation of the water formed in the reaction. Condensation 
also took place in the presence of sodium ethoxide in alcohol (11*5 g. 
of sodium in 150 c.c. of alcohol), the mixture being heated until the 
whole of the solid ethyl sodiocyanoacetate had disappeared (about 
2 hours) ; the yield of high fraction contained in the neutral reaction 
product was about 20 g. The recovered material could be used 
again. The fraction of b. p. 182 — 188°/17 mm. gave on careful 
redistillation a large fraction, b. p. 185°/15 mm., consisting of ethyl 
oL-cyam-$-ethylcinnamate, 1*0695, 1*53803, 67*01 

(calc., 64*26) (Eound ; C, 73*2; H, 6*5. C 14 H 16 0 2 N requires C, 
734; H, 6*6%). The structure of the ester was confirmed by 
oxidation with permanganate exactly as described on p. 777 ; propio- 
phenone was obtained in good yield and identified in the form of 
its semicarbazone. 

All attempts to obtain the gy-isomeride from the sodio-derivative 
were unsuccessful. 

The ester was readily ethylated through its sodio-derivative, 
prepared with the aid of "molecular” sodium in benzene. The 
new ester, ethyl c&-cyano-$-phenyl-vt-ethyl-AP-pentenoate, 
CHMe:CPh-CEt(CN)-C0 2 Et, 
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had b. p. 182—186716 mm., d$* 1-0545, 1*52175, [B^ 

74*33 (calc,, 73-50) (Found : C, 74-9 ; H, 7-3. C 16 H 19 0 2 lSr requires 
C, 74-7; H, 7*4%). Like other similar compounds, the ethylated 
cyano -ester readily lost carbethoxyl in the form of ethyl carbonate 
on being kept with an equivalent of sodium ethoxide at 35° for 
24 hours, giving $-phenyl-oL-ethyl-A a -pentenonitrile , b. p. 142 — 146°/ 
14 mm., cPJ 0 * 0-9856, <‘°° 1-54052, [R L ]» 58-97 (calc., 57-98) 
(Found : C, 83-6; H, 7-7. C 13 H 15 N requires C, 84-3; H, 8*2%). 

Attempted Condensation of Propiophenone and Ethyl Malonate . — 
It was not found possible to obtain a condensation product from these 
substances under any of the conditions tried. 

Ethyl cc-Gyano-y-phenyl-fi-methyl-Av-butenoate (V). — Benzyl methyl 
ketone (134 g.), ethyl cyanoacetate (113 g.), and piperidine (2-5 c.c.) 
were kept at room temperature for 3 days with occasional shaking. 
Water began to separate after about 3 hours. The mixture was 
worked up as described on p. 780, and the product distilled under 
reduced pressure; after unchanged materials had passed over, an 
oil was obtained which on redistillation gave 46 g. of the ester (V) : 
a small quantity was also obtained from the lower fractions, and 
there was hardly any high-boiling fraction. The ester had b. p. 
182—184711 mm., df°° 1-0790, <°° 1-53401, [R l ]j> 66-00 (calc., 
64-26) (Found: C, 73-5; H, 6-6. C 14 H 15 0 2 N requires C, 73-4; 
H, 6*6%). It gave benzyl methyl ketone in good yield (semi- 
carbazone, m. p. 189 — 190°) on oxidation with neutral permanganate, 
its structure thus being confirmed. 

Attempts to obtain the (By-isomeride were unsuccessful. From 
the sodio-derivative prepared with the aid of sodium ethoxide by 
the method described on p. 778, the ester was regenerated unchanged, 
the iodine addition being the same before and after the experiment 
(3*8% in 1 hour). When “ molecular ” sodium was used, some 
change in the physical properties of the ester took place, but this 
was due to reduction ; no rise in iodine addition was observed. 

The ester was ethylated as described on p. 780. The product 
did not boil uniformly, doubtless owing to the presence of a small 
amount of reduced material, but a considerable fraction, b, p. 190 — 
192713 'mm,, was obtained consisting of ethyl a-cyano-y-phenyl- 
jB -methyl-methyl- AP-butenoate, d\ S* 1*0452, ng* 1-51986, [R L ] D 
74*76 (calc:, 74*50) (Found : C, 74*4 ; H, 7-4. C 16 H 19 0 2 N requires 
C, 74-7; H, 7*4%). When this ester was treated with sodium 
ethoxide, ethyl carbonate . and y-phenyl-$-methyl-ac-ethyl-A a -buteno- 
nitrile, CH 2 Ph*CMe!CEt*CN, were produced. The latter on re- 
distillation boiled at 159 — 161°/16 mm . and had d$’ i0 0*97806, 
1*52469, [Rzh> 57*97 (calc., 57-98) (Found : C, 83-9 ; S, 8*3/ 
requires C, 84*3 ; H, 8-2%). 
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Condensation of Benzyl Methyl Ketone with Ethyl Malonate . — 
The condensation was carried out by the method of Kon and Speight 
(i loc . oil.). From 1 g.-moL of the ketone, about 10 g. of a fraction, 
b. p. 180 — 188° /14 ram., presumably consisting of the ester (VI), 
were obtained. On hydrolysis with alkali, the ester gave an acid, 
C 12 H 10 O 3 (Found : C, 714; H, 5*1. M, by titration, 196*5. 
Oi 2 H 10 O 3 requires C, 71*3; H, 5*0%; M, 202. C 12 H 12 0 4 requires 
C, 65*5; H, 5*4%). On oxidation with alkaline permanganate 
the acid yielded benzaldehyde, which was identified by means of 
its semicarbazone. 

The authors 5 thanks are due to the Royal Society for grants which 
have defrayed the cost of this investigation. 

Imperial College op Science and Technology, 

London, S.W. 7. [Received, February Uh , 1930.] 


CVL — • The Properties of the Chlorides of Sulphur . 
Part III . Dielectric Constants . 

By Thomas Martin Lowry and Gilbert Jessop. 

In the two preceding papers of this series (J., 1927, 746; 1929, 
1421), it has been shown (i) that sulphur dichloride, SC^, crystallises 
as a stable phase from a liquid chloride of sulphur containing from 
59 to 65 atoms % of chlorine, and a new chloride, S 3 C1 4 , separates 
in the range 57 — 59 atoms % ; (ii) that sulphur dichloride in the 
liquid state is dissociated at atmospheric temperatures to the extent 
of about 16% according to the equation 2SC1 2 S 2 C1 2 -f Cl 2 ; 

(iii) that sulphur tetrachloride, SC1 4 , which is the stable solid phase 
over a wide range of compositions above 65 atoms . % of chlorine, 
cannot be detected in the liquid phase; and (iv) that a liquid 
chloride of sulphur therefore behaves as a ternary mixture of mono- 
and di-chlorides and chlorine only. In the present paper these 
results have been confirmed by measurements of the dielectric 
constants of a series of samples ranging from sulphur monochloride 
to pure chlorine, which show that sulphur tetrachloride is stable in 
the solid phase, but cannot be detected in the liquid phase. 

Experimental. 

Meihbdsl^-The apparatus used for the measurement of dielectric 
constants (compare Sayce and Briscoe, J., 1925, 127, 315) is shown 
in Fig. 1. It employs a valve generating circuit, but does not 
appear to be open to the objections which have been raised by many 
authors to such circuits* The stress applied to the- dielectric must 
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be small and of sine-wave form, without the harmonics of con- 
siderable amplitude which are found in most valve-operated cir- 
cuits ; and the apparent value of the capacity must not vary when 
the liquid shows a small conductivity. In the present apparatus 
these conditions are fulfilled in view of the fact that the circuit 
which contains the dielectric is not coupled directly to the valve , 


Fig. 1. 



Apparatus for measuring dielectric constants . 


and experimental tests have shown that the introduction of a high 
resistance in parallel with the condenser merely reduces the accuracy 
of the measurement, without altering the absolute value of the 
constant. The main difficulties were (i) to construct a condenser of 
large capacity (150 cm.) which could be adjusted with great accuracy 
(within 0*01 cm.), and (ii) to construct a cell, which would hold only 
a small volume (5 — 10 c.c.) of a corrosive liquid, but could with- 

Fig. 2. 


Variable condenser . 

stand an internal pressure of 1 — 2 atm., and be used at any tem- 
perature from — 100° to 25°. 

(a) Condensers . The condenser of variable capacity and wide 
range included four fixed condensers, G a to 0 la, having capacities of 
about 10, 20, 40, and 80 cm. respectively, and a variable condenser, 
0®, with a capacity of about 15 cm. The fixed condensers were 
made from air-spaced alu minium plates mounted on ebonite. One 
set of plates was connected to the earthed lining of the box con- 
taining the apparatus, and the other to small mercury cups which 
could be connected to the ei live 99 side of the circuit by means of 
wire bridges operated from the outside of this box. The variable 
condenser, C», was cylindrical, as shown in Fig. 2, whereas Sayce and 
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Briscoe used a rotating-plate condenser. The “ live ” side was a 
fixed brass tube, A, mounted on ebonite blocks. The earthed plate 
was formed by an accurately turned brass cylinder, B, attached to a 
rod F, and was mounted on two rigid bearings, G and C', the latter, 
carrying the tube B, being V-shaped. The air gap between A and B 
was about 1 mm. The capacity of the condenser was varied with 
the help of a fine screw, D, against the point of which the end of the 
inner cylinder was pressed by a spring, which is not shown in the 
diagram. 4 4 End effects 55 were prevented by means of earthed 
guards, E. The condenser, which was used over a small range only, 


Pig. 3. Fig. 4. 

A 



Dielectric-constant cell. Conductivity cell . 

as shown by the dotted lines, was calibrated against a small fixed 
condenser, and it was found that the variation of capacity was pro- 
portional to the rotation of the divided head of the screw D over the 
entire working range. 

(b) Cell. The type generally used is shown in Fig. 3. The inner 
plate of the condenser consisted of a cylinder, A, of platinum foil, 
which was kept in shape by being mounted on a short closed glass 
tube. Surrounding this, and separated from it by a gap of about 
1 mm., was a stout platinum cylinder, B, which formed the outer 
plate of the condenser. The inner tube and outer cylinder were held 
rigidly apart by means of small glass bridges, C. The condenser 
fitted loosely into a glass tube, closed at the bottom and provided 
at the top with a delivery tube, which could be sealed. Platinum 
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wires from the condenser plates were led out near the top of the 
wide tube. Connexion with the £< live ” side of the circuit was made 
by means of a small wire bridge in mercury cups. The outer 
cylinder was permanently earthed. 

The lower part of the cell was surrounded by a stout copper 
cylinder, which was earthed, and round which a Dewar flask con- 
taining liquid air could be placed. This served to hold the cell, to 
act as an earthed sheath, and to maintain a uniform temperature 
in the liquid. Temperature was measured by means of a single- 
junction copper-constantan thermocouple, with one junction inside 
the copper sheath and the other in a Dewar flask containing ice and 
water. The current from it was measured on a microgalvanometer 
which could be switched out of the valve circuit into the thermo- 
couple circuit. 

(c) Arrangement of circuits. Oscillatory currents were main- 
tained in circuit by means of the valve V, connected as shown. 
The magnitude of the direct component of the current in the anode 
circuit is a function of the oscillating currents in L^Cj. If a second 
circuit, L3C3, is now coupled loosely to. this, energy is withdrawn when 
the natural frequency of L 3 C 3 is very nearly the same as that in 
L 1 C 1 . If the coupling is adjusted correctly, and the value of L 3 C 3 
is then altered, the anode current first falls gradually to a well- 
defined minimum and afterwards rises gradually again ; this mini- 
mum is very sensitive to change of capacity in L 3 C 3 , and could be 
determined within about 0*02 cm. variation in the capacity of C 3 . 

The whole assembly of the apparatus is shown diagrammatically 
in Pig. 1. The cell and the battery of condensers, denoted by C s , 
were connected in parallel with the inductance, L 3 , which consisted 
of 12 well-spaced turns of No. 20 copper wire wound on an ebonite 
former, giving a wave-length of about 200 m. L* and L 2 were 
ordinary wireless inductances, No. 30. The variable condenser, C t , 
had a maximum value of 0*0025 microfarad, and the by-pass con- 
denser, C 2 , had a value of 0-01 microfarad. G was a microgalvano- 
meter of sensitivity about 0*5 microamp. per scale division. was 
a 300-ohm potentiometer, and R 2 a resistance of about 100 ohms. 

and R 2 were adjusted so as to neutralise the greater part of the 
anode current through the galvanometer. A galvanometer shunt, 
B s , was added for convenience of working. The fixed condensers, 
Q a -d, were calibrated in terms of scale readings on the divided head 
of C v . All the c< live parts of the apparatus, except the experi- 
mental cell, were housed in a wooden box with an earthed lining of 
sheet metal. In order to prevent sudden fluctuations of anode 
current the valve was wrapped in cotton wool, and a 6-microfarad 
condenser put across the terminals of the high-tension battery. 
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Before any measurements were made, was adjusted so that, 
with C a ~d hi circuit, resonance was obtained with 0© at about the 
of its range. It then remained unaltered throughout the 
series of experiments. In an experiment, the resonance point was 
determined roughly with shunt R 3 partly in, and adjusted so that 
the galvanometer needle was about in the centre of the scale at the 
minimum point. R 3 was then taken out and the minimum found 
by alter ing C v in each direction three times. The mean of these six 
readings gave the true resonance point. The experimental cell was : 
then put in circuit and capacity removed from C 3 until resonance 
was again obtained as before. The capacity of the cell was equal 
to the capacity removed from C 3 . Another set of readings was then 
taken to see that the zero had not altered. The change in zero was 
not usually more than 0*02 unit, whereas the capacity of the cell in 
air was of the order of 20 units. 

(d) Calibration. Since the air between the live plate and earth 
is not replaced completely by liquid, the dielectric constant could 
not be obtained directly by measuring theratio of the. capacity of 
the cell when filled and when empty. The cell was therefore 
calibrated with carbon tetrachloride and chloroform. These liquids 
were carefully purified and dried ; their respective dielectric constants 
at 25° were taken as 2*20 and 4*79 (Sayce and Briscoe, J., 1926, 
2623). The observed capacities were: Air, 30*19; CC1 4 , 57*62; 
CHC1 3 , 120*31. These were made the basis of a calibration curve 
for the cell over the range of dielectric constants covered by the 
experiments. 

Results. 

The dielectric constants of sulphur chloride mixtures were 
measured over the range of compositions from sulphur mono- 
chloride to pure chlorine, and at temperatures from that of the room 
down to that at which solidification was complete. Samples con- 
taining less chlorine than the dichloride were put into the cell as 
equilibrium mixtures ; mixtures containing more chlorine were made 
in the cell and left over-night to reach equilibrinm. The observed 
values for the dielectric constants of 13 different samples at different 
temperatures are recorded in Table I. 

Discussion of Dielectric Constants. 

(a) The dielectric constants of the liquids, which are plotted for 
5 typical compositions in Fig. 5, fall as the temperature rises, the 
relationship being linear in each case. The temperature coefficient, as 
well as the magnitude of the dielectric constant, rises progressively 
from chlorine to sulphur monochloride. In accordance with 
Debye’s analysis, this implies that there is a progressive increase In 
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Table I. 

Dielectric Constants at Various Temperatures. 


50-0 at. % Cl. 

Temp 15-0° —23° -41° -28° -1° 10-5° (Solid)* 

« 4-79 6-41 5-81 5-54 5-05 4-88 3-2 

53-18 at. % Cl. 54-8 at. % Cl. 

Temp 14-0° 10-4°' 11-0° -20° -35-5° -15-5° 19° 

e 4-39 4-45 4-23 4-65 4-93 4-63 4-14 

58-5 at. % Cl. 63-08 at. % a. 

Temp. ... 11-0° -16-5° -42-5° -12-5° 1-6° 15-9° 12-7° 15-9° 

« 3-80 4-09 4-49 4-06 3-92 3-28 3-31 3-28 

S 2 C1 2 -C1 2 mixtures after 
combination. 

61-39 at. % Cl. 61-84 at. % Cl. 65-24 at. % Cl. 

Temp. 0° 0° 12-5° -15° -39-5° —51° 0° 

e 3-61 3-55 3-13 3-34 '3-53 3-69 3-27 

67-35 at. % Cl. 

Temp. ... 17° —1° —46° —95° —93° —79° —75° 

e 2-96 3-04 3-41 4-58 4-60 4-41 4-36 

Temp. ... -58-5° -50° -32-5° -25° -42-5° -48° -54° 1° 

e 3-64 3-57 3-34 3-25 3-36 3-45 3-52 3-05 

71-53 at. % Cl. 

Temp —25° -42-5° 15-2° 13-1° -16-8° -46° -11-8° 8-6° 

« 3-02 3-13 2-S3 2-83 2-96 3-17 2-96 2-86 

76-32 at. % Cl. 

Temp -7° -2-3° 8-5° 17-5° —17° -30° -46° 

e 2-77 2-74 2-69 2-64 2-83 2-91 2-99 

Temp -53-5° -63-5° -63° -62° -57° -48° -40° 

e 3-05 4-23 4-90 5-85 5-99 5-98 6-51 

Temp -33° -33° -33° -17° 0-4° 21-5° 

« 4-51 4-01 3-81 2-92 2-72 2-61 


85-4: at. 

% Cl. 



(Solid)* 

5-41 

(Liquid)f 

2*44 




Chlorine. 



(Solid)* 

2-14 

(Liquid)f 

■2-1-6 

(Solid)* 

2-07 

(Liquid)f 

2*19 


* Below the temperature of complete solidification, 
f A few degrees above the melting point. 

the dipole moments as well as in the polarisability of the molecule 
as atoms of sulphur : are inserted between the chlorine atoms in the 
series Cl 2 , SC1 2 , SjC^. The curves obtained by plotting the di- 
electric constants against composition at three temperatures (Fig. 6) 
are approximately linear, but with, a sharp bend at the composition 
of the dichloride; the absence of a complete discontinuity can be 
attributed, as in the case of other properties, to the dissociation of 
the dichloride into a ternary mixture containing also the mono- 
chloride and free chlorine. Kb indication was obtained, however. 
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of any discontinuity or change of curvature at the composition of 
the tetrachloride. 

(6) The dielectric constants of the solid, which are practically 
independent of the temperature, have been plotted in Fig. 6 and 
joined by an arbitrary curve. Three types of behaviour can be 
recognised. 

(i) Solid chlorine, of which the dielectric constant is now recorded, 
apparently for the first time, has almost exactly the same dielectric 
constant as liquid chlorine, the average values above and below the 
m. p. being 2*17 and 2*10. This is interpreted as meaning that, 
whilst the molecules are polarisable, they have only a very small 
permanent dipole moment, a result in harmony with the small 
temperature coefficient recorded above and with other methods of 
estimating this quantity. 

(ii) Sulphur monochloride, on the other hand, after a progressive 
rise from 4*7 to 5*8 as the liquid is cooled from 15° to — 50°, shows 
an abrupt fall from 6*4 to 3*2 when it finally solidifies. This behavi- 
our is characteristic of liquids with a large permanent dipole moment, 
since water (e = 81), alcohol (e = 62*7), and nitrobenzene (e = 43*3) 
show an abrupt fall on solidification to values (3*1, 2*7, and 4*1 
respectively) which are comparable with those observed in non-polar 
liquids such as benzene (2*2) or carbon tetrachloride (2*2). 

(iii) An entirely different and novel behaviour was observed in 
solids of intermediate composition, where a large increase of di- 
electric constant was recorded on solidification. This striking 
abnormality is shown clearly in the broken curve of Fig. 5, where 
the dielectric constant is seen to turn sharply upwards as the liquid 
becomes solid, and to droop again as the solid gradually melts. 
If we were obliged to admit that the solid had the same chemical 
constitution as the liquid, we should conclude that the molecules 
had a negative dipole moment, which is absurd. It is, however, 
easy to see that this anomaly reaches a maximum at or near the 
composition of sulphur tetrachloride , and must therefore be attributed 
to the presence of this compound in the solid phase. The. propor- 
tions in which it would be present in each case cannot yet be stated, 
and might vary widely with the conditions of crystallisation, but the 
position of the maximum fixes beyond question the chemical com- 
position of the abnormal component of the mixture. Moreover, 
the complete dissociation of the tetrachloride on fusion is demon* 
strated once more by these observations, since, if it survived in any 
appreciable proportion, it could scarcely fail to reproduce in the 
curve for the liquid the maximum, which is so conspicuous a feature 
of the curve for the solid sulphur chlorides. Finally, it may be 
pointed out that the high dielectric constant (6*2) of solid sulphur 
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tetrachloride brings it into line with mils such as rock-salt (6*3), 
sylvine (4*9), fluorspar (6-9), and ammonium chloride (7*0), whereas 
the solid monochloride (3*2) resembles sulphur (3*9) and chlorine 
(2*1) in showing the low dielectric constants usually observed in 
solid molecular compounds. 

Since no case appears to have been established previously of a 
large increase in the dielectric constant of a liquid on solidification,* 
it is of interest to record that we have discovered an analogous case 
in phosphorus pentachloride, m. p. 148°. where our own observations 
show an increase in the dielectric constant from 2*7 for the liquid at 
165° to 4*1 for the solid at 130°. : As is well known, Langmuir has 
attributed to both compounds a salt-like structure^ which would 
explain the high dielectric constant of the solids, but at this stage 
we are content merely to point out that the abnormality to which 
we have directed attention suggests a change of structure during the 
passage from the liquid to the solid state, the precise nature of 
which awaits investigation with the help of X-ray analysis. 

(c) The dielectric polarisation, in terms of the molecular weights 
(jSfj and Jf 2 ) and mole-fractions (?i x and n 2 ) of a mixture, can be 
deduced from the formula 
■ s — 1 + M 2 n 2 

V ~- e + 2 d - 

We have therefore calculated the values of this function in the first 
instance for mixtures of sulphur dichloride (i) with monochloride 
and (ii) with chlorine, in such large excess that the dissociation of 
the dichloride would be quite insignificant. Since, however, the 
formula is not restricted to gases or dilute solutions, we have 
extended the calculations to solutions containing much larger pro- 
portions of the dichloride, and obtained results which are entirely 
concordant with those given by the more dilute solutions. For this 
purpose, the dielectric constants were first reduced by interpolation 
to a temperature of 0 9 , and were then combined with the densities 
at this temperature to give the dielectric polarisation of the mixtures. 
When these numbers are plotted against the mole-fraction of sulphur 
(Fig. 7)Y two straight lines are obtained, which intersect accurately 
on the boundary of the diagram. These liquids therefore obey a 
simple mixture rule with p = 12, 27, and 46 for chlorine, dichloride, 
and monochloride, respectively. ~ ; Y . " " 

: Tim result might, perhaps, have been predicted if we were certain 
in advance that we were dealing with a simple ternary (pseudo - 
binary) system containing ' only the components . shown in the 

* Schiundt, J - . Physical Ghem., 1904, B, 122, gives phosphorus (solid) 4*1, 
{supercooled liquid) 3*85 at 20°; Birani, Diss., Berlin, 1903, gives sulphur 
Xat fL p.) 3-98* solid (room temperature) 4*22. ,Y :: - --- r - : - : : 
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equation Clg + S 2 C1 2 2SC1 2 . If, however, we were to postulate, 

with Trautz (Z. Elehtrochem ., 1929, 35, 110), a series of equilibria 
in which the tetrachloride plays an essential part, no such simple 
relationship could be expected. The data plotted in Fig. 7 are 
therefore of real importance, since they prove that the compound 
formed by adding a small excess of chlorine to sulphur monochloride 
(which might have been S 3 G1 4 ) and the compound formed by 
adding a small amount of sulphur to pure liquid chlorine (generally 
supposed hitherto to be SC1 4 ) have in fact the same constant of 
dielectric polarisation, and in this respect, as in others, are identical. 


Fig. 7. 



0*2 0*4 0*6 0*8 1*0 


Mole fractions of SCl a . 
Dielectric polarisations at 0°. 


Conductivities. 

It is generally agreed that sulphur mono- and di-chlorides and 
chlorine are covalent compounds, as represented by the formulae 
Cl-S-S-Cl, ChS’Cl, and Cl-Cl; and this formulation is confirmed by 
the gradation in the dielectric polarisation of the three substances. 
Langmuir, however, has attributed to sulphur tetrachloride a polar 
formula [SCy + Cl”, and the electronic theory of valency suggeststhai a 
similar polar formula should be assigned to trisulphur tetrachloride, 

which may be formulated as [GlS’SCbSCljCl". Evidence of the 
presence of sulphur tetrachloride and justification of Langmuir’s 
polar formula would therefore be provided simultaneously if solu- 
tions could be prepared showing a substantial electrolytic con- 
ductivity. The apparatus used to test this is shown in Fig, 4, It 
had a cell constant of 0*17 and was specially designed for use at low 
temperatures with corrosive substances easily decomposed by water. 

(i) A solution of sulphur tetrachloride (<sic) in liquid chlorine was 
prepared by weighing the liquid dichloride into the cell, cooling it 
over liquid air, and passing in an excess of chlorine. When the 
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liquid was cooled to a temperature at which solid sulphur tetrachloride 
was beginning to separate, the conductivity of the saturated solution 
was found to he only 0*18 X 10" 6 mho, i.e., of the same order as that 
of liquid chlorine. 

(ii) A solution of sulphur dichloride in liquid hydrogen chloride 
was prepared by weighing the liquid dichloride into the cell and 
condensing hydrogen chloride by cooling over liquid air. The 
conductivity of the solution just below its bo i l in g point was 0*7 x 
10” 6 mho. Chlorine was then passed in until the red colour of the 
dichloride had disappeared completely by precipitation of the tetra- 
chloride as a colourless solid. The conductivity of the saturated 
solution was then 0*65 X 10" 6 . 

These observations show that no electrolytic conductivity is 
developed on attempting to prepare solutions of sulphur tetra- 
chloride in chlorine or in hydrogen chloride. This result could be 
interpreted as showing either (i) that the tetrachloride is a non- 
electrolyte in these two solvents, or (ii) that it is insoluble in, or 
completely dissociated by, these two solvents and is therefore pre- 
cipitated quantitatively as fast as it is formed. There is no method 
available for distinguishing sharply between these possibilities, 
although the first deduction is obviously unproven in view of the 
failure of all attempts to detect the presence of the tetrachloride in 
solution. The completeness with which the tetrachloride is removed 
from the solutions is, however, itself an indication of a wide difference 
in polarity from chlorine and the mono- and di-chloride, with which 
it should otherwise be freely miscible, as in the case of the non-polar 
chlorides of carbon. A similar argument can be applied to tri- 
sulphur tetrachloride which, at temperatures below — 100°, forms 
two liquid layers with its products of dissociation. We can there- 
fore only return a negative reply to any questions as to the con- 
ductivity or other s imil ar properties of sulphur tetrachloride, since 
we have been unable to find any evidence of the existence of this 
compound in the liquid state. 

Summary. 

(a) The dielectric constants of sulphur chloride mixtures have 
been measured over the range of composition from monochloride to 
chlorine and from room temperature down to the freezing points. 

(b) The isothermals for the liquids confirm the existence of sulphur 
dichloride, but do not show any inflexion corresponding with the 
tetrachloride, even at — 50°. 

(c) The dielectric constant of the solids shows a pronounced 
maximum at the composition of the tetrachloride. 

LABORATORY OS' PHYSICAL CHEMISTRY, 

Cambridoe, [Received, December 2Zrd, 1929.] 
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CVII . — A Synthesis of Pyrylium Salts of Antho- 
cyanidin Type. Part XIX . A Synthesis of 

Delphinidin Chloride not involving a Demethylation 
Process , and Syntheses of Hirsutidin Chloride and 
of Delphinidin Chloride & -Methyl Ether , possibly 
identical with Petunidin Chloride . 


By William Bradley, Bobert BoBnsrsoR, and Gerold 

SCHWARZENBACH. 


The recognition that the purest specimens of cyanidin chloride can 
most readily be obtained if demethylation of methyl ethers is 
entirely avoided (Bobertson and Bobinson, Part XV, J., 1928, 
1526; Willstatter and Bobinson, Ber., 1928, 61, 2504) made it 
desirable that the improved synthetical method already applied 
to the cases of pelargonidin chloride (Bobertson, Bobinson, and 
Snginra, Part XVI, J., 1928, 1533) and cyanidin chloride (Part XV, 
loc. tit) should be extended to include the preparation of delphinidin 
chloride. 

This has now been carried out, and the resulting hexahydroxy- 
flavylium chloride compared with a specimen of delphinidin chloride 
from a natural source, no divergences of behaviour of the specimens 
being detected. 

0-Triaeetylgalloyl chloride and diazomethane furnished to -diazo- 
3:4: ^-iriacetoxy acetophenone, (AcO) 3 C 6 H 2 *CO*CHX 2 (I), and 
oj ; 3 : 4 : 5 -te&ra-acetoxyacetophenone (II) was readily obtained from 
the diazo-derivative by the action of acetic acid. 

AcO 

Aco/N H 

AcO^yfcO'CHjj'OAc 

The tetra-acetate (II j condensed with 2-O-benzoylphIoroglucin- 
aHehyde- (III) (Bobertson and Bobinson, J., 1927, 1710) in alcohol- 
ethyl acetate solution under the influence of hydrogen chloride, with 
production of 5- Q-benzoyldelphimdin chloride (IV), the acetyl groups 
being all 1 removed in the course of the reaction. The final stage, 
namely, the elimination of the benzoyl group, gave trouble owing 
to the dxfdfeabifity of the substance in alkaline solution, but this* 
difficulty was not insuperable. The debenzoylated product of the 
action of aqueous-alcoholic sodium hydroxide on (IV) was changed 
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to delphinidin chloride by treatment with hydrochloric acid under 
special conditions which it was found necessary to observe closely. 

Synthesis of Hirsutidin Chloride . — In 1927, Karrer and Widmer 
(Helv. Chim. Acta , 1927, 10, 758) isolated a new anthocyanin, 
hirsutin chloride, from the Primula hirsuta , and found that, on 
hydrolysis in the usual manner, hirsutidin chloride , C 18 H 17 0 7 C1, 
was obtained. 

This anthocyanidin contained three methoxyl groups, gave 
syringic acid on oxidation and delphinidin salts on demethyl- 
ation, and was therefore recognised as a methyl ether of 
syringidin chloride ( 0 -methy Imalvidin chloride). The methyl 
groups might be in the 3:3': 5'-, 5:3': 5'-, or 7 : 3' : S'-positions, 
and, of these, Karrer and his collaborators preferred the last two. 
The synthesis of 0-3 : 3' : S'-trimethyldelphinidin chloride has 
already been effected (Bradley and Robinson, J., 1928, 1541), and, 
since the properties of this salt were different from those of hirsutidin 
chloride, concurrence with Karrer’s view was expressed. 

. 5:3': S'-O-Trimethyldelphinidin chloride (V) was obtained by 
condensing 2-0-methylphloroglucinaldehyde with co-acetoxy-4- 
benzyloxy-3 : 5-dimethoxyacetophenone, 

AcO-CH 2 -CO-C 6 H 2 (OMeyO*C 7 H 7 

(Bradley and Robinson, loc. cit.) } in formic acid solution in presence 
of hydrogen chloride. As in the synthesis of malvidin chloride, the 
benzyl group is eliminated. 

7:3': 5'-0-Trimethyldelphinidin chloride (VI) was obtained by 
hydrolysing its 5-0 -benzoyl derivative derived from the use of 





2-0-benzoyl-4-0-methylphloroglucmaldehyde (VIE) in a similar 
process. This salt proved to be identical with hirsutidin chloride. 
The aldehyde (VII) was obtained on methylating 2-0-benzoylphloro- 
glucinaldehyde by means of silver oxide and methyl iodide; its 
constitution follows from the occurrence of the flavylium salt 
synthesis and from relations represented in the subjoined scheme. 

Synthesis of Delphinidin Chloride -Methyl Ether.— This substance, 
which may be identical with petumdin chloride (WiUstatter and 
Burdick, Annals^ 1916, 412, 217), has been synthesised by an 
application of tbV-O-benzoylphloroglucinaldehyde method; the 
chief difficulties were Encountered in obtaining the required ketonin 
component. 
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The first step was to devise a more convenient method for the 
preparation of 3-0-methylgallic acid than those recorded by Vogl 
{Mondish., 1899, 20, 397) and Fischer ■(. Ber ., 1913, 40, 1123). In 
this, we were successful, and the new method of protection of vicinal 
hydroxyl groups in polyhydric phenols that was adopted is one that 
should find numerous applications in other directions. Methyl 
gallate and diphenyldichloromethane in acetone solution in presence 
of pyridine, with subsequent addition of sodium hydroxide, afforded 
methyl 2-hydroxyA : o-diphenylmethylenedioxybenzoate (VIII). This 
ester was methylated by means of methyl iodide and sodium 
ethoxide, and, on hydrolysis by alkaline solutions, Z-meihoxyA : 5- 
diphenylmethylenedioxybenzoic acid (IX) was obtained; 3-0-methyl- 
gallic acid (X) resulted when the methylated ester was treated with 
boiling concentrated hydrochloric acid. 



3-0-Methylgallic acid had m. p. 220° (diacetyl derivative, m. p. 
170 — 171°) in agreement with the description of Fischer (Zoc. cit.) 
(Vogl, loc. cit, gives the m. p. 199 — 200°), 

Shriner and MeCutehan, however, in a recent paper {J. Amer. 
Chem. Soc 1929, 51, 2193), have stated that the acid has m. p. 132° 
(diacetyl derivative, m. p. 102—103°), and it was therefore necessary 
to explain this discrepancy. We find that the action of 8% aqueous 
sodium hydroxide at 200° on bromo vanillin in the presence of copper 
actually yields 3-O-methylgallaldehyde (XI) and not the corres- 
sponding acid, as Shriner and MeCutehan supposed. 

Starting with the diphenylmethylene ether or the diacetyl deriv- 
ative of 3-0-methylgallic acid and passing through the stages 
R-COgH, R-COC1 and R-CO-CHNg to R-CO-CH^-QAc, we obtained 
the w - acetoxygallac etophenone derivatives ( XII ) and (XIII), 
respectively, and either of these, on condensation with 2- 0-benzoyl- 
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phloroglueinaldehyde in the usual way, gave rise to 5-0-benzoyl-3*- 
O-methyldelphinidin chloride (XIV). The 3 ' -O-methyldelphimdin 
chloride (XV) obtained on hydrolysis very closely resembles 
petunidin chloride, but we are unable to express any opinion at 
this stage on the question of its identity with that anthocyanidin. 

Experimental. 

<0 - Diazo - 3:4:5- triacetoxyacetophenone (I). — Ttiacetylgalloyl 
chloride was prepared by the method of Fischer, Bergmann, and 
Lipschitz (Ber., 1918, 51 , 55). A solution of the chloride (18 g.) in 
chloroform (50 c.c.) was added during 10 minutes to ethereal diazo- 
methane (140 c.c., from 25 c.c. of nitrosomethylurethane) cooled to 
—10°. Evolution of nitrogen accompanied the rapid separation of 
pale yellow crystals of the diazo-ketone, and these were collected 
after 30 minutes and washed with ether (yield, 17*6 g. ; m. p. 120 — 
122°). For analysis, the diazo-ketone was crystallised twice from 
benzene; it was obtained in stout lemon-yellow plates or tables, 
m. p. 125—126° with evolution of nitrogen (Found : C, 52*7 ; H, 
3*7 ; N, 8*7, 8*8. C^H^C^N^ requires C, 52*5 ; H, 3*8 ; N, 8*7 %). 

t *-Diazo-3 : 4 : 5 -triacetoxy acetophenone is easily soluble in alcohol 
and benzene, more sparingly soluble in ether, and almost insoluble 
in light petroleum. It possesses the usual properties of diazomethyl- 
ketones. Nitrogen is eliminated by heating, by the addition of 
iodine or aqueous mineral acids to an alcoholic solution, or by 
warming with glacial acetic acid. A drop of aqueous sodium 
hydroxide added to the cold dilute alcoholic solution causes the 
development of a yellow colour ; from more concentrated solutions, 
a green amorphous solid, soluble in water, is precipitated, and, when 
gently heated, these solutions become reddish-brown. 

go : 3 : 4 : 5 -Tefra-acetoxyacetophenone (II).— A solution of the 
diazo-ketone (12 g.) in pure glacial acetic acid (25 c.c.) was warmed 
at 60—80° until the vigorous evolution of nitrogen had ceased (about 
30 mins.). The cooled solution was diluted with ether (300 c.c.), 
and the crystalline precipitate of co : 3 : 4 : 54eira-acetoxyacetophenone 
collected (yield, 9*3 g. ; m. p. 118 — 121°). The ethereal mother- 
liquor was washed with potassium bicarbonate solution, filtered, 
dried, and evaporated ; an oil (2 g.) remained which gave a bluish- 
green coloration with ferric chloride, and from which only a small 
amount of the crystalline ketone could be isolated. The proportion of 
the oily fraction was greater when less pure acetic acid was employed 
and was increased, also, by more prolonged heating during the decom- 
position of the diazo-ketone. When the ketone was isolated by 
pouring the cooled acetic acid solution into water, the oily product 
could not be employed directly, and, after recrystallisation, the 
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yield was considerably smaller than that obtained by the above 
procedure. The ketone crystallised from ethyl alcohol (charcoal) in 
tables or colourless thick plates having a characteristic spearhead 
form, m. p. 122—123° (Found : C, 54-9 ; H, 4*8. C 16 H 16 0 9 requires 
C, 54*6; H, 4-6%). 

<o : 3 : 4 : 5-Tetra-acetoxyacetophenone is readily soluble in 
alcohol, benzene and acetic acid, but more sparingly soluble in ether. 
It is insoluble in aqueous sodium carbonate, although rapidly dis- 
solved by cold dilute sodium hydroxide solution. An alcoholic 
solution gives no reaction with ferric chloride, and the ketone 
reduces Fehling’s solution in the cold. 

Benzoyldelphinidin Chloride (IV) (First preparation). — Finely 
powdered ca : 3 : 4 : 5-tetra-acetoxyacetophenone (5*2 g.) and 

benzoylphloroglucinaldehyde (4*0 g.) were added to a mixture of 
ethyl aleohol (80 c.c.) and ethyl acetate (80 c.c.), and the solution 
cooled to 0°. Dry hydrogen chloride was admitted and, saturation 
having been attained, the mixture was allowed to reach the room 
temperature. At first, a portion of the aldehyde was precipitated, 
but later redissolved completely. After being kept over-night, the 
dark green flavyhum salt was collected and washed with ether 
(yield, 2 g.). The use of ethyl alcohol alone gave an amorphous 
product ; ethyl acetate alone furnished a crystalline substance which 
gave no coloration with ferric chloride in alcoholic solution. The 
product was obtained in short prisms, having in mass a dark olive- 
green appearance. It was recrystallised from hot methyl alcohol 
(20 vols.) containing concentrated hydrochloric acid (1 vol.), in which 
it was only very sparingly soluble. The recrystallised material was 
dull greyish-violet in appearance and consisted of slender, dark 
red prisms. 

Benzoyldelphinidin chloride is easily soluble in alcohol to a 
violet-red solution; the violet shade increases on keeping or on 
dilution with more alcohol; the very dilute solution in methyl 
alcohol is pure blue. When an equal volume of water is added to the 
violet-red methyl-alcoholic solution, the colour fades ins tantly to 
pale blue, and the red colour is immediately restored on the addition 
of acid. Heated with 0*5% hydrochloric acid, the salt dissolves to 
a pale red solution which rapidly fades even while in contact with the 
undissolved substance. A pale blue colour results when a drop of 
aqueous sodium carbonate is added to a freshly prepared alcoholic 
solution of the salt. ; on dilution with water, the solution becomes 
green and then rapidly fades to yellow. A drop of 5% aqueous 
potassium hydroxide added to the alcoholic solution gives a bluish- 
green colour which fades slowly to green ; on the other hand, a drop 
of 0*5% potassium hydroxide gives a fairly stable, pure blue colour 
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which is still weakly blue after one hour. Similarly, solid sodium 
acetate added to the freshly prepared methyl-alcoholic solution 
gives a fairly stable, pure blue colour. The salt dissolves in aqueous 
sodium carbonate, but the blue colour initially produced fades almost 
immediately to violet. 

Delphinidin Chloride (First preparation). — Finely powdered, 
crude benzoyldelphinidin chloride (2 g.) was added to 10% aqueous 
sodium hydroxide (16 c.c.) from which air had been displaced by 
a stream of hydrogen, and the solution kept 4 hours after the salt 
had dissolved completely. The deep blue solution formed initially 
changed through green to orange. Ethyl alcohol (10 c.c.) and con- 
centrated hydrochloric acid (10 c.c.) were then added, and the deep 
red solution was kept in the cold during 3—4 days until a portion 
dissolved in aqueous sodium carbonate with a pure blue colour. 
Attempts to hasten the re- synthesis of the flavylium salt by warming 
the solution or by increasing the concentration of acid gave oily 
products from which crystalline material could not be obtained. 
Concentrated hydrochloric acid (30 c.c.) was then added in several 
small portions, and, next day, almost the whole of the product had 
separated in a microcrystalline condition. Washed with hydro- 
chloric acid and dried in the air, it formed a dense, dark brownish- 
red powder, having a greenish lustre. 

Preliminary purification was effected by solution in a small 
volume of ethyl alcohol and precipitation of the salt from the filtered 
solution by means of concentrated hydrochloric acid. The flocculent 
material was collected, dried, and washed with ether (Specimen A). 
The product was obtained in an oily condition when precipitation was 
effected from an alcoholic hydrogen chloride solution by the addi- 
tion of ether. 

Specimen A separated completely from solution in 15% hydro- 
chloric acid, but several repetitions of this treatment failed to give 
definitely crystalline material. When dry hydrogen chloride was 
admitted above the surface of a concentrated alcoholic solution of 
Specimen A cooled in ice-water, crystalline material was readily 
obtained in small yield as an olive-green lustrous substance. The 
mother-liquor could be almost completely precipitated by dilution 
with aqueous hydrochloric acid, but the material (an ethyl ether ?) 
obtained in this way was much more sparingly soluble than del- 
phinidin chloride. Attempts to obtain delphinidin chloride tetra- 
hydrate from the crystalline portion under the conditions of Will- 
statter and Weil {Annalen, 1916, 412, 190) were unsuccessful. 

When, however. Specimen A was heated with hydriodic acid under 
Zeisel conditions, as described by Willstatter and Weil (loc. cit .), 
delphinidin iodide separated in a well-crystallised condition, 
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although in small yield. The crystal form, pointed plates, was iden- 
tical with that of the specimen from material of natural origin. 
Willstatter and Weil remark that the crude anthocyanidin obtained 
from the glucoside could not be crystallised from methyl-alcoholic 
hydrogen chloride, but the crystalline iodide was readily obtained and 
from this the crystalline chloride. The iodide was obtained in 
better yield by dissolving Specimen A (1*15 g.) in cold 0*5% hydro- 
chloric acid (30 c.c.) and adding freshly distilled hydriodic acid 
(15 c.e., b. p. 127°) to the filtered solution. A small amount of 
crystalline material was precipitated rapidly, but the crystallisation 
was complete only after several days, during which the containing 
flask was filled with carbon dioxide and kept in the dark. The 
crystals were collected, washed with a little dilute hydriodic acid, 
dried in the air, and washed with ether (yield, 0*45 g.). Only a 
very small additional amount was obtained when the mother-liquor 
was concentrated. The iodide was obtained in this manner in stout 
prisms or tables, green in mass and having a bright yellow lustre. 
This salt crystallises from its solution in hot dilute hydriodic acid 
on the addition of concentrated hydriodic acid in well-shaped, 
elongated rhombic plates, often connected by their acute-angled 
comers so as to form rosettes. The crystals are deep red by trans- 
mitted light and exhibit a marked yellow glitter. The same crystal 
shape and appearance have been noted in material of natural origin 
(demethylation of natural malvidin). 

The crude crystalline iodide (0*95 g.) was dissolved in 0*5% 
hydrochloric acid (30 c.c.), and the chloride precipitated by adding 
concentrated hydrochloric acid (30 c.c.) to the filtered solution. 
The amorphous chloride, which separated at once and completely, 
was crystallised by dissolving 0*13 g. in 5% hydrochloric acid (9 c.c.) 
and adding hot concentrated hydrochloric acid (18 c.c.) to the hot 
solution. The chloride separated on cooling in long, dark red prisms 
or in crystalline granules. The former were green by reflected light 
and had a bright yellow lustre. Two recrystallisations were effected 
under the same conditions (Specimen B) (Found : G, 48*3 ; H, 4*0 ; 
Cl, 9*2; loss at 110° in a high vacuum, 9*3. Found in anhydrous 
material ; C, 53*4; H, 3*2 ; Cl, 10*1. O-^H-^OfCl^HaO requires 
C, 48-1 ; H, 4*0; Cl, 9*5; H 2 0, 9*6%. C^H^Cl requires C, 53*2 ; 
H, 3*3 ; d, 10*5%). 

j BmzoyUe^hinidm Chloride (Second preparation). — Numerous 
further experiments on the conditions for the preparation of this 
salt were earned out. The product obtained by condensation of 
the components in ether— alcohol was not homogeneous and the 
yield was inferior; a very considerable improvement followed on 
the adoption of the following method. 
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2-0-Benzoylphloroglucmaldehyde (7*4 g.) and co : 3 : 4 : 5-tetra- 
acetoxyaeetophenone (9*6 g.), along with, ethyl alcohol (150 c.c.), 
were mixed in a flask provided with an efficient stirrer, a tap funnel, 
inlet and outlet (calcium-chloride tube) tubes, and cooled in melting 
ice. The mixture was saturated with hydrogen chloride and, after 
2 hours, was warmed at 30° for 1 J hours ; it was then again cooled 
to near 0°, and acetyl chloride (167 c.c.) gradually introduced. The 
process was interrupted for 3 hours when about half of the acetyl 
chloride had been added. The product was collected (8*2 g.) after 
about 12 hours. Altogether, 22*6 g. of the salt were obtained from 
six experiments in which the conditions were slightly modified ; 
cooling at 0° during the whole period greatly diminished the yield, 
but substituting the room temperature for the 30° mentioned above 
gave good results (1*9 g. from 2 g. of the aldehyde and 6*4 g. from 
6 g.). It was now found that benzoyldelphinidin chloride could be 
crystallised, by adding concentrated hydrochloric acid to its solution 
in ethyl alcohol, in prisms forming a glistening green mass (Found in 
material dried over sulphuric acid : 0, 57*6 ; H, 3*7. C 22 H 15 0 8 C1,H 2 0 
requires C, 57*4 ; H, 3*7%). 

Delphinidin Chloride (Second preparation). — After a preliminary 
test, 20 g. of the crude benzoyl compound prepared by the acetyl 
chloride method were hydrolysed in five similar experiments as 
follows : — 

The finely powdered benzoyl compound (4*0 g.) was added to 
10% aqueous sodium hydroxide (30 c.c.), cooled in ice and frequently 
shaken until dissolution was complete (15 mins.). Air was previously 
displaced from the apparatus by hydrogen, and a current of the 
latter was passed through the alkaline solution during the hydrolysis. 
After 15 minutes, the solution was allowed to reach the room temper- 
ature, and, after 3J hours, an ice-cold mixture of ethyl alcohol 
{20 c.c.) and concentrated hydrochloric acid (20 c.c.) was added. 
The clear, deep red solution was kept 10 — -12 days until a portion 
gave a pure blue coloration with a little sodium carbonate solution ; 
the time required for the completion of this stage was considerably 
longer than the corresponding period for the earlier preparation. 
Concentrated hydrochloric acid (120 c.c.) was then added in several 
portions,, the solution kept over-night, and the precipitated mixture 
of salts and benzoic acid collected, washed with 20% hydrochloric 
acid, and dried (Y). 

The united filtrates gave, on keeping, a further crop of the flavylium 
salt (Z ; yield, 3*15 g.J, which was almost free from benzoic acid and 
inorganic salts and for this reason was conveniently worked up 
separately. 

The united first fractions Y were dried in the air, finely powdered, 
and washed with ether; when wet with the solvent, the material 
ei2 
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■became pasty, but friable again immediately the solvent had 
evaporated. After being powdered again, the product was ex- 
tracted with cold ethyl alcohol-concentrated hydrochloric acid 
(in all, EtOH, 120 c.c. ; 30% HC1, 30 c.c.) : there was a considerable 
residue (K) (see below). The filtered extracts were mixed with an 
equal volume of water and with concentrated hydrochloric acid 
(250 c.c.). The amorphous product was collected and extracted 
with cold 0*5% hydrochloric acid (about 500 c.c. in several portions 
and with mechanical stirring). Almost the whole of the substance 
dissolved, and it was recovered by the addition of concentrated 
hydrochloric acid (1300 c.c.) to the filtered solution so as to make the 
final hydrogen chloride concentration about 25%. When the 
precipitate was collected, dissolved in hot 0*5% hydrochloric acid, 
and freshly distilled hydriodic acid (80 c.c., d 1*7) added to the filtered 
solution, the iodide slowly separated during several days in a beau- 
tifully crystalline condition. The usual precautions — protection 
from light and replacement of the air of the containing flask by 
carbon dioxide — were observed. 

The fraction Z of the crude chloride was treated in a very similar 
fashion, the iodides from Y and Z were united and dissolved in hot 
5% hydrochloric acid (400 c.c.), and the chloride was precipitated by 
the addition of concentrated hydrochloric acid (600 c.c.). This 
product was amorphous, but crystallised by repetition of the solution 
in 5% hydrochloric acid and increase of the acid concentration to 
25% (Specimen C) (Found in air-dried material : C, 48*5 ; H, 3*9 ; 
loss at 110° in a high vacuum, 9-0. Found in anhydrous material : 
C, 53*3; H, 3*1%). 

The crystals of this specimen were deep red prisms by transmitted 
light and olive-green in mass ; under some conditions, which it is not 
possible to define precisely, the material separated in ill-defined 
granules, and occasionally as opaque aggregates, from which well- 
shaped crystals appeared to protrude. 

The residue B» (above) crystallised directly from methyl alcohol- 
hydrochloric acid (9 vols. CH 4 0 and 1 vol. 30% hydrochloric acid) 
(Specimen D), and the material recovered from the mother-liquor 
was crystallised in the usual way from 25% hydrochloric acid 
(Specimen E), Subsequent to these experiments, it was found that 
less difficulty was experienced in crystallising the delphinidin 
chloride, made substantially as described, if the hydrogen used to 
displace air from the apparatus during the hydrolysis was freed from 
traces of oxygen by passage through an alkaline pyrogaJlol solution. 

The specimens B, C, D and E exhibited identical colour reactions, 
and these were, further, identical with those of specimens of 
delphinidin chloride prepared by demethylation of malvidin 
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(syringidin) chloride and by the hydrolysis of vicin picrate with 
hydrochloric acid. We are greatly indebted to Professor P. Karrer 
for kindly supplying the delphinidin chloride (ex malvidin) and the 
vicin picrate. Vicin is an anthocyanin of the sweet pea (Karrer 
and Widmer, Helv. Ghim. Acta , 1927, 10, 67) and is a delphinidin 
glucoside. 

The colours observed in a range of buffered solutions of definite 
under the conditions prescribed by Robertson and Robinson 
( Biochem . J., 1929, 23, 35) were the following, the observations in 
parentheses referring to 5-O-benzoyldelphinidin chloride. 

1% Hydrochloric acid, red with blue tinge (rose red, bluer than 
delphinidin and partly precipitated on standing), unchanged after 
15 minutes ; 10% hydrochloric acid, the same (similar, but all the 
salt was precipitated, leaving a colourless solution) ; (1) perman- 
ganate (purplish-red, fading to violet) ; (2) similar, but shade bluer 
[similar to (1)] ; (3) similar to (2) (no change) ; (4) not much change, 
violet-red (deeper violet) ; (5) deeper violet-red (deeper violet) ; (6) 
similar reddish- violet (bluer violet) ; (7) reddish-violet (violet-blue) ; 

(8) reddish- violet, bluer in thin layers (blue) ; (9) blue in thin layers, 
violet in thick layers (blue) ; (10) blue (blue with no violet tinge) ; 
(11) rather dull greenish-blue (blue) ; (12), (13) and (14), no change 
[(14) and (15) are greener and duller] ; (15) similar colour, quickly 
becoming slate blue and then very pale brown. 

After 15 — 20 minutes, the colours observed were : (1) faded rose 
pink (very weak violet) ; (2) and (3) weak violet [(2), (3) and (4) 
form a series in which a reddish- violet colour increased] ; (4) a little 
more intense reddish-violet; (5) and (6) more intense red dish - 
violet; (7) bluer violet; (8) weaker blue-violet; (9) — (13) inclusive, 
greenish-blue [(5), (6), (7), (8) and (9) form a series in which the 
violet colour becomes bluer; (10), (11) and (12) blue; (13) bluish- 
green] ; (14) weak, faded green (pale green) ; (15) yellowish-brown 
(pale brownish-yellow). 

After 1J hours, the colours were : (1), (2) and (3), weak violet, 
increasing in (4), (5) and (6), bluer in (7) and violet-blue in (8) ; 

(9) , (10), and (11) were green, tinged with blue; (12), (13), (14) and 
(15), yellowish-brown [all faded ; (1), (2), (3) and (4), increasing weak 
violet; (5), (6), (7) and (8), bluer; (9), (10) and (11), blue; (12), 
bluish-green; (13), pale green;' (14) and (15), pale brownish-yellow]. 

After 24 hours, (1), (2), (3), (4) and (5), practically colourless, with 
a small, flocculent, violet precipitate ; (6) very faint violet, no flocks ; 
(7) and (8), almost colourless ; (9) very faint yellow ; (10), (11), (12), 
(13) and (14), yellow, increasing in intensity to weak golden- 
yellow; (15), weaker yellow [(1), very faintly blue, a trace of violet 
flocculent precipitate; (2) and (3), faintly blue, a little more pre- 
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cipitate ; (4) and (5) weak blue, maximum precipitation ; (6) and 
(7), weak blue; (8), very pale blue, no precipitate; (9) and (10), 
almost colourless; (11), (12), (13), (14), (15), (16) and (17), weak 
lemon-yellow]. 

The comparisons of the different specimens of delphinidin chloride, 
natural and synthetic, disclosed no divergences whatever, either in 
regard to the shades of colour observed, the relative amounts of 
precipitates or the rate of change of the colours of the solutions. The 
specimens (B), (C), (D) and (E) had all the ordinary properties of 
delphinidin chloride as recorded by Willstatter and his collaborators, 
and specimen (D) was used for the preparation of the characteristic 
monohydrate under the conditions prescribed by Willstatter and 
Weil (Annalen, 1916, 412, 192). The experiment succeeded, and 
well-shaped, dark brownish- violet, rhombic plates, all of them 
elongated, as shown in some cases in Willstatter and Weil’s figure, 
were obtained (Found : loss at 110° in a vacuum, 6*0. 
Ci 5 H n 0 7 Cl,H s 0 requires H 2 0, 4-9%). The somewhat high value 
for the loss in weight may be due to loss of hydrogen chloride or to 
admixture with one of the other hydrates, but it is interesting to 
note that Willstatter and Weil (loc. tit.) found the loss in a vacuum 
desiccator to be 5*88% and 5*57 % in two experiments. 

The crystals of the monohydrate exhibited the behaviour towards 
5% hydrochloric acid which was described by Willstatter and Weil 
in the case of the specimen of natural origin. 

§-Hydroxy-2-benzoyloxyA-inethoxybenzaldehyde (VII). — The pre- 
paration of a monomethyl ether of 0 - b enz oy Iphloroglucmaldehyde 
was unsuccessfully attempted in several different ways, using methyl 
iodide and alkali-metal salts of the hydroxy-aldehyde, but the 
following process gave moderately satisfactory results. 

A mixture of O-benzoylphloroglucinaldehyde (2*5 g.), methyl 
iodide (4d g.), finely divided silver oxide (3*3 g.), and acetone (25 
c.c.) was mechanically shaken for 12 hours, filtered, and the preci- 
pitate washed with acetone. The pale yellow filtrates were united 
and the solvent was removed under reduced pressure. The orange- 
yellow viscous residue was dissolved in ether (50 c.c.), filtered from 
a trace of insoluble flocculent material, and washed with 10% 
aqueous sodium carbonate. Acidified, this fraction gave only a 
negligible amount of a colourless crystalline substance, although 
<?-benzoylphloroglucinaldehyde is readily removed from its solution 
in ether by this means. The ethereal solution was then twice 
shaken with 5% aqueous potassium hydroxide (10 c.c., 5 c.c.) and 
the alkaline solutions were separated and acidified with dilute 
acetic acid, without delay. This product was a pink crystalline 
precipitate and a colourless emulsion, which became resolved into a 
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mass of fine needles in the course of 4 — 5 hours ; yield, 1-9 g., m. p. 
95 — 102°. The ethereal solution was again washed with 5% 
potassium hydroxide solution, dilute sulphuric acid, and water; 
dried and evaporated, it gave an oily solid (0*23 g.) which consisted 
essentially of benzoyldimethylphloroglucinaldehyde (Robertson, 
Robinson, and Struthers, J., 1928, 1455). 

In a second experiment, O-benzoylphloroglucinaldehyde (5*2 g.) 
and methyl iodide (4*6 g.) in acetone (40 c.c.) were shaken with 
silver oxide (3*5 g.) during 5 hours, after which methyl iodide 
(4*6 g.) in acetone (10 c.c.) and silver oxide (3*5 g.) were added and 
the shaking was continued over-night. Benzoyldimethylphloro- 
glucinaldehyde (2 * 2 g., m. p. 143 — 145°) and benzoylmethylphloro- 
glucinaldehyde (1*5 g.) were isolated. 

6-Hydroxt/’2-benzoyloxy-4-r/iethoxybenzaldehyde crystallised from 
ethyl alcohol in colourless plates, m. p. 109° (Found: C, 66*0; 
H, 4*5* C 15 H 12 0 5 requires C, 66*2 ; H, 4*4%), easily soluble in 
benzene and chloroform, very sparingly soluble in light petroleum 
and insoluble in water. The alcoholic solution gives a brownish- 
red coloration with ferric chloride. A solution of the aldehyde 
(1*8 g.) in cold 10% aqueous sodium hydroxide (10 c.c.) was kept in 
an atmosphere of hydrogen (probably unnecessary) during 4 hours. 
The acidified solution was extracted with ether, and the extract 
was washed with aqueous potassium bicarbonate, in order to remove 
benzoic acid, then with water, dried, and evaporated. The colour- 
less residue crystallised from benzene in slender needles, m. p. 
141 — 142°, unchanged by further recrystallisation from water. 

This aldehyde is identical with phloroglucinaldehyde 4-methyl 
ether,, isolated by Karrer and Bloch (Helv. Ohim . Acta, 1927, 10, 
374) from the product of methylation of phloroglucinaldehyde by 
diazomethane, and from the mixture of aldehydes obtained from 
O-monomethylphloroglucinol by the Gattermann reaction. We 
were able to confirm this by direct comparison with a specimen of the 
substance kindly sent to us by Professor Karrer; the m. p. of a 
mixture of the specimens was not depressed. 

6-Hydroxy-2-benzoyloxy-4-benzyloxybe7izaldehyde . — A solution of 
O-benzoylphloroglucinaldehyde (5*4 g.) and benzyl chloride (7*5 g.) 
in acetone (40 c.c.) was shaken during 14 hours with silver oxide 
(7*0 g.). The silver compounds were separated, washed with acetone, 
and the united solutions evaporated in a vacuum. The residue was 
dissolved in ether and the solution washed first with aqueous sodium 
carbonate and then with 5% aqueous potassium hydroxide. The 
latter fraction was acidified without delay and the precipitated oil, 
which solidified in the course of a few hours, was taken up in benzene 
and the dried solution concentrated to 5—6 c.c. Crystals of the 
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benzylated aldehyde separated, and these were collected (yield, 
1*5 g. ; m. p. 198°) and recrystallised first from benzene containing 
ethyl alcohol (m. p. raised to 201 — 203°) and finally from light 
petroleum, forming thin, colourless, rhomboidal plates, m. p. 202 — 
203° (Found : C, 72*6; H, 44. C 21 H 16 0 5 requires C, 724; H, 
4*6%). The aldehyde is easily soluble in ethyl alcohol, more 
sparingly soluble in benzene and very sparingly soluble in light 
petroleum. In alcoholic solution, it gives with ferric chloride a 
reddish-brown coloration which suggests that the substance is 
6 -hydroxy -2 - benzoyloxyA-benzyloxybenzaldehyde . 

4 : 6-Diacetoxy-2~methoxybenzaldehyde. — 2 - O - Methylphloroglucin - 
aldehyde (Herzig and Wenzel, Monateh., 1903, 24, 860; Karrer and 
Glattfelder, Helv. Chim. Acta , 1921, 4, 724) was prepared from 
phloroglucinol monomethyl ether (Herzig and Aigner, Monatsh ., 
1900, 21, 435) by the Gattermann reaction. In the final stage, it 
was found advisable to wash the aid inline hydrochloride with fresh 
ether, to dry it in a vacuum, and to hydrolyse it at 80° with about 
10 times its weight of water for 25 — 30 minutes. The aldehyde 
crystallised during the process in yellow needles, which were almost 
pure, m. p. 200 — 202°, after a single recrystallisation from dilute 
alcohol. When hydrolysis is effected in the presence of mineral 
acid, the product is brown (Herzig and Wenzel, loc. cit.) and dis- 
solves in aqueous sodium carbonate with a greenish fluorescence 
which renders it valueless for our purpose. 

The aldehyde was only incompletely acetylated by ice-cold 
aqueous sodium hydroxide (4 mols.) and ethereal acetic anhydride 
(3 mols.), but readily under the conditions of Pratt and Robinson 
(J., 1925, 1184). Anhydrous potassium carbonate (2 g.) was added 
in small amounts to a mixture of acetic anhydride (5 c.c.) and finely 
powdered 2-O-methylphloroglucinaldehyde (1 g.) so as to maintain 
a vigorous evolution of carbon dioxide. The pasty mass was kept 
for 1 hour, water added, and the product stirred with potassium 
bicarbonate until the excess of acetic anhydride had been decom- 
posed; it was then collected, washed with water, and dried. Re- 
crystallised from benzene-light petroleum, light petroleum, and 
finally ligroin, the 4 : 6-diacetoxy-2 -rmthoxybenzaldehyde formed 
colourless plates, m. p. 107° (Found : C, 56*8; H, 4*6. C 12 H 12 0 6 
requires C, 57*1 ; H, 4*8%). This derivative was very easily soluble 
in alcohol or benzene, more sparingly so in ligroin, light petroleum 
or ether. An alcoholic solution gave no reaction with ferric chloride, 
but when an aqueous-alcoholic solution was heated hydrolysis 
occurred and a reddish-brown ferric chloride reaction was observed. 

The substance was also obtained by the methylation of O-diacetyl- 
phloroglucinaldehyde (Robertson and Robinson, J., 1927, 1712), 
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in the preparation of which the following quantities were employed : 
phloroglucinaldehyde 5 g., acetic anhydride 14 c.c., A-sodium 
hydroxide 100 c.c. The yield was about 6 g., m, p. 102 — 103°, 
from 20 g. of phloroglucinaldehyde. O-Diacetylphloroglucin- 
aldehyde (1*05 g.) and methyl iodide (2*1 g.) in acetone (5 c.c.) were 
shaken with silver oxide (1*8 g.) during 6 hours. Isolated in the 
usual manner, only 0*1 — 0*2 g. of material, insoluble in sodium 
hydroxide, was obtained. O-Diacetylphloroglucinaldehyde (2*4 g.) 
and methyl iodide (4*5 g.) in acetone (15 c.c.) were shaken with silver 
carbonate (6 g.) during 16 hours ; evolution of carbon dioxide then 
appeared to have ceased. The silver compounds were separated 
and washed with acetone, and the filtrates evaporated in a vacuum. 
The residue crystallised in contact with ether in colourless elongated 
plates (0*9 g., m. p. 106 — 107°). The mother-liquor furnished a 
small additional amount (0*5 g.) of crystalline material. Recry- 
stallised from ligroin, the main fraction was obtained in colourless 
elongated plates, m. p. 107 — 108° alone or mixed with the acetylated 
2-methylphloroglucinaldehyde. 

5-O-Benzoyl-l : 3' : 5 ' - O - trimethyldelphinidin Chloride . — In the 
presence of dry hydrogen chloride, a solution of 4- O-methylphloro- 
glucinaldehyde in ethyl acetate or ether rapidly becomes brownish- 
red and deposits a brownish or reddish-brown amorphous substance 
(xanthylium salt ?). For this reason, the benzoylated aldehyde was 
employed for the condensations to fiavylium salts. A solution of 
4-0-methyl-2-0-benzoylphloroglucinaldehyde (1*35 g.) and oo-acet- 
oxy-4-benzyloxy-3 : 5 -dimethoxy acetophenone (1*72 g.) (Bradley 
and Robinson, J., 1928, 1560) in ethyl acetate (30 c.c.) was cooled 
in ice while being saturated with dry hydrogen chloride, and then 
kept at room temperature over-night. An intense reddish-purple 
solution was very rapidly formed, and the fiavylium salt crystallised 
in fine needles, which were collected, washed with ethyl acetate, 
ether, and dried, forming a green spongy mass (yield, 1*98 g.). An 
additional amount of equally pure material (0*15 g.) separated from 
the mother-liquor during 48 hours. The salt was recrystallised by 
cooling a hot solution in methyl alcohol containing concentrated 
hydrochloric acid (about 7 vols. %); the fine needles obtained 
appeared purple by transmitted and lustrous green by reflected 
light (Found : C, 59*5 ; H, 4*6; Cl, 6*8. C 25 H 21 0 S C1,H 2 0 requires 
C, 59*8; H, 4*6; Cl, 7*1%). 

This salt is practically insoluble in hydrochloric acid; hot 1% 
hydrochloric acid dissolves it to a pink solution which, when cold, 
gives with aqueous sodium carbonate only a yellow coloration. 
The violet-red alcoholic solution is readily decolorised on dilution, 
and the colour is restored by the addition of acid. A freshly pre- 
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pared solution of the salt in methyl alcohol gives, with sohd sodium 
acetate, only a lilac coloration. Aqueous sodium carbonate, added 
to an acidified methyl-alcoholic solution, gives a pale blue coloration, 
which fades almost completely. Under the same conditions, 5% 
sodium hydroxide solution gives a bluish-green solution which 
rapidly becomes pale green and finally yellow. The solution of the 
salt in concentrated sulphuric acid is violet-red and not fluorescent. 

7:3': 5'-Q-Trimethyldelphinidin Chloride (Hirmtidin Chloride) 
(VI). — Hydrolysis of the benzoyl derivative could not be con- 
veniently effected by aqueous sodium hydroxide, since complete 
solution was not attained even after several hours. After several 
trials, the following procedure was adopted. The crude crystalline 
benzoyl derivative (0-7 g.) was finely powdered and suspended in 
methyl alcohol (7 c.c.) through which a current of hydrogen was 
passed. Potassium hydroxide (0*9 g.) in water (3 c.c.) was then 
added. Dissolution was effected in 10 — 15 minutes, and the blue 
solution initially produced changed slowly through green to deep 
orange. After 4 hours, concentrated hydrochloric acid (34 c.c.) 
was added, and this precipitated a voluminous colourless solid 
which filled the liquid. Gently warmed at 50 — 60° during 25 — 30 
minutes, this dissolved to a clear, deep red solution, from which the 
debenzoylated fiavylium salt separated during the process in a well- 
crystallised condition (yield, 0*26 g.), leaving the mother-liquor 
almost colourless. 

This crude product was dried, washed with ether, and a portion 
(04 g.) added to boiling methyl alcohol (60 c.c.). After 4 — 5 minutes, 
the solution was filtered (undissolved residue, 0*06 g.) and concen- 
trated hydrochloric acid (2 c.c.) was added to the filtrate, which was 
kept at 50 — 55° while concentrated hydrochloric acid (8 c.c.) was 
added in portions of 1 c.c. : each addition was accompanied by the 
precipitation of a quantity of the fiavylium salt. After 12 hours, 
the crystals were collected and dried in air (yield, 0*15 g.). The salt 
was obtained in short, dark red, pointed prisms, which were 
frequently arranged in rosettes (Pound : 0,56*5; H, 4*6; Cl, 9*1. 
Ci 8 H i7 0 7 QL requires C, 56*8 ; H, 4*5 ; Cl, 9*3%). 

Heated with water, the salt dissolves to a weak red solution with 
a slight violet tinge, but this fades rapidly at the boiling point and 
becomes colourless ; the red colour is restored by the addition of 
acid. In hot 0*5% hydrochloric acid, the salt is already sparingly 
soluble; it dissolves to a reddish solution, whereas a cold saturated 
solution in 4% hydrochloric acid is only pink. The cooled solution, 
in hot 0*25% hydrochloric acid presumably contains much pseudo- 
base, since excess of aqueous sodium carbonate gives a brownish- 
green solution which changes to olive-green. The fresh dilute; 
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solution in methyl alcohol is violet-red and gives with sodium 
carbonate solution or solid sodium acetate a pure blue coloration. 
On the other hand, when the solution is kept for some time previous 
to the test, a greenish-blue coloration is obtained. The salt dissolves 
in aqueous N /10-sodium hydroxide to a purple-blue solution which 
rapidly becomes crimson-blue (dichroic) and then fades to emerald- 
green. 

5:3': 5'-0 -Trimethyldelphinidin Chloride (Y). — 2-0-MethyI- 
phloroglucinaldehyde resembles its isomeride in yielding in ethereal 
ethyl acetate or formic acid solution, in the presence of dry hydrogen 
chloride, an amorphous brownish-red substance, which is soluble in 
water and alcohol but insoluble in ether or benzene and dissolves in 
aqueous alkalis to red solutions exhibiting green fluorescence. 

In many of our preliminary experiments on the aldehyde-ketone 
condensations, a fluorescent by-product was obtained, and the 
intensity of the fluorescence was apparently greater than that 
resulting by self-condensation of the aldehyde alone. The propor- 
tion of this by-product appeared to be smaller in formic acid than in 
ethyl acetate solution, and it was completely eliminated by the 
following procedure. 

A solution of o>-acetoxy-4-benzyloxy-3 : 5 -dimethoxy acetophenone 
(20 g.) in formic acid (10 c.c.) was saturated with dry hydrogen 
chloride at room temperature, and 2-0-methylphloroglucinaldehyde 
(0*8 g.) was then added in several small portions during 5 hours. A 
deep crimson solution was rapidly formed (in previous experiments 
the medium became brownish-red) and a well-crystallised substance 
separated. After 12 hours this was collected, washed with formic 
acid and then with ethyl alcohol (8 c.c.) conta inin g concentrated 
hydrochloric acid (2 c.c.), and dried in the air (0*35 g.). An addi- 
tional amount of material separated during 2 days, but the solution 
was too viscous to permit of filtration and the salt was more con- 
veniently isolated by diluting the product with alcohol (50 c.c.) 
containing concentrated hydrochloric acid (20 c.c.) and collecting 
the precipitate which slowly formed. This fraction was not com- 
pletely crystalline (yield, 0*9 g.). 

The crystalline material was recrystallised by solution in methyl 
alcohol containing 2*5% by volume of concentrated hydrochloric 
acid and addition of concentrated hydrochloric acid to the filtered 
solution (Found : O, 56*1 ; H, 4*5 ; Cl, 9*1%). This specimen was 
recrystallised by dissolving 0*1 g. of the salt in methyl alcohol 
(350 c.c.) containing concentrated hydrochloric acid (9 c.c.), and 
adding concentrated hydrochloric acid (40 c.c.) to the filtered solu- 
tion* Collected and dried in air, this material was a green crystalline 
powder having a bright yellow lustre (Found : 0, 56*1; H, 4*5; 
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Cl, 9*2. C 18 H 17 O 7 Cl,0*25H 2 O requires C, 56-1 ; H, 4*5; Cl, 9-2%). 
It was seen under the microscope to consist of dark red, hexagonal 
tables and short slender prisms, and it may have contained two 
hydrates, as the analyses suggested, one having been precipitated 
immediately on the addition of acid to the warm solution and the 
other having crystallised more slowly on cooling. The salt dissolves 
in sodium carbonate solution with a pure blue colour, and the same 
colour is obtained by adding sodium acetate to a freshly prepared 
solution in methyl alcohol. 

To test the possibility of the presence of benzylated material, a 
portion of the specimen first analysed (0*1 g.) was finely powdered, 
suspended in glacial acetic acid (100 c.e.), and heated at 80° in a 
stream of dry hydrogen chloride during 3 hours. Only a very small 
portion of the salt dissolved, but complete debenzylation was assured 
under these conditions. The product was collected, washed, and 
dried : it gave the same qualitative reactions as the original 
specimen. 

Comparison of the Colour Reactions of Hirsutidin Chloride (H) with 
those of 7 : 3' : 5'-0 -Trimethyldelphinidin Chloride (S) and of 5 : 3' : 5'- 
O - Trimethyldelphinidin Chloride (A). — All the reactions of H were 
found on direct comparison to be identical with those of S and to 
differ from those of A. When ammonia was added to an alcoholic 
solution, a greenish-blue solution resulted ; when derived from H or 
' S, this was blood-red by transmitted artificial light, but under these 
conditions the A solution was violet or bluish- violet. Ry transmitted 
sunlight, H and S solutions were blue and violet in thick layers ; A 
was greenish-blue. Alcoholic solutions of H and S were magenta ; 
that of A was violet. 

Under the standard procedure of Robertson and Robinson {loc. 
cit.), the colours in a range of buffered solutions from p K 3*2 to 
11*6 were the following : — 

H and S : (1) bluish-red, rapidly changing to brownish-red ; (2) 
the same ; (3) reddish-brown ; (4) weak brownish-red ; (5) violet 
tinged brownish-red ; (6) fading violet ; (7) bluish- violet, blue in 
thin layers; (8) — (15) inclusive, blue, red in shade by comparison 
with (A) solutions. 

After J hour: (1), (2), (3) and (4), almost colourless but more 
coloured than (A) solutions; (5) very weak brownish-red; (6), (7) 
and (8), increasing violet; (9) — (12), blue, violet by transmitted 
artificial light; (13), (14) and (15), blue, redder violet by trans- 
mitted artificial light. 

After 24 hours ; (1)- — (5), colourless; (6) — (8), increasing pale 
violet; (9) — (12), bluish-green ; (13)— (15), greenish-blue. 

(A) gave colours in marked contrast, on direct comparison : (1) 
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bluish-red ; (2) same ; (3) same, but fading ; (4) bluer red, fading 
quickly ; (5) reddish-violet, fading ; (6) violet, fading ; (7) and (8) 
no change ; (9) — (15) inclusive, blue with green shade. 

After J hour : (1) — (8), almost colourless; (9) very pale violet- 
blue; (10) blue, very different from (9); (11) — (15), greenish- 
blue. 

After 24 hours : (1) and (2), colourless ; (3), (4) and (5), colourless, 
minute flocculent precipitate (none in H and S) ; (6), (7), (8) and (9), 
very feeble yellowish-green; (11) and (12), very pale greenish- 
yellow; (13) weak orange-yellow ; (14) and (15), pale orange. 

Throughout, blue solutions of H and S were much redder by 
artificial light, but A gave blue solutions even when examined by 
artificial light. 

4 : o-Dihydroxy-S-methoxybenzaldehyde (XI). — A mixture of 5- 
bromovanillin (31 g.), copper bronze (12 g.), and 8% sodium 
hydroxide solution (600 c.c.) was heated in a rotating autoclave at 
200 — 210° during 1 hour. The cooled product was acidified with a 
slight excess of dilute sulphuric acid and filtered from a small tarry 
precipitate; after 12 hours, crystalline material (0*98 g.) had 
separated and this also was removed. The dark filtrate (1400 
c.c.) was concentrated under diminished pressure. The distillate 
(800 c.c.) gave only 0*24 g. of a red insoluble precipitate when mixed 
with an excess of 2 : 4-dinitrophenylhydrazine hydrochloride in 
2iY-hydrochloric acid. The residual solution was extracted with 
ether and the dark product so isolated was extracted with benzene, 
yielding almost pure 3-0 -methylgallaldehyde (19*4 g.), m. p. 129 — 
131° with slight previous softening. The aldehyde crystallised 
from water, benzene or light petroleum in almost colourless needles, 
m. p. 132 — 134° (Found in material dried at 100° in a vacuum : 

G, 57*3; H, 4*8. C 8 H 8 0 4 requires C, 57*1 ; H, 4*8%). 

The 2 : 4 -dinitrophenylhydrazone was precipitated when a cold 
solution of the aldehyde (0*44 g.) in water was added to an excess 
of 2 : 4-dinitrophenylhydrazine in 2A-hydrochloric acid. The 
solid was collected and dried at 100° (yield, 0*83 g. Calc., 0*88 g.). 
The hydrazone crystallised from ethyl alcohol, in which it was 
sparingly soluble, in dark red, pointed prisms, which began to 
decompose at 230° (Found in material dried over sulphuric acid : 
C, 48*2; H, 3*7; X, 15*5, 15*9. requires C, 48*3; 

H, 3*5; N, 16-1%). 

Methylation. Methyl sulphate (2*5 g.) and aqueous sodium 
hydroxide (10 c.c. of 10%) were added gradually and alternately to 
a suspension of the aldehyde (0*5 g.) in water (5 c.c.). The whole 
was mechanically shaken during 1 hour and then sodium hydroxide 
solution (10 c.c. of 20%) was added and the shaking continued. 
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During this process, the methylated aldehyde separated from the 
strongly alkaline solution in colourless needles (.0*33 g.), m. p. 
73 — 75°, and, after recrystallisation, m. p. 74 — 75° (Heffter and 
Capellmann give m. p. 77°, and Semmler and Mauthner, respec- 
tively, record the m. p.’s 75° and 74 — 75° for 3:4: 5-trimethoxy- 
benzaldehyde). 

Acetylation . The aldehyde (1*7 g.) was acetylated by dissolving 
it in ether containing acetic anhydride (6 g.) and shaking the solution 
with water to which 5% aqueous potassium hydroxide (68 c.c.) was 
added in small successive amounts, the whole being cooled to 0°. 
The separated ethereal solution was washed with 5% aqueous 
potassium hydroxide, then with dilute sulphuric acid and water. 
The product crystallised from benzene-light petroleum in needles, 
m. p. 98 — 99° (Shriner and McCutchan record the m. p. 102—103° 
for the acetylation product, prepared by another method, and, on 
analysis, obtained data in agreement with the formula C 12 H 12 0 7 , 
which indicates that the substance crystallises with 1H 2 0). 

Methyl 6-Hydroxyl : 4:-diphenylmethylenedioxybenzoate (VIII). — 
In the course of preliminary experiments on the condensation 
of diphenyldichloromethane with methyl gallate, considerable 
quantities of a sparingly soluble, oily by-product, probably 
GPh 2 [O-C 6 H 2 (0H) 2 *C0 2 Me] 2 , were obtained. A two-stage process 
under the following conditions gave the best results. 

A solution of methyl gallate (84 g.) and pyridine (36*5 c.c.) in 
aeetone (200 c.c.) was added to one of diphenyldichloromethane 
(108 g.) in acetone (100 c.c.) and kept for 12 hours. A solution of 
sodium hydroxide (37 g.) in water (100 c.c.) was then slowly added ; 
the temperature rose and reached the boiling point of the mixture ; 
after 2 hours, the whole was added to water (2000 c.c.). The brown 
oily material was separated and dissolved in ether, and the extract 
washed with aqueous sodium carbonate and then with aqueous 
sodium hydroxide (20 g. in 400 c.c.). The methyl ester precipitated 
from the latter extract on acidification was collected ; it crystallised 
from benzene (yield, 60 g. ; m. p. 163° after two crystallisations) in 
colourless needles, m. p. 165° (Found : C, 73*6; H, 5*0 ; loss at 110° 
in a vacuum, 10*1. C 21 H 16 0 5 ,0*5C 6 H 6 requires C, 73*7; H, 5*1; 
C 6 H* 10*1%). 

The presence of benzene in this material was confirmed by means 
of a test devised by Professor W. Ramsden. This can b® used for 
the detection of traces of aromatic hydrocarbons, and depends on 
the insoluble film (often pink) obtained by condensation with 
formaldehyde in the presence of concentrated eulphuiie acid. It 
may be demonstrated by shaking one drop of with half a 

test-tube full of water, pouring away the a few 
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c.c. of sulphuric acid and two or three drops of 40% aqueous 
formaldehyde. 

Methyl Z-MethoxyA : 5-diphenylmethylenedioxybenzoate (Methyl 
ester of IX). — Methyl hydroxydiphenyhnethylenedioxybenzoate (68 
g.) was dissolved in hot methyl alcohol (300 c.c.), the solution cooled 
and forthwith mixed with an alcoholic solution of sodium ethoxide 
(4-5 g. of sodium in 50 c.c.) and methyl iodide (20 c.c.). The 
mix ture was gently boiled for i hour and, on cooling, short colourless 
prisms (61 g.), m. p. 134-5°, separated; the m. p. was not raised 
by recrystallisation (Found: G, 72*8; H, 5*2. C 22 H 18 0 5 requires 
C, 72*9 ; H, 5*0%). The ester (20 g.) was refluxed for 2 hours with 
water (100 c.c.) and potassium hydroxide (6 g.) ; the precipitate 
obtained on acidification of the cooled solution crystallised from 
aqueous acetone in thick polyhedral plates (16 g.), m. p. 217° (Found : 
C, 72-3 ; H, 4*7. C 21 H 1? 0 5 requires C, 72-4; H, 4-6%). 

This Z -methoxy A : 5-diphenylmethylenedioxybenzoic acid (8 g.) was 
mixed with carbon tetrachloride (12 c.c.) and phosphorus penta- 
chloride (8 g.), and the whole gently boiled until the evolution of 
hydrogen chloride slackened. The chloride crystallised, on the addi- 
tion of light petroleum to the cooled clear liquid, in large compact 
prisms (1-5 g.), m. p. 109° (Found : Cl, 9-9. C 21 H 15 0 4 C1 requires 
Cl, 9-7%). 

o> - Diazo - 3 - methoxy -4:5- diphenylmetkylenedioxyacetopherione , 
CPh 2 0 2 IC 6 H 2 (0Me)*C0-CHN 2 . — A solution of methoxydiphenyl- 
methylenedioxybenzoyl chloride (8*5 g.) in chloroform (20 c.c.) was 
slowly added to an ethereal solution of diazomethane (from 13 c.c. 
of nitrosomethylurethane and 75 c.c. of ether) cooled in a freeing 
mixture. A brisk evolution of nitrogen occurred and pale yellow 
needles separated (7*5 g.). The substance crystallised from benzene- 
light petroleum in yellow needles, which became darker at 135° and 
decomposed from 160—170° : these temperatures, however, are not 
characteristic and depend on a particular rate of heating (Found : 
C, 70*7; H, 4-6; N, 7*2. C 22 H 16 0 4 N 2 requires C, 70*9; H, 4*4; 
N, 7*5%). 

to - Acetoxy- 3 - methoxy -4:5- diphenylmethylemdioxyacetophenone 
(XII). — The foregoing diazo-ketone (7*5 g.) was cautiously heated 
with acetic acid (20 c.c.) on the steam-bath for 15 minutes ; the acetic 
acid was then distilled in a good vacuum. The residue crystallised 
from benzene-light petroleum in stout prisms (6*3 g.),m. p. 126—127° 
(Found ; C, 71*6; H, 5*2. C 24 Hg 0 O 6 requires C, 71*3 ; H, 5*0%). 

* Z-O-Methylgallic Acid (X).— A mixture of methyl 3-methoxy- 
4 : 5-diphenyhnethylenedioxybenzoate (40 g.) and concentrated 
hydrochloric acid (150 c.c.) was refluxed for 2 hours, cooled, ahd 
neutralised with potassium bicarbonate. The undissolved benzo- 
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phenone was pulverised, and the filtered solution acidified with 
hydrochloric acid, giving 16 g. of grey needles. The acid crystallised 
from water (charcoal) in elongated colourless prisms, m. p. 220°, in 
agreement with Fischer’s statement (be. cit.). The air-dried pro- 
duct was found to contain JH 2 0 (Found : C, 49-6 ; H, 4-8 ; loss at 
110° in a vacuum, 4*8. Calc, for C 8 H 8 0 5 ,JH 2 0 : C, 49*7 ; H, 4*7 ; 
H 2 0, 4*7%). The diacetyl derivative was obtained by heating the 
acid (16 g.) with acetic anhydride (60 g.) and zinc chloride (1*5 g.) 
on the steam-bath for 2 hours. The product was purified by solu- 
tion in aqueous potassium bicarbonate and recovery; it finally 
crystallised from aqueous alcohol in colourless prisms (17 g.), m. p. 
170—171° (Found: C, 58*8;. H, 4*7. C 12 H 12 0 7 requires C, 53*7; 
H, 4-5%). 

4 : 5-Dmcetoxy-S-methoxy benzoyl chloride was obtained by heating 
a mixture of the acid (15 g.), phosphorus pentachloride (12 g.), and 
chloroform (17 c.c.) until solution occurred and the reaction was 
completed. On addition of light petroleum and cooling in a freezing 
mixture, the derivative separated; it crystallised from carbon 
tetrachloride in stout prisms, m. p. 109° (Found: Cl, 12*6. 
CisjHnOgCl requires Cl, 12*4%). 

<*-Diazo- 4 : 5-diacetoxy-3-?nethoxyacetophenone, 
(AcO) 2 C 6 H 2 (OMe)*CO-CHN 2 , 

was obtained by the usual method and precipitated from the reaction 
mixture on the addition of light petroleum as a quickly crystallising 
oil (7 g. from 9*5 g. of the chloride). It crystallised from benzene- 
light petroleum at a low temperature in pale yellow, short prisms, 
m.^p. 90—91° (Found: C, 53*4; H, 4*4; N, 9-2. C 13 H 12 0 6 N 2 
requires C, 53*4; H, 4*1 ; N, 9*6%). 

co : 4 : 5 - Triacetoxy-3 -methoxycLcetophenoTie (XIII). — The foregoing 
diazo-ketone (5 g.) gave in the usual way 4*8 g. of pale yellow prisms. 
The substance crystallised from benzene-light petroleum in elongated 
prisms, m. p. 138*5°, softening at 136° (Found : C, 55*4; H, 5*0. 
Ci5H 16 0 8 requires C, 55*5; H, 5*0%), 

5-0-Benzoyl-S'-0~metJiyldelphinidin Chloride (XIV). — (A) This is 
much the better of the two methods for the preparation of the salt ; 
the condensation occurs with greater facility and the yield is higher 
than in (B). 

A solution of a>-acetoxy-3-methoxy-4 : 5-diphenylmethylene- 
dioxyacetophenone (1*6 g.) and 2-0-benzoylphloroglucinaldehyde 
(1 g.) in ethyl acetate (60 c.c.) was cooled in melting ice, saturated 
with hydrogen chloride, and kept for 12 hours under the pressure 
of the hydrogen chloride generator. The dark violet deposit 
of prisms, brown by transmitted light under the microscope, was 
collected (1 g.) and crystallised (0*9 g.) by solution in hot ethyl 



PYBYLIUM SALTS OF ANTHOCYAXIDIN TYPE. PART XIX. SI 5 

alcohol (200 c.c.) containing a few drops of concentrated hydrochloric 
acid and addition of 7% hydrochloric acid (200 c.c.) to the filtered 
solution. The glistening needles (0-5 g.) that separated had a fine 
bronze lustre (Found: C, 55*9; H, 4*4; MeO, 6*0; Cl, 7-1. 
C 23 H 17 0 8 C1,2H 2 0 requires C, 56*1 ; H, 4*3 ; IMeO, 6*3 ; Cl, 7*2%)* 

The substance is insoluble in water and acetone and very sparingly 
soluble in hot dilute hydrochloric acid. It gives a crimson alcoholic 
solution, becoming blue on the addition of ferric chloride. The 
alkali-colour reactions resemble those of O-benzoylcyanidin and 
O-benzoyldelphinidin chlorides. 

(B) A mixture of co : 4 : 5-triacetoxy-3-methoxyacetophenone 
(1*2 g.), 2-O-benzoylphloroglucinaldehyde (1 g.), and alcohol 
(25 c.c.) was cooled in melting ice and saturated with hydrogen 
chloride whilst being vigorously mechanically stirred. The temper- 
ature was then maintained at 35° for 2 hours, after which the dark 
red, homogeneous liquid was cooled in ice, and acetyl chloride (25 
c.c.) slowly added during 1 hour. Next day, the violet deposit was 
collected (0*5 g.) and crystallised as described under (A). The 
colour reactions and other properties of this specimen were identical 
with those of the product obtained by the method A. It was 
apparent that the presence of the acetoxy-groups attached to the 
aromatic nucleus retarded the condensation, and flavyhum salt was 
only obtained under conditions favouring the removal of the acetyl 
residues by hydrolysis. Herein lies the explanation of the necessity 
for the period of heating at 35° and the selection of a hydroxylic 
solvent. 

3' -Q-Methyld&lphinidin Chloride (XV). — The benzoyl derivative 
(0*5 g.) was added to alcohol (5 c.c.) and 10% aqueous sodium 
hydroxide (5 c.c.), and the mixture kept for 2 hours and occasionally 
shaken ; air was excluded by hydrogen, washed by permanganate 
and alkaline pyrogallol. After the addition of concentrated 
hydrochloric acid (3 c.c.), the whole was heated on the steam-bath 
for 1 hour, cooled, and more hydrochloric acid (10 c.c.) added. The 
dark precipitate was washed with acetone and ether and, dried. 
The crude product was dissolved in ethyl alcohol (125 c.c.), contain- 
ing a few drops of concentrated hydrochloric acid, and the filtered 
solution mixed with an equal volume of 7 % hydrochloric acid. The 
chloride crystallised in yellowish-green, elongated, rhombohedral 
plates, yellowish-brown by transmitted light under the microscope 
(Found : C, 51*6; H, 4*0 ; Cl, 9*6; loss at 110° in a vacuum, 3*4. 
Found in material dried at 110° : C, 53*4; H, 3*9; Cl, 9*8. 
Ci«H 13 0 7 C1,H 2 0 requires C, 51*9; H, 4*1 ; Cl, 9*6; JH 2 0, 2*4%. 
Ci 6 Hi 3 0 7 C1,JH 2 0 requires C, 53*2 ; H, 3*9 ; Cl, 9*8%). Apparently 
the salt loses rather more than JH 2 0 at 110°, but, being then very 
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hygroscopic, regains the composition C 16 H 13 0 7 C 1 ,JH 20 during the 
brief period of exposure preceding the analysis of the dried material 
by combustion. 

3'-0 -Methylddphinidin chloride closely resembles cyanidin 
chloride in its general properties ; the alcoholic acid solutions are 
a little bluer, and the precipitation of colour-base on the addition of 
water, so characteristic of cyanidin, does not take place to the same 
extent. The colour reactions in a range of buffered solutions 
{Robertson and Robinson, loc. cit.) were the following 

(1) Deep cherry-red; (2) very slightly bluer; (3) the same; 
(4) a little bluer; (5) a little bluer, still cherry-red; (6) reddish- 
violet ; (7) bluer reddish- violet ; (8) bluer violet ; (9) violet-blue in 
thin layers; (10) blue; (11), (12) and (13), greener blue; (14) 
greenish-blue, fading very rapidly; (15) greenish-blue, quickly 
changing to pale green. (3), (4) and (5) faded rapidly to brownish- 
red, and the presence of colour-base was confirmed by centrifuging 
the solution in a high-speed apparatus, a solid deposit and a colourless 
solution then being obtained. 

After 3| hours, the colours were ; (1) and (2), colourless; (3), 
(4) and (5), colourless, brownish-red precipitate ; (6) reddish-violet, 
a little precipitate; (7), (8) and (9), violet; (10), (11), (12) and (13), 
a series from greenish-blue to bluish-green; (14) and (15), orange. 

After 24 hours : (1)— (8), colourless, with precipitate in (4), (5) 
and (6) ; (9) — (13), very weak orange to weak orange ; (14) and (15), 
a little deeper orange. 

These appearances (denoted as caused by S) were directly com- 
pared with those produced under the same conditions by natural 
petunidin chloride (P) (Willstatter and Burdick, loc, cit.), natural 
inyrtillidin chloride (M) (Willstatter and Zollinger, Annalen , 1915, 
408, 83 ; 1916, 412, 205), for specimens of which we are deeply 
indebted to Professor R. Willstatter, and with mixtures (DM) of 
malvidin chloride and delphinidin chloride* There was a very close 
resemblance between all these series when the anthocyamdin and 
buffered solutions were first mixed, especially between S and P, 
the only divergence being that P did not separate colour-base in 
(3), (4) and (5). S and P remained similar and, after 24 hours, 
were identical, but S and M diverged at several points after 10 
minutes, and this divergence reached a maximum after 1 hour; 
after 24 hours, there were still marked differences, but, on long 
keeping, both S and M exhibited the deepest orange colour at (9) 
and (10). ■ DM gave colours undoubtedly closer to M than to P, but 
there were differences between M and DM at certain points. Colori- 
metric observations of the blue ferric chloride and copper sulphate 
inactions in alcoholic solution showed that the order (stronger to 
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weaker) was : S, P, M, DM; the ratio of intensity S/P was about 
7/5. 

The only conclusion which can be legitimately drawn from these 
observations at the present stage is that petunidin is not perfectly 
pure 3'-£-methyldelphinidin, but it is still possible that the antho- 
cyanidin has essentially this constitution. Small percentages of 
impurities would suffice to change the crystal form and alter the 
composition of the hydrate. 

Further work on this unsolved problem is in progress. 

The authors wish to thank the Swiss Commission of the Ramsay 
Memorial Fellowships Trust for a fellowship awarded to one of 
them. 

The XJmvEBSiTY, Manchester. 

XJNrvEBsnrz' Coidege, London-. [Received, February 1th, 1930.] 


CVHL — Anthoxanthins. Part XI. A Synthesis of 
Diosmetin and of Luteolin 3 ' -Methyl Ether . 

By Albebt Lovecy, Robert Robinson, and Shigehtko Stjgasawa. 

The rhamnoglucoside, diosmin, was isolated in 1925 by Oesterle 
and Wander {Helv. Ghim. Acta , 8, 519) from Scrophularia nodosa, 
Hyssopus officinalis, as well as from species of Gonium, Barosma , 
Hedeoma, Menika, Toddalia, and Linaria, and found to yield an 
aglyeone, diosmetin (I), which was shown to be a methyl ether of 
luteolin. The isovanillin-type of orientation is so infrequently 



encountered in nature that it was thought desirable to synthesise 
diosmetin and the isomeride (II) which, according to A. G. Perkin 
(J., 1900, 77, 423), stands in a close relationship to scoparin from 
Gytisus scoparius (Link). 

The two flavones have been obtained by debenzylation of the 
benzyl ethers produced by condensation of phloracetophenone with 
sodium 0-benzylisovanillate and O-benzylvanillate, ‘ respectively. 
The methods employed are thus quite parallel with that devised 
for the synthesis of syringetin (Heap and Robinson, Part IX, J., 
1929, 67). The synthetic diosmetin and its triacetate were directly 
compared with specimens of the natural product and of its triacetate 
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kindly sent to ns by Professor 0. A. Oesterle, to whom we are 
deeply indebted, and no diYergences of behaviour were observed. 

Experimental. 

iso Vanillic Acid. — This substance can be obtained by the hydrolysis 
of veratric acid by means of acids, the methoxyl group in the 
m-position to the carboxyl being preferentially attacked (compare 
4-nitroveratrole ; Cardwell and Robinson, JV, 1915, 107, 255). 

A mixture of veratric acid (20 g.) and hydrobromic acid (200 c.c. 
of 40%) was boiled under reflux ; after 1 — If hours, a clear yellowish- 
brown solution was obtained, but in a short time a white substance 
was deposited; when the voluminous precipitate had become 
crystalline, it was collected on a sintered-glass filter-plate. The 
crude material (8 — 9 g.), m. p. 245 — 247° after sintering at 235°, 
was pure enough for many purposes ; once crystallised from water, 
it had m. p. 248 — 249° (Kterature, 250°). The hot acid filtrate 
deposited a white flocculent material on cooling and, by renewed 
treatment with boiling 40% hydrobromic acid, a further quantity 
of isovanillic acid (about 1 g.) was obtained (total yield, 50 — 55%). 

O-Benzyli&ovanillic Acid and Derivatives . — The direct benzyl- 
ation of isovanillic acid gave indifferent results, owing to separation 
difficulties, and accordingly we adopted the following processes : 

(A) Following Shinoda (J. Pharm, Soc. Japan , 1928, 48, 936), 
we prepared zsovanillin (25 g., m. p. 115°) by the semi-demethyl- 
ation of veratraldehyde (100 g.) by means of boiling 43% hydro- 
bromic acid (1500 g.) during 3 hours. The dark filtrate from tarry 
matter was extracted with chloroform, and the residue after removal 
of the solvent was dissolved in aqueous potassium hydroxide and 
freed from neutral substances by extraction with ether. The 
hydroxy-aldehyde was regenerated, isolated by means of chloroform, 
and crystallised from water (600 c.c.). 

Vanillin (90 g.), dissolved in a solution of potassium hydroxide 
(34 g.) in water (200 c.c.), was mixed with benzyl chloride (50 g.), 
and the whole heated (oil-bath at 110 — 120°) for 7 hours with 
frequent shaking. The product was isolated by extraction with 
chloroform and crystallisation from alcohol (yield, 80 g. ; recrystal- 
lised, 66 g., m. p. 62 — 63°) in colourless needles, m. p. 63° (Found : 
C, 74*4; H, 5*8. C 15 H 14 O s requires C, 74-5; H, 5*8%). Mixed 
with benzylvanillin (m. p. 63°), it melted at about 48°. Oxidation 
of O-benzylisovanillin was effected by means of potassium per- 
manganate in acetone solution, the best results being obtained in 
relatively small-scale operations (less than 15 g.). The acid crystal- 
lised from alcohol and then from ethyl acetate in white, elongated, 
hexagonal plates, m. p. 177 — 178°. 
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(B) This is the better of the alternatives, iso Vanillic acid gave 
an equal weight of the methyl ester (crystallised from ether-light 
petroleum; m. p. 65 — 66°) on treatment in the usual way with 
methyl alcohol and hydrogen chloride. 

Potassium hydroxide (5*5 g.) in methyl alcohol (50 c.c.) was added 
to a mix ture of methyl isovanillate (17 g.), benzyl chloride (12 g.), 
and methyl alcohol (25 c.c.), and the whole heated on the steam- 
bath for 5 hours. Potassium chloride and methyl O-benzylmo- 
vanillate separated from the hot solution and, after cooling, the 
ester was collected and washed with water (yield, 21*5 g. or 82%; 
m. p. 121°); recrystallised from methyl alcohol-acetone, it melted 
at 124° (Pound: C, 70*8; H, 6*1. C 16 H 14 0 4 requires C, 70*6; 
H, 5*9%). A mixture of methyl 0-benzyK«$ovanillate (52 g.), 
potassium hydroxide (12 g.), and water (120 c.c.) was heated on the 
steam-bath for 2 hours, and the clear solution then acidified. 
O-Benzylisovanillic acid , crystallised from acetic acid, had m. p. 177° 
(Pound: C, 69*4; H, 5*6. C 15 H 14 0 4 requires C, 69*8; H, 5*4%). 

O-Benzylisovanillic Anhydride . — A cold ethereal solution of pure 
thionyl chloride (3*7 g.) was added during 2 hours with stirring to a 
suspension of powdered benzyliso vanillic acid (12*5 g.) in dry ether 
(50 c.c.) and pyridine (5*3 g.) cooled in a mixture of ice and salt. 
The whole was kept at 0° for several hours with occasional shaking, 
crushed ice was then added, and the solid was collected and tritur- 
ated successively with ice-cold dilute hydrochloric acid, dilute 
aqueous sodium carbonate, and water, and dried in a vacuum 
(yield, 11 g. ; a small further quantity was recovered by means of 
ether). The anhydride crystallised from benzene or ethyl acetate 
in glistening needles, m. p. 156° after softening at 153° (Pound : 
C, 72*3; H, 5-3. C 30 H 26 O 7 requires C, 72*3; H, 5*2%). 

5:7- Dihydroxy - 3' - benzyloxy - 4' - methoxyfiavone (O - Benzyldi - 
osmetin). — An intimate mixture of phloracetophenone (5 g.), 0-ben- 
zyhsovanillic anhydride (60 g.)^, and sodium 0-benzylisovanillate 
(12 g.) was heated (oil-bath at 190 — 195°) for 6 hours, and the 
viscous reddish-brown mass was then poured as completely as 
possible into alcohol (200 c.c.). The residue in the flask was chipped 
out when cold and washed out with alcohol and the whole was 
refluxed for 2 hours. A solution of potassium hydroxide (25 g.) 
in water (30 g.) was added and the mixture was boiled gently for 
30 minutes and then evaporated under diminished pressure. The 
residue was dissolved in water and saturated with carbon dioxide, 
giving a yellowish-brown flocculent precipitate, which was redis- 
solved in 2% sodium hydroxide solution and reprecipitated by carbon 
dioxide (dry wt., 15 g.). Attempts to crystallise this material were 
unsuccessful, but after treatment with boiling alcoholic potassium 
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hydroxide about 2 g. of a yellow substance remained undissolved ; 
this was dissolved in 2% sodium hydroxide solution, and the 
flavone regenerated by means of carbon dioxide. The product now 
crystallised from acetic acid in pale yellow clusters of needles, 
m. p. 240° after sintering at 237° (Found : C, 70-6 ; H, 4*7. C 23 H 18 0 6 
requires C, 70*8; H, 4*6%). The alcoholic potassium hydroxide 
filtrate was also worked up and, by taking advantage of the insolu- 
bility of the impurities in alcohol, a further equal quantity of 
benzyldiosmetin, m. p. 237°, was recovered. 

O -TritmiyMiosmetin. — A solution of O-benzyldiosmetin (0*4 g.) 
in acetic acid (25 c.c.) was boiled and transferred to the steam-bath; 
a solution of hydrochloric acid (2 g.) saturated at 0° was then 
gradually introduced, giving a deep yellow solution. After 10 
minutes, a further amount (1 g.) of the acid was added, the heating 
continued for 30 minutes, and the mixture was finally boiled. Water 
(30 c.c.) was added to the filtered solution and the pasty precipitate 
was collected and dried ; it could not, however, be crystallised at 
this stage. 

The crude product (0-3 g.) was boiled with acetic anhydride 
(10 c.c.) and a drop of pyTidine for 2 hours and the acetate produced 
was crystallised from alcohol and then from ethyl acetate, giving 
colourless needles, m. p. 195 — 196° (Found : C, 72*3 ; H, 5*3. Calc, 
for C^HjgC^ : G, 72*3 ; H, 5*2%). This specimen was identical in 
every way with specimens of triaeetyldiosmetin from two sources, 
kindly supplied by Professor Oesterle. A mixture of the natural 
and the synthetic specimen gave an undepressed melting point. 

Diosmetin (I). — A mixture of the synthetic triaeetyldiosmetin 
(0*3 g.) with alcohol (5 c.c.) and 2% potassium hydroxide solution 
(10 c.c.) was heated on the steam-bath for 15 minutes, and the 
flavone isolated from the clear yellow solution by acidification with 
acetic acid. The substance, crystallised from alcohol and then 
twice from alcohol-ethyl acetate, formed yellow needles, sintering 
at 248° and melting at 253 — 254 a (Found in a specimen dried at 
150° in a high vacuum : C, 64*3 ; H, 4*2. Calc, for C 16 H 12 0 6 : 
C, 64*0; H, 4*0%). A mixture with natural diosmetin (sintering 
at 245° and melting at 253 — 255°) sintered at 245° and melted at 
253 — 254°. In all respects, the two specimens had identical 
properties. 

Benzylvanillic Anhydride, [CH 2 Ph*0‘C 6 H 3 (0Me)‘C0] 2 O. — - The 
benzylation of vanillin (276 g.) was effected in aqueous solution 
(compare Gomberg and Buchler, J. Amer . Chem. Soc. 3 1920, 42, 2059) 
by means of benzyl chloride (150 g.) and potassium hydroxide, the 
reaction mixture being heated (oil-bath at 110 — 120°) for 10 J hours. 
After crystallisation, 165 g., m. p. 63 — 64°, were obtained. 
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On oxidation with potassium permanganate in acetone solution, 
the aldehyde (70 g.) furnished crystalline 0-benzyIvaniffic acid 
(60 g.), m. p. 168— 169°. 

O-Benzylvanillic acid (97 g.) was finely ground, suspended in dry 
ether (375 c.c.) and pyridine (40 g.), to which thionyl chloride (28 g.) 
in ether (30 c.c.) was added, and the whole kept at 0° for 12 hours. 
Crushed ice was then introduced and the solid was washed succes- 
sively with ice-cold 2iV-hydro chloric acid, water, 2i^-sodium carbon- 
ate, and water and dried (80 g., m. p. 135°; benzylvanillic acid, 
9 g., was recovered from the ether and washings). The anhydride 
crystallised from ethyl acetate in slender lustrous needles* m. p. 
135 — 136° (Found: C, 72-2; H, 5-4. C 30 H 26 O 7 requires C, 72-3; 
H,5*2%). . 

5 : 1 -Dihydroxy-4:' -beiizijloxy-W -methoxyflavone . — An intimate mix- 
ture of phloracetophenone (4*5 g.}, sodium 0 - benzylvanillate 
(12 g.), and O-benzylvanillic anhydride (40 g.) was heated (oil-bath 
at 180 — 185°) for 3 hours subsequent to fusion to a mobile, dark red 
liquid. The product was refluxed with alcohol (175 c.c.) ; a solution 
of potassium hydroxide (17 g.) in water (20 c.c.) was gradually 
added, and the boiling continued for 30 minutes. The solution was 
distilled (170 c.c. collected) and the residue was dissolved in water 
(200 c.c.), heated to 60°, and saturated with carbon dioxide. The 
buff precipitate was collected (7 g.), redissolved in aqueous potassium 
hydroxide, and reprecipitated by carbon dioxide (yield, 5 g.). The 
crude flavone was then acetyiated by gently refluxing it with acetic 
anhydride (20 c.c.) and a drop of pyridine for 2 hours. The acetyl 
derivative, which separated on cooling (2 g.), crystallised from 
ethyl acetate in slender white needles, m. p. 195° (1-fi g.) (Found : 
C, 68*2; H, 4-8. C 27 H^O a requires 0, 68-4 ; H, 4-6%). . 

This 5 : 7 -diaceioxyA' -benzyloxy-% -methoxyftavone (1*2 g.) was 
hydrolysed by means of alcoholic potassium hydroxide on the steam- 
bath and, when the diluted solution was acidified, a yellow solid 
was precipitated (1*03 g.). The substance was very sparingly 
soluble in most organic solvents and could not be crystallised, but 
after being washed and dried it was almost pure ; m. p. 265—267° 
after softening at 262° (Found : 0, 76*0; H, 4*9. C23B 18 0 6 requires 
0, 70-7 ; H, 4*6%. C 23 H 18 0 6 ,iH 2 0 requires C, 70*0; H, 4*7%), 
This 5 : l-dihydroxy^-bmzyloxy-Z'-methoxyftavo'm gives a yellow- 
brown coloration with alcoholic, ferric chloride. 

5:7: & -Trihydroxy -methoxyftavone (EC). — The benzyl derivative 
last described (0*8 g.) was suspended in acetic acid (45 me.)* heated 
on the steam-bath, and treated gradually with concentrated hydro- 
chloric acid (3 c.c.). After 10 minutes, a further quantity (1-5 c.c.) 
of concentrated hydrochloric acid was added, and the heating 
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continued for 30 minu tes ; the mixture was finally boiled. The 
solution was decanted from a small unattacked residue, and, on 
addition of water (30 c.c.), gave a flocculent yellow precipitate, which 
was collected and dried (0-5 g.) (Found : C, 63-9; H, 4*4; MeO, 
10*3%). This product was acetylated in the usual manner and 
gave 0*4 g., m. p. 212°, which, crystallised from ethyl acetate, formed 
soft white needles, m. p. 220 — 221° (0*35 g. ; recrystallised, 0*29 g., 
m. p. 220—221°) (Found: C, 61*9; H, 4*4. C 22 H 18 0 9 requires 
C, 62*0; H, 4*2%). 

On hydrolysis by means of alcoholic potassium hydroxide, 
5:7: 4' 4riaceloxy-Z' -metkoxyflavone gave in the first place bright 
yellow needles of the potassium salt of the trihydroxymethoxy- 
flavone ; these were collected and dissolved in water and afforded 
on acidification the pure flavone , m. p. 328 — 330°, as a yellow pre- 
cipitate (Found in material dried in a vacuum : C, 62-8 ; H, 4*2 ; 
MeO, 9*3. C 16 H 12 0 6 ,JH20 requires C, 62*7 ; H, 4*2 ; lMeO, 9-5%). 
This very sparingly soluble substance crystallised from nitrobenzene 
in yellow prismatic needles, m. p. 330 — 331° (Found: C, 63*9; 
H, 3*9; MeO, 9*8. C^H^Og requires C, 64*0; H, 4*0; IMeO, 
9*7%). Like diosmetin, the flavone is a very weak mordant dye. 
It is much more sparingly soluble and intensely coloured than is 
diosmetin. 

University College, London. [Received, February 20 th, 1930 .] 


CIX.— Anthoxanthins. Part XII. Transition from 

a Flavylium Salt to a Flavone, illustrated by a New 
Synthesis of Scutellarein Tetramethyl Ether. 

By Robert Robinson and Gerold Schwarzenbach. 

Although the pyrones stand in the relation to the pyrylium salts 
that the pyridones bear to the alkylpyridinium salts, and although 
the latter can be very readily changed to the pyridones by oxidation, 
yet there are surprisingly few recorded examples of the production 
of .pyrones by direct or indirect processes from members of the 
pyrylium group. 

Biilow and .Wagner (Ber., 1903, 36, 1941) found an isolated 
example in the oxidation of 7-hydroxy-4-carboxyflavylium betaine 
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(I) (formulated previously as a pyranol) to 7 -hydroxyflavone (II) by 
means of chromic acid in acetic acid solution. This we have con- 
firmed, but, although the conditions have been somewhat improved, 
the yield of the flavone remains highly unsatisfactory. 

Moreover, the reaction is not a general one, and proposed applic- 
ations to the synthesis of scutellarein failed. Anisoylpyruvic acid, 
Me0*C 6 H 4 'C0*CH2’C0*C0 2 H, obtained by the usual method, has 
been condensed with 2 : 6-dimethoxyquinol and with antiarol in the 
presence of hydrogen chloride, furnishing the fiavylium salts (III) 
and (IV), respectively. 


) 


In spite of various attempts, neither these salts nor the related 
betaines could be oxidised to scutellarein derivatives. It was, 
however, possible to achieve our object indirectly by applying the 
Hofmann reaction to the amide of the acid (IV). The chief diffi- 
culty was the preparation of the required anisoylpyruvamide (V), 
If a convenient method of preparation of compounds of this type 
could be devised, the new flavone synthesis now to be described 
might acquire considerable importance, since it is applicable to 
certain types of structure not readily built up by hitherto known 
processes. Some of the more obvious routes to the aroylpyruv- 
amides have been tested without success, and we were forced back 
upon an interesting but indirect series of reactions due to Mumm 
and Munchmeyer (Ber., 1910, 43, 3335), who obtained benzoyl- 
pyruvamide. The stages in the present case were the following : 

Anisoylacetaldehyde (Pratt, Bobinson, and Williams, J., 1924, 
125, 202) was converted into its oxime, MeO-C 6 H 4 *CO«CH 2 -CH:NOH 
(VI), and this was dehydrated by the action of acetyl chloride, 
giving 5-anisylisooxazole (VII). The methosulphate of this base 
reacted with potassium cyanide in aqueous solution with formation 
of oc-methylimino-fi-anisoylpropionitrile (VIII), which was hydrolysed 
to anisoylpyruvamide (V) by means of dilute hydrochloric acid. 



^G*C 6 H 4 -OMe OMe-Ce^-CO-C^-CpSIMeJ-CN (vm.) 

(vii.) 9 H ? 

OMe , C 6 H 4 *CO , CH 2 , CO*CO*K'H 2 (V.) 

_ Anisoylpyravamide and antiarol with the help of hydrogen chloride 
yielded a product containing 4-carbamyl-5 : 6 : 7 : 4'-tetramethoxy- 
flavylium chloride (IX), and this, on treatment with pot assium 
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hypochlorite and potassium hydroxide in methyl-aleohohcy^ution, 
reacting doubtless as the pseudo-base* gave another pseudo-base 



which could be transformed into 4 -ammo-5 : 6 : 7 : 4t -ieiramethoxy- 
fiavylium picrate (X). The corresponding base is* doubtless, the 
flavone-imine (XI), and the tetramethoxyflavone (XII) resulted when 
the imine was treated with boiling dilute aqueous sodium hydroxide. 
The existence of the flavone-imine recalls that of a xanthone-imine 
obtained by the condensation of phloroglueinol with salicylonitrile 
under the conditions of the Hoeseh reaction (Nishihawa and Robin- 
son, J., 1922, 121 , 839) ; the resistance to hydrolysis by acids and 


MeQ' / ^ ( Nw^ -N >OMe Meo/V°ND— <^>OMe 

Med 1 /OH N — / 

MeO Ym (XI.) MeO CO (XH.) 


other properties are parallel in the two series. 

The substance (XII) had the melting point and other properties 
of" scutellarein tetramethyl ether (Molisch and Goldschmiedt, 
Monatsh. y 1910, 31, 439)* and we were able to establish the identity 
by direct comparison with a specimen prepared from scutellarein. 
For providing the latter* we are greatly indebted to Professor E. 
Spath and Dr. F. Wessely. 

Scutellarein has been previously synthesised by Bargellini (Gaz- 
zetta, 1915, 45* 69), who submitted pentamethoxydibenzoylmethane 
(XIII) to the action of hydriodie acid; the reaction might have 


HO 



proceeded in the two directions indicated. Actually^ scutellarein 
(XIV) was produced and the reaction was correctly interpreted in 
the light ofoertain analogies. The present unambiguous synthesis 
confirms these deductions- and supplies a proof. of the constitution 
of acut^aredn. 
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\ Experimental. 

1 -Hydroxy A-carboxyflavylium Derivatives . — Biilow and Wagner 
(foe. cit.) did not crystallise the chlorides obtained by the condens- 
ation of resorcinol, benzoylpyruvic acid or its ester, and hydrogen 
chloride, so the following data may be recorded. 

7-Hydroxy-4-carboxyflavylium betaine (I) decomposes at 248°, 
the corresponding picrate decomposes at 226° ; on solution in ethyl- 
alcoholic hydrogen chloride and gradual addition of ether, 7 -hydroxy - 
4- carboxyflavylium chloride (decomp. 250°) crystallised in orange-red 
leaflets (Found : Cl, 11*6. C 16 H 11 0 4 C1 requires Cl, 11*7%). 

7-Hydroxy-4-carbethoxyflavylium picrate decomposes at 225° 
and similarly yields 1 -hydroxy A- carbethoxyflavylium chloride, orange 
leaflets decomposing at 198° (Found: Cl, 10*2. C 18 H 15 0 4 C1 
requires d, 10*5%). 

The oxidation of the betaine to 7-hydroxyflavone does not proceed 
satisfactorily; a slight improvement followed on the adoption of 
the following conditions : 

A solution of chromic anhydride (0*7 g.) in water (10 c.c.) was 
added to one of 7-hydroxy-4-carboxyflavylium betaine (0*7 g.) in 
hot 25% sulphuric acid (30 c.c.) ; carbon dioxide was then briskly 
evolved and an orange precipitate (0*45 g.) was formed. After 
crystallisation, 7-hydroxyflavone (0*15 g., m. p. 240°) was obtained. 

Our further experience has shown that this is a special case, 
and the reaction is by no means a general one. It fails in the 
seutellarein series described below. 

Anisoylpyruvic Acid and its Ethyl Ester . — A mixture of p-methoxy- 
acetophenone (79 g.) and ethyl oxalate (77 g.) was added to a solu- 
tion of sodium ethoxide (25 g. of sodium) in alcohol (400 c.c.), the 
whole refluxed for J hour, and the alcohol evaporated. An aqueous 
solution of the residue was saturated with carbon dioxide and 
filtered, and the crude acid (64 g.) precipitated by the addition of 
hydrochloric # acid. This substance crystallised from alcohol in 
pale brown needles or irregular prisms, decomp, at 162*5° (Found : 
C, 54*9; H, 5*0; loss at 110° in a vacuum, 7*6. C u H 10 O 5 ,H 2 O 
requires C, 55 0; H, 5*0; H^O, 7*5%). The yield can be improved 
by carrying out the condensation in the cold and subsequently 
hydrolysing the ester, but this is hardly worth doing. 

A mixture of jp-methoxyacetophenone (13*5 g.), ethyl oxalate 
(13 g.), sodium ethoxide (from 2 g. of sodium) and alcohol (35 c.c.) 
was kept for 12 hours at 0° and then added to ether. The cake of 
sodium derivative was collected and decomposed at 0° in aqueous 
solution with carbon dioxide (yield, 16 g.). 

Ethyl anisoylpyruvate crystallised from alcohol in colourless 
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prisms, m. p. 54° (Found : C, 62-3 ; H, 5*7. C 13 H 14 0 6 requires C, 
62*3; H, 5-6%). 

6 - Hydroxy -.5:7: 4' - trimethoxy - 4 - carboxyflavylium Derivatives 
(Chloride, III). — A solution of 2 : 6-dimethoxyquinol (4*25 g.) and 
anisoylpyruvic acid (5*6 g.) in acetic acid (50 c.c.) was saturated 
with hydrogen chloride at 90 — 100° for I hour, then cooled to 0°, 
and ether (150 c.c.) added without interrupting the passage of 
hydrogen chloride. The dark red solid was collected (5*8 g.), and 
a portion converted into the pier ate in hot alcoholic solution by the 
addition of picric acid ; the derivative crystallised imm ediately in 
dark red leaflets which decomposed at 224° (Found : C, 49*6 ; 
H, 3*8; N, 7*2. C 25 H 19 0 14 N 3 ,H20 requires C, 49*7 ; H, 3*5; 1ST, 
6*9%). This picrate was suspended in pure methyl alcohol and 
hydrogen chloride introduced until it dissolved; on the addition of 
ether, the chloride crystallised in dark red needles, decompo sing at 
170 — 180° and readily soluble in water and alcohol. 

Another portion of the crude chloride was dissolved in hot aqueous 
sodium acetate, and the filtered solution acidified with acetic acid. 
The betaine separated in red needles, and the substance could be 
recrystallised from alcohol, forming very small, green prisms, 
decomp. 182° (Found : C, 59*6 ; H, 5*0. C 13 H 16 0 7 ,1£B^0 requires 
C, 59*6; H, 5*0%), sparingly soluble in water and giving a bright 
orange solution in sulphuric acid. 

5:6:7: 4/-TetmmetJwxyA-carboxyflavylium Derivatives (Chloride, 
IV). — A solution of antiarol (9*2 g.) and anisoylpyruvic acid (11*6 g.) 
in acetic acid (60 c.c.) was saturated with hydrogen chloride at 
100° for 3 hours, cooled, and dry ether (200 c.c.) added, hydrogen 
chloride being passed meanwhile. After being kept at 0° for 
12 hours, the solid was collected (21 g., air-dried) and this chloride 
was converted into the betaine by solution in aqueous sodium acetate 
and acidification with acetic acid. The orange needles obtained 
were readily soluble in water and could be recryst allis ed from 
alcohol in a similar form, m. p. 127 — 130° (Found : C, 59*8 ; H, 5*6. 
Found in material dried at 100° in a vacuum : C, *65*1 ; H, 5*2. 
CaoHigO^HaO requires C, 60*4; H, 5*3%. C 20 H 18 O 7 requires 
C, 64*9; H, 4*9%). 

The related picrate crystallised from alcohol in deep orange 
needles, decomp. 204—205° (Found: C, 50*4; H, 4*1; N, 7*1. 
requires C, 50*6; H, 3*7; N, 6*8%). 

The oxidising agents tested with the object of preparing O-tetra- 
methylscutellarein were chromic acid in acetic acid and dilute 
sulphuric add solutions, persulphate in dilute sulphuric acid, lead 
peroxide and acetic acid, manganese dioxide and dilute sulphuric 
^cid and hydrogen peroxide in acetic acid, and finally potassium 
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ferricyanide in neutral and in alkaline solution; in all cases, the 
results were negative. 

The action of phosphorus pentachloride on the betaine appeared 
to proceed normally, giving the acid chloride flavylium chloride, but 
the action of ammonia or hydrazine on this derivative did not give 
the anticipated results. 

Anisoylacetaldoxime (VI). — The sodium salt of o-hydroxy- 
methylene-p-methoxy acetophenone (45 g.) (Pratt, Robinson, and 
Williams, loc. cit.) was dissolved in ice-water (600 c.c.), and hydroxyl- 
amine hydrochloride (25 g.) in water (50 c.c.) added; separation of 
the oxime began immediately. The substance (yield, 25 g.) crystal- 
lised from benzene in colourless microscopic needles, m. p. 120° 
(Pound : C, 624; H, 5*7; N, 7*4. C 1 oH 11 0 3 N requires C, 62*3; 
H, 5*7 ; 1ST, 7*3%). It retained benzene tenaciously, and the deter- 
mination of nitrogen was carried out with a specimen giving C, 
63*3; H, 5*6%, and probably containing a trace of the solvent. 

5-Anisytisooxazole (VII).— Claisen (Ber., 1891, 24, 132) has shown 
that the dehydration of the oxime of benzoylacetaldehyde with 
acetyl chloride yields phenyKsooxazole, whereas the use of acetic 
anhydride leads to the formation of co-cyanoacetophenone, which is 
also obtained by the action of alkalis on phenylisooxazole. 

Finely powdered anisoylacetaldoxime (10 g.) was added to acetyl 
chloride (10 g.) with cooling ; a vigorous reaction and brisk evolution 
of hydrogen chloride ensued. The excess of the reagent was removed 
by evaporation and the oily residue was mixed with 3% sodium 
hydroxide solution (150 c.c.); the oil then quickly solidified. The 
product crystallised from 80% alcohol (100 c.c.) in almost colour- 
less, flat prisms, m. p. 63° (yield, 7*5 g.) (Found : C, 68*7 ; H, 5*1 ; 
IsT, 8*0. C 10 H 9 O jjN requires C, 68*7 ; H, 5*1 ; N, 8*0%). On boiling 
for 5 minutes with alcoholic sodium hydroxide, 5 - anisylmooxazole 
was transformed into the isomeric co-cyano-p-methoxy acetophenone, 
which crystallised from alcohol in colourless needles, m. p. 131° 
(Found ; C, 68*9; H, 5-2 ; N, 8*1%) in good agreement with the 
statement of Bargellini ( Oazzetta , 1911, 41, 748), who prepared the 
compound in another way. 

The methosulphate was obtained by heating a mixture of 
anisyKsooxazole (8*9 g.) and pure methyl sulphate (5*3 g.) on the 
steam-bath. Reaction occurred at about 90° and soon afterwards 
the whole crystallised with evolution of heat. The salt was washed 
with acetone and separated on the addition of ether to its alcoholic 
solution in bright yellow crystals, m. p, 142*5° (Found : N, 46 ; 
S, 10*4. C 12 H 15 0,NS requires 1ST, 4*7; S, 10*6%). The golden- 
yellow picrate has m, p. 147*5°. 

*~Me^ylimino-$‘m,iBoylpropionitrile (VIII). — Potassium cyanide 
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(5 g.) in water (50 c.c.) was very gradually added to a solution of 
anisylisooxazole methosulphate (6*5 g.) in ice-cold water (50 c.c*). 
The precipitate obtained (4*5 g.) consisted of the pure nitrile , m. p. 
109° (not raised by crystallisation); it separated from alcohol in 
pale yellow needles or well-shaped prisms (Found : 0, 66*6 ; H, 5*6 ; 
1ST, 13-0. C 12 H 12 0 2 N 2 requires C, 66*8; H, 5*6; 1ST, 13*0%). The 
solution in sulphuric acid had a dark purple colour. Experiments on 
the condensation of this substance with antiarol had no definite 
outcome. 

Anisoyljpyruvamide (V) . — Anisoylpyruvio acid could not be directly 
converted into its amide either by way of the chloride or through 
the ester by means of ammonia. Nor could the amide be obtained 
by the condensation of ethyl oxamate and ^-methoxyacetophenone. 

Methyliminoanisoylpropionitrile (23 g.) was powdered and agit- 
ated with N -hydrochloric acid (500 c.c.) for 36 hours, and the 
product isolated (19 g.). The amide was sparingly soluble in hot 
ethyl alcohol and crystallised from isoamyl alcohol in colourless 
microscopic needles, decomp. 192° (Pound : C, 59*8 ; H, 5*2 ; N, 6*0. 
C n Hn0 4 N requires C, 59*7; H, 5*0; N, 6*3%). The solution in 
sulphuric acid was reddish-brown. The substance, when boiled 
with concentrated hydrochloric acid, was hydrolysed to anisoyl- 
pyruvic acid. 

The acid mother-liquor from the preparation described above 
contained 10% more than the theoretical amount of volatile bases, 
so it might be advantageous to interrupt the process at an earlier 
stage. There was also a considerable loss on crystallisation of the 
crude product. 

4r-Carbamyl-5 : 6 : 7 : 4' -tetramethoxyflavylium Chloride (IX). — 
Owing to the very great ease with which the amide group in this 
salt is hydrolysed, we have not obtained a pure specimen of the 
substance, but a product which must consist of it to a large extent 
was prepared in the following manner. 

Hydrogen chloride was led into a solution of antiarol (7*0 g.) and 
anisoylpyruvamide (8*0 g.) in purified acetic acid at 70° for li hours ; 
ammonium chloride separated. The mixture was cooled and kept 
saturated with hydrogen chloride for 24 hours, then diluted with 
ether and kept in the ice-chest for 4 hours. The product was washed 
with ether and dried at 100° in a vacuum, giving a dark brownish- 
red mass with a green reflex (9*5 g.). Attempts to isolate the 
picrate of the amide gave only the already described tetramethoxy- 
carboxyflavylium picrate, which crystallised from acetic acid in an 
anhydrous condition (Pound : C, 52*1 ; H, 3*9 ; N, 7*1. h 21 o 14 n 3 

requires O, 52-1 ; H, 3-5; N, 7-0%). The identity of this picrate 
with the substance previously obtained was proved by a comparison 
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of colour reactions and decomposition points, and the related 
chloride was prepared and found to be free from nitrogen. 

Amino- 5 : 6 : 7 : 4/ -tetramethoxyflavylium Picrate (X), — The 
crude chloride (9*5 g.) obtained as described in the last section was 
dissolved in methyl alcohol (75 g.) and cooled to 0°, a cooled solution 
of potassium hypochlorite (33 c.c. from 1*77 g. of chlorine, 4-82 g. 
of potassium hydroxide, and water) added, and the mixture heated 
on the steam-bath for J hour. Acetic acid (50 c.c.) and a solution 
of picric acid (12 g.) in acetic acid (100 c.c.) were successively intro- 
duced; a yellow picrate crystallised on cooling, and this was col- 
lected and washed with acetic acid and ether (yield, 4*8 g. in this 
experiment, but much less when more alkali was employed). The 
salt crystallised from acetic acid in flat golden-yellow prisms (3*0 g.), 
very sparingly soluble in all solvents and decomposing at 281° 
(Found: C, 52*6; H, 4*0; N, 9-7. C 25 H 22 0 12 1SF 4 requires C, 52*6 ; 
H, 4*1 ; N, 9*8%). The corresponding chloride was obtained in 
pale pink needles by passing hydrogen chloride into a suspension 
of the picrate in acetic acid and adding ether. The base obtained 
on treatment with aqueous sodium hydroxide was a sticky, very 
pale yellow precipitate. 

5:6:7: 4' -Tetmmethoxyflavone (Scutellarein Tetramethyl Ether) 
(XII). -~4- Amino-5 : 6 : 7 : 4'-tetramethoxyflavyhum chloride (0*7 g.) 
was refluxed with 10% sodium hydroxide solution (7 c.c.) for 45 
minutes, ammonia being evolved and the substance becoming a dark 
brown oil. When this was washed with very dilute hydrochloric 
acid, it became solid and bright yellow ; the substance crystallised 
from alcohol (charcoal) in thick colourless prisms (S), m. p. 161° 
(Found : C, 66*9 ; H, 5*6. Calc, for C 19 H 18 0 6 : C, 66-6 ; H, 5-3%), 

The crude scutellarein kindly supplied by Professor Spath was 
methylated by means of an excess of methyl sulphate and 15% 
sodium hydroxide solution in presence of acetone; the impurities 
formed as a result of oxidation were insoluble in ether, and, when 
the washed and dried extract was concentrated to a small bulk, 
scutellarein tetramethyl ether crystallised in colourless prisms. 
After one crystallisation from alcohol, the specimen (X),had m. p. 
161°, undepressed by admixture with an equal amount of (S). 

The two specimens had identical properties and gave indistin- 
guishable yellow to orange solutions in mineral acids of various 
concentrations. Very characteristic is the fact that the ether is 
partly extracted from ethereal solution even by 2% hydrochloric 
acid, and that it dissolves in hot 10% hydrochloric acid to a yellow 
solution, from which the hydrochloride separates as a mass of woolly 
yellow needles on cooling. On addition of mercuric chloride to 
the hot solution of the hydrochloride, there is an immediate pre- 
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cipitation of the very sparingly soluble, pale yellow mercurichloride. 
The microscopic appearance of the crystals of (S) and (N) and of 
their hydrochlorides was the same, and the solubility properties 
also were compared. 

The methoxyl content of O-tetramethylscutellarein should be 
36*25%, but a Zeisel-Pregl estimation gave MeO, 34*22%, and even 
a Herzig-Meyer-Pregl estimation gave only MeO, 34*7%. Appar- 
ently, a fraction of the methyl attached to oxygen is transferred to 
carbon in the course of the demethylation process. 

The authors wish to thank the Swiss Commission of the Ramsay 
Memorial Fellowships Trust for grants which have enabled one of 
them to take part in the investigation. 

University College, London. [Received, February 20th , 1930.] 


CX . — Strychnine and Brucine. PartX. The Degrad- 
ation of Dinitrostrycholcarboxylic Acid : its Recogni- 
tion as a Derivative of Quinoline and the Con- 
sequent Modifications of the Constitutional Forrmdce 
for the Strychnos Bases proposed in Part VII. 

By Kott iaza ts Narayana Menon, (the late) William Henry 
Perkin, jun., and Robert Robinson. 

Unexpectedly, the esterification of dinitrostrycholcarboxylic 
acid (Tafel, Annalen, 1898, 301, 336; compare Part IX, this vol., 
p. 382) with ethyl alcohol and a mineral acid catalyst affected two 
hydroxyl groups and afforded ethyl dinitro-O-ethyUtrycholcarboxylate, 
C 9 XH 2 (N 0 2 ) 2 ( OH ) ( OE t ) *C0 2 E t (I). This ester reacted with 
hydrazine in the normal manner, yielding the hydmzide, 
Cg]Nn 0 ^(XO 2 ) 2 (OH)(OEt)UO*]?ffi*lSnS 2 (H), and the further stages 
of the Curtius reactions also gave good results, the urethane , 
C 9 XH 2 (X02)2(CH)(0Et)*ISrH*C0 2 Et (III), being the final product. 

It will be recalled that dinitrostrycholcarboxylic acid cannot be 
degraded by boiling with nitric acid; this urethane, however, in 
which •HH>COgEt replaces *C0 2 H, is readily attacked by the reagent 
and yields picric acid. 

This result is inconsistent with the suggestion that strychol is a 
dihydroxyisoquinoline, because derivatives of this series would 
undoubtedly yield trinitro-w-hydroxybenzoic acid and not picric 
acid. 

We have examined the behaviour of w -hydroxy benzaldehyde 
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and m-hydroxybenzoie acid with boiling nitric acid, and no trace of 
picric acid could be detected by the sensitive potassium salt method 
of isolation. 

Further, if strychol is thus to be recognised as a dihydroxy- 
quinoline, the formation of picric acid proves that both hydroxyl 
groups are in the pyridine nucleus, in view of the fact established in 
Part IX (be. cit.) that the quinoline nitrogen always furnishes a 
hydroxyl group in the oxidation-nitration process. 

Furthermore, Mr. J. Resuggan, to whom we are greatly indebted 
for undertaking the preparation of large quantities of dinitrostry- 
cholcarboxylic acid, has isolated a by-product of the oxidation of 
strychnine with nitric acid. This we have identified as 3 : 5-dinitro- 
benzoic acid, and its formation is evidently due to elimination of 
an amino-group in accordance with the scheme : 



An analogous reaction is that involved in the production of 
nitroanisic acid from harmaline by oxidation with nitric acid (O. 
Fischer and Boesler, Ber ., 1912, 45, 1934) : 



Confirmation was obtained in the transformation of the urethane 
(III) into 5:7 -dinitroisatin (IV), which was accomplished by 
hydrolysis with sulphuric acid and subsequent oxidation by per- 
manganate in acid solution. This dinitroisatin does not appear to 
have been previously prepared and has been obtained in good yield 
by the nitration of isatin in sulphuric acid solution. 

In Part IX, it was clearly proved that strychol is not 2 : 4-di- 
hydroxy quinoline , and therefore dimtrostrycholcarboxylie acid 
must be represented by one of the formulae V and VT (or a pyridone 
tautomeride). Either of these structures serves to accommodate 


nn tt nir 



(IV.) (V.) (VI,) 

the fact established by Tafel that dinitrostrychol behaves as a 
monobasic acid towards potash but as a dibasic acid towards baryta. 
Having found that dimtrostrycholcarboxylie acid yielded a diethyl 
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ester, we were led to attempt the direct esterification of dinitro- 
strychol, and, using methyl alcohol, we obtained with greater ease 
than formerly the known dinitrostrychol monomethyl ether, 
C 9 NH 3 CN'0 2 ) 2 (0H)*0Me. This substance reacts with hydrazine in 
boiling methyl-alcoholic solution with formation of dinitrohydr - 
azinodeoxysirychol , C g NH 3 (N02) 2 (0H)*NH*NH 2 (VII), a base which 
forms very sparingly soluble salts and a sparingly soluble; pale 
yellow is opropylidene derivative, CgNH 3 (N0 2 ) 2 (0H)*]Sr 2 HICJMe 2> 
Unfortunately, the oxidation of this hydrazine with ferric chloride 
regenerates dinitrostrychol : other conditions, however, are in 
course of investigation. We are of the opinion that the acidic 
hydroxyl of dinitrostrychol is that in position 3, but we have not yet 
been able to get decisive experimental evidence on the point. 
Synthetical work in the 2 : 3- and 3 : 4-dihydroxyquinoline groups 
is in progress. 

Irrespective of the outcome of these further researches, certain 
conclusions in regard to the constitutions of strychnine and brucine 
now appear to be fully justified. 

The isoquinoline structure (Fawcett, Perkin, and Bobinson, Part 
VII, J., 1928, 3082) was advanced mainly in order to illustrate a 
mode of symbolisation of the reactions of stryc hnin e which had been 
developed since 1912 ; especially, it was desired to emphasise the 
ether nature of the bases, the possession of one ethylenic double 
bond, and a theory (he. cit , p. 3086) of the course of the degradations 
to strychninolone and curbine brought to light by Leuchs and his 
collaborators (for references, see Part VII, loc. cit., p. 3085). It is 
unfortunate that these ideas, which we consider to be fundamentally 
sound, were linked with a view of the nature of dinitrostrychol- 
earboxylic acid, the inherent improbability of which was almost 
immediately disclosed by the investigations of Leuchs and of Wie- 
land on the products obtained by breaking down the aromatic 
nucleus of the alkaloids. 

The new conception which we now bring into the discussion is 
that the hydroxyl in position 3 in the quinoline ring of dinitro- 
strycholcarboxylic acid marks the position of the b-N of strychnine ; 
it appears to us that this hypothesis is the only one that can explain 
the appearance of the hydroxyl in this position. 

In this connexion, we have prepared 6 : 8-dinitrohydrocarbostyril j 
and have not yet succeeded in attempts to oxidise this substance in 
position 3 either by means of nitric acid or in other ways. 

Embodying, now, the views advanced in Part VII, apart from 
those connected with dinitrostrycholcarboxylic acid, we find that 
strychnine must be represented by the expression ( VUT ) 

AH the many possibilities based on (VUE) must have a bridged 
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ring, shown in one plausible example (IX) ; the conceivable vari- 
ations are obvious. 



The new r structure (VIII) has many advantages over earlier 
suggestions, and can be justified experimentally in every detail; 
the main points are the following : — 

(1) The quinoline skeleton with b-N at 17, as already explained, 
gives naturally dinitrostrycholcarboxylic acid (V or VI). 

(2) The N - CO group cannot be at 1, 2, because it must be ex- 
panded to “N # CO*CH 2 "“ in view of the formation of benzylidene- 
strychnine (Part VIII, J., 1929, 967). 

(3) The properties of strychnidine and most clearly of the dihydro- 
strychnidines (A) and (B) prove that the second oxygen atom of 
the bases has ether function. The attachment of the ether oxygen 
atom at 11 has already been discussed (Part VIII, loc . cit.). 

(4) The new formula allows the permanganate oxidation of 
strychnine (Leuchs) to proceed entirely in one section of the mole- 
cule: the :N-CH 2 ~9:CH*CH 2 *0- becomes :N*C0«9(0H)-C0*CH 2 *0- 
and this, being an amide of a (3-ketonie acid, can yield 

:n-co-9H(oh) co 2 h*ch 2 -o- 

by hydrolysis. /The position chosen for b-N thus gives an excellent 
explanation of the formation of dihydrostrychninonic acid (and of 
dihydrobrucinonic acid), which is a di fficulty for other formulations. 
Further oxidation gives strychninonic acid, IN’CO^O C0 2 H*CH 2 *0~. 

(5) Leuchs has recently examined many strychnine (brucine) 
derivatives in which nucleus (a) has been broken down; almost 
all of these substances absorb two oxygen atoms on oxidation with 
bromine and water, a third oxygen atom being taken up on treat- 
ment of the product with mercuric oxide. These changes are 
clearly represented by the scheme ; 

:c=ch- — > :co cho- — > :co co 2 h- 

The double bond at 13, 14 is affected in every case. This gives 
F F 2 
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important support to the view that strychnine contains the group 
figured at 13, 14 and, indirectly, to our theory of the course of the 
permanganate oxidation. 

(6) The hydrogen atom at C 12 is requisite for the transference of 
the double bond in the strychninolone series from 11 — 10 to 11 — 12. 

(7) Some considerations respecting the reduced strychnine 
derivatives will be discussed in a later communication. 

For the above and other reasons, we consider that the structure 
(VILE) is almost certainly correct ; it can -with some show of prob- 
ability be concluded that C 4 bears a hydrogen atom and that C 20 is 
attached to C 2 ; analogy with quinine then allows us provisionally 
to adopt (IX) as a working hypothesis. 

The attachment of a hydrogen atom to C 4 seems to be required in 
order to explain the nature and formation of a base C 17 H 2 o0 3 N 2 Br 2 
which H. Leuchs, Mildbrand, and R. Leuchs (Ber., 1922, 55, 2703) 
obtained along with Hanssen’s acid, C 19 H 22 0 6 N 2 , by treating 
cacotheline (nitrate of nitrobruciquinone hydrate) with bromine 
(Hanssen, Ber., 1887, 20, 452; Ciusa and Scagliarini, Roy. Accad. 
Lincei , 1910, 19, 504). On treatment with baryta, the bromo- 
compound yields a base, C 17 H 22 0 5 ]Sr 2 (Leuchs, Ber ., 1929, 62, 
1929), which can be oxidised by means of chromic acid, yielding 
Wieland’s acid, C 17 H 22 0 6 N 2 , also obtainable by the direct oxidation 
of brucine (Wieland and Munster, Annalen, 1929, 469, 216) or mono- 
amino- or diamino-strychnine (Leuchs and Krohnke, Ber., 1929, 62, 
2176) or strychnine (Cortese, Annalen, 1929, 476, 280) by means of 
chromic acid. 

Wieland’s acid appears to be a dibasic keto-acid in which the 
amide group is hydrolysed, and the following partial formulae will 
serve best to illustrate the manner in which we envisage these 
complex relationships : Brucine (X) (compare Part III, J., 1925, 


127, 1158), cacotheline (XI), Hanssen’s acid (XH), C 17 H 20 O 3 3ST 2 Br 2 


Hoffmann, Ber., 1929, 62, 2307),- C 17 H 20 O 8 lSf 2 by the action of 
mercuric oxide on XVI (XVII) (Leuchs and Hoffmann, Ber., 1930, 
63,440). 

Even the substance (XIV), which is considered to contain an 
aldehyde group immobilised by internal condensation with an 
dSTH*C(> group, can be oxidised at the double bond in the usual way, 
yielding successively C 17 H 22 0 7 N 2 and C 17 H 22 0g]Sr 2 (Leuchs, Ber., 
1929, 62, 1935). 


The compound C-^H^OgNg (XVII) can also be obtained from 
Hanssen’s add (XII), for example, by conversion by means of 
bromine into then by mercuric oxide into C 19 H^G 9 N 2 
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and finally by permanganate into C 17 H ao 0 8 N 2 and oxalic acid ; or 
can be directly oxidised by permanganate (Leuchs, 
Ber., 1925, 58, 1730; Leuchs, Bender, and Wegener, Ber., 1928, 61, 
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2353 ; Leuchs and Hoffmann, Ber., 1929, 62, 1253; 1930, 63, 440). 
The interpretation of these changes along the lines already laid down 
offers no difficulties. Another important series of substances is 
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obtained by reducing Hanssen’s acid (XII) to C 19 H 24 0 6 X 2 (XVIII) 
by means of sodium amalgam (Leuchs, Ber., 1929, 62, 1929). 


do. 


c 

CH, CH 

' \ / \ 

:o 2 h 9H 9: 

co 2 h c: 

2 / 

$ H 

CO-CHa 
(XVIII.) 


Y 

9H 

9 H 2 

o 


CH, 


Sr 


do, 


■ 2 h oh 0 : 
co 2 h c: 

/ 

CO’CH 2 ' 

(XIX.) 


V 

CO 

9o 2 h 


Permanganate changes the reduced Hanssen’s acid to C 19 H 24 0 9 N 2 
(XIX) (Leuchs and Krohnke, Ber., 1929, 62, 2599), and it is very 
interesting that an isomeride has been obtained from (XVIII) by 
using bromine and then either mercuric oxide or permanganate. 
The explanation seems to be that the amide ring opens and closes 
again in a new position ; the intermediate is then C 19 H 26 0 9 lSr2 (XX) 
and the isomeric G 19 K 2i O g ^ 2 would be (XXI) (Leuchs, Mildbrand, 
*and Leuchs, Ber., 1922, 55, 2412 ; Leuchs and Krohnke, Ber., 1929, 
62, 2599). 



C0 2 H*CH 2 - co 2 h-ch 2 - 

(XX.) (XXI.) 


Again, the Hanssen C 16 -acid, C 16 H 20 O 4 N 2 , which Wieland and 
Munster ( loc . cit.) obtained along with the Wieland acid by the 
oxidation of brucine with chromic acid also takes up two oxygen 
atoms on oxidation with bromine and a third on subsequent 
treatment with mercuric oxide (Leuchs and Hoffmann, Ber., 1930, 
63, 446). 

On the basis of these formulae, we are able to predict that the 
substances (XVII), (XIX), (XXI) and the acid C 16 H 20 O 7 N* a from the 
Hanssen 0 16 -acid should contain a ~CH 2 *C0 2 H fragment detachable 
in the form of glycollic acid or a derivative under the appropriate 
conditions. 

The above formulae require in some cases that the molecule 
should contain more carbonyl groups than have been experimentally 
recognised, butthis is not unusual and in our experience strychnidone 
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(Clemo, Perkin, and Eobinson, J., 1927, 1589) gave a disemicarb- 
azone, but the analogous brucidone (Gulland, Perkin, and Eobin- 
son, ibid., p. 1627) gave only a monosemicarbazone. Similar remarks 
apply to the number of carboxyl groups, but, broadly, the agreement 
between theory and experiment is remarkable. 

Eeturning to a consideration of (VIII), the attachment of one of 
the carbons of the bridge ring to carbon at position 2 seems reasonable 
in view of the stability of Wieland’s acid (XV) to chromic acid, and 
because there are reasons for attributing blocked hydroaromatic 
character to both ring B and ring D and (2) is the common position. 

It is hoped that experimental evidence bearing on this aspect of 
the problem will shortly be submitted to the Society. 

The provisional formula (IX) contains the whole of the cinchonine 
skeleton of carbon and nitrogen atoms and, of course, two carbon 
atoms more. This is probably going too far in the search for 
analogies, but there is evidently some underlying relation between 
the two alkaloids. 

It must be clearly stated that the formulae (XI — XXI) given above 
are based on relations established by Leuchs in a series of brilliant 
investigations. For example, he has described in words the precise 
connexion between Hanssen’s acid and Wieland’s acid which is 
illustrated in our formulae. It has, however, never been previously 
suggested that the whole series can be correlated by means of 
definite constitutional formulae, and, having developed expressions 
for the alkaloids, it was necessary for us to show that such correlation 
is feasible. 

Experimental. 

Ethyl Dinitro-O-ethylstrycholcarboxylate (I) . — Dinitrostrycholcarb - 
oxylic acid was refluxed for 7 hours with a large excess of 5% 
alcoholic sulphuric acid, and the product collected after the addition 
of water. It was washed with aqueous sodium carbonate and then 
with water, and crystallised from alcohol in almost colourless, soft 
needles, m. p. Ill — 112° (Found: C, 48*0; H, 3*9; EtO, 25*5. 
C^H^OgNg requires C, 47*9; H, 3*7 ; 2EtO, 25*6%). The ester is 
insoluble in aqueous sodium carbonate ; on heating with aqueous 
sodium sulphite, yellow, orange and blood-red solutions are suc- 
cessively obtained. 

O-Ethyldinitrostrycholcarbohydrazide (II). — Ethyl 0-ethyldinitro- 
strycholcarboxylate (1 g.) was dissolved in the minimum quantity 
of boiling alcohol, and 95% hydrazine hydrate (1*6 g.) added; a 
yellow solid separated within a few minutes from the deep red 
solution and, after heating on the steam-bath for 15 minutes, the 
product was collected and thoroughly washed with alcohol (yield, 
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1*0 g.). The hydrazide crystallised from alcohol in pale yellow, 
woolly needles, m. p. 218 — 219° (decomp.) (Found : C, 43*1 ; 
H, 3*4 ; N, 20*o. C 12 H n 0 7 N 5 requires C, 42*7 ; H, 3*3 ; N, 20*8%). 

This derivative is moderately readily soluble in alcohol ; addition 
of water to its solution in acetic acid gives a precipitate of the free 
base. The hydrochloride is sparingly soluble in dilute hydrochloric 
acid, but dissolves on heating, and addition of acetone causes a 
rapid separation of the isopropylidene derivative in colourless 
needles. The hydrazide is insoluble in aqueous sodium carbonate. 

Dinitrostrychylurethane (III). — O-Ethyldinitrostrycholcarbohydr- 
azide (0*5 g.) was dissolved in acetic acid (60 c.c.), and powdered 
sodium nitrite (0*5 g.) added to the cooled solution ; shortly after- 
wards, the whole was poured into water (250 c.c.) and the preci- 
pitated azide was collected and dried in a vacuum. This substance 
melted with decomposition at 110° and dissolved slowly in aqueous 
sodium carbonate, doubtless as the result of hydrolysis. 

The azide was added to excess of alcohol, and the mixture boiled 
until evolution of nitrogen ceased. The product crystallised from 
acetic acid in clusters of yellow needles, m. p. 199 — 200° (yield, 
2*1 g. of the pure substance from 4 g. of the hydrazide) (Found : 
C, 45*9; H, 3*9; N, 15*7. G 14 H 14 0 8 N 4 requires C, 45*8; H, 3*8; 
N, 15*3%). This urethane is sparingly soluble in most organic 
solvents and is insoluble in aqueous sodium carbonate. It is 
unaffected by bromine in boiling acetic acid solution. Dilute 
aqueous sodium hydroxide causes the crystals to become orange 
and, on heating, an orange solution is obtained from which hydro- 
chloric acid precipitates an orange-brown substance. 

Degradation of dinitrostrychylurethane. (A) Nitric acid (40 c.c., 
d 1*42) was heated to about 60° and the urethane (1 g.) added; the 
mixture was then gently heated until a vigorous reaction set in, 
accompanied by evolution of nitrous fumes. When this ceased, 
the solution was boiled and concentrated to a small bulb. The 
picric acid formed was isolated as its sodium salt, regenerated, and 
identified after crystallisation by its properties and by its m. p. 
and mixed m. p. 122°. 

(B) The urethane (1 g.) was dissolved in concentrated sulphuric 
acid (25 c.c.), and the yellow solution heated over a free flame until 
a rapid evolution of gas occurred and slackened. The yellow colour 
disappeared simultaneously and a dull purplish-brown colour 
replaced it. Water was then added drop by drop to the hot 
solution until the liquid was diluted to 200 c.c. N/10- Potassium 
permanganate wa# rapidly added to the hot solution until an excess 
appeared, and then a further volume (100 c.c.) was added and the 
mixture heated until the oxidising agent was reduced. The solution 
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was filtered from an insoluble orange-brown substance, cooled, and 
thoroughly extracted with ether. 

The extract was dried with sodium sulphate and the solvent 
removed, leaving a yellow residue which crystallised from pure 
benzene and then from acetic acid in bright yellow plates, m. p. 
209 — 210°, and at the same temperature when mixed with 5:7- 
dinitroisatin prepared by the method described below. The 
characteristic properties of the dinitroisatin were all exhibited by 
this specimen; 

By means of the sodium sulphite and indophenine colour reactions, 
the formation of dinitroisatin from dinitrostrychol derivatives by 
many different methods was indicated. For example, it is produced 
by the direct oxidation of dinitrostrychol, but the yield in this case 
is very unsatisfactory. 

If the dilute sulphuric acid solution obtained by the hydrolysis of 
the urethane is neutralised with ammonia, an orange base is preci- 
pitated, and this can be redissolved in dilute hydrochloric acid to a 
yellow solution. Addition of nitrite slightly intensifies the colour, 
and the diazonium salt produced couples with p-naphthol to give a 
crimson azo-compound. It is very remarkable that this base can 
itself be coupled with diazo-salts to give quite intensely coloured 
substances, the nature of which is obscure. For example, £>-nitro- 
benzenediazonium acetate yields a brick-red substance which be- 
haves like an azo-compound. The anomaly arises from the circum- 
stance that, according to our views, there is no free position in the 
nucleus containing the amino -group. Addition of a little nitrite to 
a weakly acid solution of the amine produces a violet precipitate 
which is due to the diazotisation of a part of the base and coupling 
with the remainder ; this can be proved by separating the reactions. 
Oxidation of acid solutions of the amine from the urethane by ferric 
chloride and other mild reagents gives quantitatively a reddish- 
brown, sparingly soluble substance, apparently of indigoid or indi- 
rubinoid nature. 

5 : 7-j Dinitroisatin (IV). — A solution of isatin (5 g.) in sulphuric 
acid (50 c.c.) was cooled to 0°, and potassium nitrate (10 g., yield 
poor ; 25 g., yield 56% ; 50 g., yield almost quantitative) added in 
small portions so that the temperature did not rise above 15°. The 
mixture was then heated at 50- — 55°, until a sample diluted with 
water gave no precipitate (about 3 hours), cooled, and poured on ice. 
The solution was extracted five times with ether (200 c.c. on each 
occasion), the combined extracts were washed free of mineral acid 
by means of aqueous sodium bicarbonate and dried by means of 
magnesium sulphate, and the ether- was distilled, leaving a yellow 
solid residue. This substance is sparingly soluble in benzene and 
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crystallises therefrom in yellow prisms, or from acetic acid in bright 
canary-yellow, microscopic plates, m. p. 209 — 210° (Found : C, 
40*7; H, 1*4; N, 17*7. C 8 H 3 O s N 3 requires C, 40*5; E, 1*3; N, 
17*7%). This isatin derivative exhibits a very strong indophenine 
reaction and, when treated with aqueous sodium sulphite, it develops 
a characteristic, stable, bluish-red coloration. 

It dissolved in aqueous sodium carbonate to an orange solution, 
the colour of which quickly faded and a colourless crystalline sodium 
salt separated. On boiling with aqueous sodium hydroxide, 
ammonia was evolved and the solution doubtless then contained a 
dinitrohydroxyphenylglyoxylate. Dinitroisatin (0*5 g.) was boiled 
with nitric acid (25 c.c., d 1*42), and the liquid concentrated to a 
small bulk : picric acid, m, p. 122°, undepressed by admixture with 
an authentic specimen, was isolated from the product. 

6 : 8 -Dinitrohydrocarbostyril, ( iSf 0 2 ) 2 C C H 2 < ^'^ 9^ 2 . — A mixture 

of o-nitrobenzaldehyde (10 g.), malonic acid (15 g.), pyridine (100 
c.c.), and piperidine (2 c.c.) was heated on the steam-bath for 30 
minutes and then boiled for 30 minutes. On the addition of water 
and hydrochloric acid, pure o-nitrocinnamic acid was precipitated in 
almost theoretical yield. 

The process of Friedlander and Weinberg (Ber. } 1882, 15 , 1423) 
for the preparation of hydrocarbostyril from ethyl o-nitrocinnamate 
works equally well with the acid, and hydrocarbostyril is readily 
accessible in this way. 

The nitration (of 1 mol.) was accomplished by adding sodium 
nitrate (5 mols.) to a solution in sulphuric acid, and completing the 
reaction by heating on the steam-bath. The substance crystallised 
from acetic acid in stout colourless needles, m. p. 175° (Found : 
C, 45*7; H, 3*1 ; N, 17*6. Calc, for C 9 H 7 0 5 N 3 : C, 45*6; H, 2*9; 
N, 17*7%). 

The dinitrohydrocarbostyril, m. p. 177°, obtained by van Dorp 
{ Rec . trav . chim. y 1904, 23 , 304) by the action of boiling dilute 
hydrochloric acid on a (3 - (dinitroaminophenyl ) propioni c acid is 
doubtless identical with our compound ; van Dorp records that the 
m. p. was about 165°, raised to 177° by many recrystallisations. 

Aqueous sodium carbonate does not dissolve this substance, but 
the solution in aqueous sodium hydroxide is yellow and, on boiling, 
ammonia is evolved ; the orange-yellow solution must then contain 
dinitrohydroxyphenylpropionic acid. 

B oi li ng with nitric acid did not change this very stable sub- 
stance, and it was also unaffected by bromine in hot acetic acid 
solution. The demeanour of dinitrohydrocarbostyril towards alkalis 
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suggests that the acidic hydroxyl of dinitrostrychol is that in the 
p-position. 

0 -MethyldinitrostrychoL — This monomethyl ether has been 
obtained by the variation of Tafel’s procedure (Annalen, 1898, 301 , 
345) described in Part IX ( loo . cit.) f and also in good yield by methyl- 
ation with methyl sulphate and potassium hydroxide in methyl- 
alcoholic solution, but the most convenient method is by direct 
esterification with boiling 8% methyl-alcoholic sulphuric acid, the 
yield being quantitative. The derivative crystallised from the hot 
solution, and, after recrystallisation from xylene, had m. p. 195 — 196°. 

Attempts to prepare a dimethyldinitrostrychol have been fruitless. 

Dinitrohydrazinodeoxystrychol (VII) . — Hydrazine hydrate (20 
c.c. of 95%) was added to a suspension of O-methyldinitrostrychol 
(5 g.) in boiling methyl alcohol (250 c.c.). The methyl ether rapidly 
passed into the orange solution, but, before this process was com- 
pleted, a new substance separated in voluminous yellow needles. 
The mixture was boiled for 10 minutes and filtered hot ; the yellow 
crystalline residue (2*9 g.) had m. p. 202 — 204° (decomp.) (Pound 
in material dried at 120° in a vacuum over phosphoric oxide : 
C, 41*1; H, 2*7; N, 21-3; MeO, 9*5%). This substance is a base 
exhibiting the reactions of a hydrazine, but the analyses, which 
have been confirmed, do not fit a simple formula. 

The filtrate deposited a sandy, orange, crystalline powder (2*3 g.) 
which could be recrystallised by solution in warm acetic acid and 
addition of water; the pale yellow needles had m. p. 253° (decomp.) 
(Pound in air-dried material from, two different preparations : 
C, 38*5, 384 ; H, 3*1, 3*1 ; N, 25*0, 25*1 ; MeO, trace. C 9 H 7 0 6 H 5 ,H 2 0 
requires C, 38*2; H, 3*2; N, 24*7%). This hydrazine is very spar- 
ingly soluble in most organic solvents; when covered with acetic 
acid, it gives a colourless acetate which dissolves on heating. The 
hydrochloride crystallises in colourless needles, and the sulphate, 
which is very sparingly soluble in dilute sulphuric acid, crystallises 
in pearly leaflets. Solution in 2% hydrochloric acid occurred 
readily on gentle heating, and, on the addition of ferric chloride, a 
clear solution was obtained which soon clouded with evolution of 
nitrogen on boiling. The precipitate was collected, crystallised from 
acetic acid, and identified with dinitrostrychol by its properties 
and m. p. (284°), undepressed by admixture with a specimen pre- 
pared from dinitrostrycholcarboxylic acid. Similarly, dinitro- 
strychol was obtained by addition of -V/ 10 -potassium permanganate 
to a solution in 2% hydrochloric acid, although the amount of the 
reagent consumed was only about 30% in excess of the quantity 
required to supply one oxygen atom to one molecule of the base. 
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These experiments gave rise to the suspicion that the substance is 
the hydrazine salt of dinitrostrychol, although the behaviour 
towards acids was not in harmony with such a view and the pre- 
paration of anhydrous derivatives disproved it. 

The acetyl derivative separated in floceulent colourless needles 
from a hot solution of the base in acetic acid, to which a few drops 
of acetic anhydride were added. The substance was very sparingly 
soluble and devoid of basic properties; it had m. p. 311 — 313° 
(decomp.) (Found in material dried at 100 p : C, 42*8; H, 3*2; N, 
22*7. C n H 9 0 6 N 5 requires 0, 43*0; H, 2*9; N, 22*8%). The 
iso propylidene derivative, C 9 IS® 3 (N 0 2 ) 2 ( 0 H)*N‘H*]LSriCMe 2 , crystal- 
lised from a boiling solution of the base in acetone or when acetone 
was added to a hot solution in dilute hydrochloric acid : recrys- 
tallised from much acetone, it formed slender, very pale yellow, 
microscopic needles, m. p. 279 — 281° (decomp.) (Found in material 
dried at 100°: C, 47*3; H, 3*5; N, 22*8. C 12 H n 0 5 N 5 requires 
C, 47*2; H, 3*6; If, 23*0%). This very sparingly soluble derivative 
is insoluble in boiling dilute hydrochloric acid, but, when suspended 
in boiling acetone, it dissolves immediately on the addition of a drop 
of concentrated hydrochloric acid. 

Isolation of 3 : 5-Dinitrobenzoic Acid from the Products of the 
Oxidation of Strychnine by Means of Nitric Acid . — Strychnine 
(100 g.) was dissolved in 20% nitric acid (4000 c.c.) and heated on 
the steam-bath for 120 hours, the volume being maintained by 
addition of 20% nitric acid as found necessary. The liquid was 
then concentrated to about 200 c.c., cooled, and kept for 36 hours. 
The solid was collected and washed with nitric acid ; it then afforded, 
after boiling with nitric acid (75 c.c., d 1*42), about 10 g. of dinitro- 
strycholcarboxylic acid of m. p. 295 — 300°. The filtrate was added 
to water (1500 c.c.) ; a red gum was then deposited and a yellow 
solid remained in suspension. This was extracted with ether : 
the residue obtained from the washed and dried extract was an 
orange gum (about 10 g.), which was carefully heated on the steam- 
bath with nitric acid (90 c.e., d 1*42) and water (60 c.c.). The 
cooled solution deposited some picric acid, the filtrate from which 
was concentrated to half its volume; the glistening plates which 
then separated were recrystallised from alcohol. This product 
(3—4 g.) was analysed and, although the results showed it to be a 
mixture, a clue to its nature was obtained. A wasteful crystallisa- 
tion from ethyl acetate gave the pure substance in colourless needles, 
m. p. 204°, alone or mixed with a specimen of 3 : 5- dini trobenzoic 
acid* 

Addition of aqueous sodium hydroxide to a solution of this acid 
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in acetone produces an intense pure blue coloration, which becomes 
reddish- violet on the addition of water. 

The authors wish to thank Mr. F. Hall for assistance in con- 
nexion with the analyses. 

The University of Oxford. 

University College, London. [ Received , March 1th , 1930 .] 

CXI . — Intramolecular Rearrangement in the Isomeric 
Tetrachloro -derivatives of p - Tolylhydrazones. 

By Frederick Daniel Chattaway and Arthur B. Adamson. 

The chlorination of the ^-tolylhydrazones of m- and p-nitrobenz- 
aldehyde at the ordinary temperature yields a series of compounds 
closely resembling the corresponding bromo-compounds. 

The least halogenated products that can be isolated contain two 
atoms of chlorine, one in the £>-tolyl nucleus in an o-position with 
respect to the nitrogen atom and a second in the oi -position. The 
same compounds are obtained by careful chlorination of the corre- 
sponding hydrazones of 3-chloro-jp-tolylhydrazine. 

Further chlorination at the ordinary temperature introduces a 
third atom of chlorine into the remaining o- position in the p-tolyl 
nucleus : 

nh-n:chr nh*n:ccir nh-n:ccir 



These compounds have the usual properties of o>-halogenated 
compounds. On boiling with sodium acetate and acetic acid they 
are converted into the corresponding $-acetyl-hydrazide$ of m- or 
^-nitrobenzoic acid, and they are converted into the corresponding 
hydrazidines by the action of concentrated aqueous ammonia. 

On brominating m- or ^-nitrobenzaldehyde-^-tolylhydrazone, 
only three atoms of bromine can be introduced into the molecule 
even when a large excess of halogen is used and the temperature 
allowed to rise (this vol., p. 157). When, however, an acetic acid 
suspension of either of these hydrazones is saturated with chlorine 
and the temperature allowed to rise, the resulting compound contains 
four atoms of chlorine in the molecule : 


C 6 H 4 Me*HH*N:CH*C 6 H 4 'N 0 2 = C 14 H 13 0 2 N 3 


c^o^ci,. 
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These tetrachloro- compounds are not affected by acetic anhydride 
and indeed can be recovered unchanged after boiling for several 
hours with acetic anhydride and a drop of concentrated sulphuric 
acid. They do not react with hot alcoholic ammonia. They liberate 
iodine from a solution of potassium iodide in dilute acetic acid. 
When treated with phenylhydrazine, they do not yield formazyl 
derivatives but undergo reduction to co -chloro-m- or - -p-nitrobenzal - 
dehyde-3 : 5-dichloro-^-tolylhydrazone : mild reduction with tin and 
cold hydrochloric acid also yields the same compound. 

The fourth atom of chlorine cannot therefore have entered either 
the jp-tolyl or the nitrobenzaldehyde nucleus. 

On heating with acetic acid slightly diluted with water, they 
undergo a curious, exothermic, intramolecular change, considerable 
heat being evolved, since the mixture maintains itself at the boiling 
point for several minutes without external heating. 

The new compounds thus formed have the same composition 
and molecular weight as those from which they are produced, 
but are much less soluble in all solvents and have much higher 
melting points. They have also a lighter colour, being pale yellow 
whilst the parent substances are deep orange, and are very un- 
reactive. They do not react with hot alcoholic ammonia or boiling 
acetic anhydride, nor do they yield <o -chloro-m- or -nitrobenz- 
aldehyde -3 : 5 - dichloro -p - 1 olylhy drazone when treated with phenyl- 
hydrazine or on mild reduction. Vigorous reduction with tin and 
hydrochloric acid completely breaks down the molecule and yields 
in each case 3 : 5-dichloro-^-toluidine. Boiling with acetic acid and 
sodium acetate gives white viscid solids which cannot be crystallised 
but on hydrolysis yield m- or y>-nitrobenzoic acid. As in the case 
of the parent substances, therefore, the fourth atom of chlorine in 
the transformation products cannot be substituted in either the 
_p-tolyl or the nitrobenzaldehyde nucleus. 

It seems therefore probable that the structure of these isomerides 
may be best represented as m-chloro- m- or -p- nitrobenzaldehyde - 
3:5: N - trick loro -^-tohjlhy drazone (I) and 3 : 5-dichloro-^-tolueneazo- 
m- or -p -nitrophenyldichloromethane (II) : 

nci-n:ccib 

(i.) ^Qei 

ch 3 

Certain facts, however, are difficult to reconcile with this sup- 
position. For example, one would expect the compound containing 
the azo-linkage to have the deeper colour, whereas it is pale yellow. 
Also one would expect the CClg group to be reactive and easily 


n:n-cci 2 r 


Cl, 


!1 


(R = C 6 H 4 -N0 2 ). 


o 

oh 3 


(II.) 
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hydrolysed, but it is remarkably stable and is not affected by boiling 
with concentrated hydrochloric acid or alcoholic ammonia. 

The action of chlorine upon co-bromo-m-nitrobenzaldehyde- 
3 : 5 - dibr omo -p - tolylhy dr azone yields a similar compound, 

C 14 H 9 0 2 N 3 ClBr 3 . 

This also is converted into an isomeride of higher melting point by 
boiling with acetic acid slightly diluted with water : 


NH — N:CBr NC1~ N:CBr NIJST CClBr 



Corresponding compounds are not produced under similar con- 
ditions by the action of chlorine upon m- and ^-nitrobenzaldehyde- 
phenylhydrazone, the highest chlorination product being co-chloro- 
7U- or -jp-nitrobenzaldehyde-2 : 4 : 6-trichlorophenylhydrazone. 

The chlorination of o-nitrobenzaldehyde-^-tolylhydrazone follows 
a normal course. The first product which can be isolated is co- 
chloro-o-nitrobenzaldehyde-3-cMoro-])4olylhydrazone. Saturation with 
chlorine at the ordinary temperature yields v>-chloro-o-nitrobenz- 
aldehyde-% : 5-dichloro-j>4olylhydrazoyie. 

These two co-chloro-compounds are rather more stable than the 
corresponding bromo -compounds and can be recrystallised unchanged 
from alcohol. They readily yield the corresponding ketoendoaryl- 
iminodihydrobenzisodiazole oxides, which are violently explosive, 
when a little concentrated aqueous ammonia is added to their 
solution in benzene. On mild reduction, these explosive compounds 
lose one atom of oxygen and are converted into the corresponding 
ketoendoaryliminodihydrobenzi&odiazoles : 


CO CO 



If the temperature is allowed to rise during the chlorination of 
o-nitrobenzaldehyde-p-tolylhydrazone, the hydrazone is rapidly 
decomposed and consequently a higher chlorination product such 
as is formed in the case of m- and 33 -nitr ob enzaldehyde - tolyl - 
hydrazone cannot be obtained. 

Experimental. 

The Chlorination of m-Nitrobenzaldehyde-'p-tolylhydrazone. 

<*-Chforo-m~nitrobenmldehyde-% : 5 - dichloro-ip-tolylhydrazone : — 
Chlorine was slowly passed into a suspension of 5 g. of m-nitro- 
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benzaldehyde-jp- tolylhydrazone in 50 c.c. of acetic acid. The 
hydrazone dissolved and almost immediately <&-chloro-m-nitro - 
benzaldehyde-3 : 5-dichloro-j)4olylhydmzone began to separate as a 
bright yellow solid. When the mixture had become almost solid, 
chlorination was stopped and the solid collected. It crystallised 
from acetic acid, in which it was moderately easily soluble, in bright 
yellow, elongated plates, m.p. 137° (Found : Cl, 29*6. C 14 H 10 O 2 N 3 Cl 3 
requires Cl, 29*7%). 

m -Nilrobenz-$ -acetyl-B : o-dichloro-y4olylhydmzide 9 
C 6 H 2 Cl 2 Me-NAc*NH*CO*C 6 E 4 -]Sr 0 2 . 

— 2 G. of co-chloro-m-nitrobenzaldehyde-3 : 5 - dichloro -p - tolyl - 
hydrazone, 2 g. of anhydrous sodium acetate, and 40 c.c. of acetic 
acid were boiled under reflux for 2 hours. The resulting solution was 
poured into 100 c.c. of cold water. The hydrazide , which separated 
as a white solid, crystallised from alcohol, in which it was moderately 
easily soluble, in small prisms, m. p 173° (Found: Cl, 18*5. 
^16®* 13 O^NgClg requires Cl, 18*6%). 

A lower chlorination product of m-nitrobenzaldehyde-jp-tolyl- 
hydrazone could not be isolated in a pure state. 

a-GMoro-m-niirobenzaldeJiyde-Z : 5 : ~N4richbro -^tolylhydrazone (I). 
—A suspension of 5 g. of m -nitrobenzaldehyde -p -tolylhydrazone in 
50 c.c. of acetic acid was saturated with chlorine, the temperature 
being allowed to rise to about 60°. The bright yellow co-chloro- 
m -nitrobenzaldehyde -3 : 5 - dichloro -p-tolylhydrazone first separated, 
but this slowly redissolved, forming an orange solution. From this, 
on standing for 12 hours at the ordinary temperature, co -chloro-m- 
ni irobenzaldehyde - 3 : 5 : A^4richloro-^-tolylhydrazo7ie slowly separated. 
After being washed with a very little acetic acid, this crystallised 
from alcohol, in which it was easily soluble, in orange four-sided 
prisms, m. p. 95° (Found: C, 43*1; H, 2*3; N, 10*7; a, 36*3; 
M, cryoseopic in benzene, 375. C 14 H 9 0 2 N‘ 3 C1 4 requires C, 42*8; 
H, 2*3 ; N, 10*7 ; Cl, 36*1% ; Jf, 393). 

Action of Phenylhydrazine on co - Ghloro -m-nitrobenzaldehyde - 
3:5: N4richloro--p-iolylhydrazone. — 2 G. of phenylhydrazine were 
added to a solution of 2 g. of the hydrazone in 20 c.c. of acetic acid 
and warmed until a brisk reaction started. The solution became 
dark brown and on cooling, co -chlor o -m -nitrobenzaldehy de - 3 ; 5-di- 
chloro-jp-tolylhydrazone separated, m. p. 137° after several crystal- 
lisations from acetic acid. 

Reduction of &-Ghloro-m-nitrobenzaldehyde-3 : 5 : N4richloro-ip4olyl- 
hydrazom. — 4 G. of the hydrazone were dissolved in 30 c.c. of acetic 
acid, 15 c.c. of hydrochloric acid and 3 g. of granulated tin were 
added, and the mixture was warmed gently for a few minutes. 
ca-Chloro-m-mtrobemaldehyde-3 : 5 - dichlor o -p -tolylhydrazone separ- 
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ated as an oil which quickly solidified; m. p. 137° after crystal- 
lisation from acetic acid. 

Intramolecular Rearrangement of <s>-Ghtoro-m-nilrobenzaldehyde- 
3:5: N4richloro-'p-tolylhydrazone (I) into 3 : 5-Dichloro-p4oluene~ 
azo-m-nitrophenyldichloromethane (II). — 5 G. of the hydrazone were 
dissolved in 100 c.c. of hot acetic acid, 5 c.c. of water added, and the 
solution raised to the boiling point. A brisk reaction took place, 
the mixture continued boiling for several minutes without external 
heating, and 3 : 5-dichloro-p4olueneazo-m-nitrophenyldichloromethane 
separated as a pale yellow solid. The mixture was heated until 
there was no further separation of solid. After cooling, the product 
was collected and washed with alcohol, in which it was practically 
insoluble ; it crystallised from acetic acid, in which it was moderately 
easily soluble, in pale yellow needles, m. p. 165° (Pound : C, 43*0; 
H, 2*4; N, 10*6; Cl, 35*9; M, ebullioseopic in benzene, 388. 
C 14 H 9 0 2 F 3 C1 4 requires C, 42*8; H, 2*3; N, 10*7; Cl, 36*1%; if, 
393). 

Reduction of 3 : 5-Dichloro-])4olue?ieazo-m-?iitrophenyldichloro- 
methane. — To 5 g. of the dichloromethane, suspended in a mixture 
of 50 c.c. of acetic acid and 50 c.c. of hydrochloric acid, 5 g. of granul- 
ated tin were added and the mixture was heated until a clear, 
.almost colourless solution was formed. This was cooled, made 
alkaline with caustic soda, and steam -distilled. 3 : 5-Bichloro- 
p-toluidine separated in the distillate as a white solid and was 
identified by means of its acetyl derivative, which crystallised from 
alcohol in colourless prisms, m. p. 207°, identical with a specimen 
prepared by the chlorination of aceto-p-toluidide. 

Reaction of 3 : 5-Dichloro-^4olueneazo-m-nitrophenyldichloro- 
methane with Sodium Acetate and Acetic Acid . — A mixture of 3 g. 
of the dichloromethane, 3 g. of anhydrous sodium acetate, and 
60 c.c. of acetic acid was boiled under reflux for 2 hours. The clear 
solution obtained was cooled and poured into 200 c.c. of cold water ; 

, a colourless semi-solid mass then separated which could not be made 
to crystallise. It was therefore boiled under reflux with a mixture 
of 25 c.c. of alcohol and 25 c.c. of hydrochloric acid for 2 hours ; 
the solution obtained was cooled and made alkaline, and the alcohol 
distilled off. Af ter filtration from tarry matter, the colourless liquid 
was acidified with hydrochloric acid; ether then extracted m- 
nitrobenzoic acid, m. p. 140° after crystallisation from water. * 

The Ghlorina/tion of p-Nitrobenzaldehyde-p-tolylhydrazone. 

<*-Ghloro-ip-nitrobenzaldehyde-3-chloro-p4olylhydrazone . — A very 
slow stream of chlorine was passed into a solution of 2 g. of p-nitro- 
benzaldehyde-p-tolylhydrazone in 150 c.c. of acetic acid, cooled in 
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winnin g water. In a few minutes &-chloro-'p-nitrobenzaldehyde- 
3-chloro-$-tolylhydrazme separated as an orange flocculent solid. 
CMormation was then stopped. The product, after being washed 
with water, crystallised from acetic acid, in which it was moderately 
easily soluble, as a felted mass of slender, bright orange prisms, m. p. 
163° (Found : d, 21*9. G u H 11 O s N > s GIs requires Cl, 21*9%). 
3-Chlcwo-j)4olyl-$-nitrobenzenylhydrazidine, 

C 6 H 3 Med-NH *N:C(NH 2 )-C e H 4 -N0 2 , 
which separated when a suspension of 2 g. of co-chloro-p-nitrobenz- 
aldehyde-3- chlor o -p - tolylhy draz one in 20 c.c. of alcohol was heated 
with 2 c.c. of concentrated aqueous ammonia, until a clear dark 
purple solution was formed, and then cooled, crystallised from alcohol, 
in which it was moderately easily soluble, in deep purple prisms, 
m. p. 162° (Found : d, 11*8. C 14 H 18 0^T 4 C1 requires Cl, 11*7%). 
]j-Nitrobenz-p-a£etyl-3-chloro-]3‘tolylhydrazide ) 

C 6 H 3 MeCl*NAc-NH-CO-C 6 H 4 -N0 2 , 

separated as a white solid when the solution obtained by boiling 
2 g. of co-chloro-p-nitrobenzaldehyde-3-chloro-p-tolylhydrazone, 
2 g. of anhydrous sodium acetate, and 40 c.c. of acetic acid under 
reflux for 2 hours was poured into 100 c.c. of cold water. It crys- 
tallised from alcohol, in which it was moderately easily soluble, in 
small colourless prisms, m. p. 164° (Found : Cl, 10*2. c 16 h 14 o 4 n 3 ci 
requires Cl, 10*2%). 

c^-Ghloro-^-nitrobenzaldehyde-3 : 5 -dichloro-j) -tolylhy drazone . — This 
was obtained, in the same way as the ra-mtro-compound, from 4 g. 
of ^-nitrobenzaldehyde-^-tolylhydrazone in 100 c.c. of acetic acid ; 
the intermediately formed 3 -chlor o -p - 1 olylhydrazone separated hut 
quickly redissolved. The 3 : o-dichloro-jy-iolyThydrazone crystallised 
from acetic acid, in which it was moderately easily soluble, in slender, 
bright yellow prisms, m. p. 139° (Found : Cl, 29*6. C 14 H 10 O 2 N 3 Cl 3 
requires Cl, 29*7%). 

3 : 5 -Dickloro-j>4olyl-p-nitrobenzenylhydrazidim crystallises from 
alcohol in orange-yellow plates, m. p. 159° (Found : Cl, 21*2. 
Ci 4 H 12 02N 4 C1 2 requires Cl, 21*2%). 

-p-Nitrobenz- ^-acetyl-3 ; o-dichloro-Q-tolylkydrazide crystallises from 
alcohol in small colourless prisms, m. p. 183° (Found : Cl, 18*8. 
®i6H 13 0 4 N 3 Cl2 requires Cl, 18*6%). 

co - GMoro - p - niirobenzaldehyde - 3 : 5 : N - trichlor o-ip -tolylhy drazone, 
obtained, in the same way as the m-nitro- compound, from 10 g. of 
jp-nitrobenzaldehyde-p-tolylhydrazone in 70 c.c. of acetic acid, 
crystallised from acetic acid, in which it was easily soluble, in 
irregular orange plates, m. p. 97° (Found : C, 42*3; H, 2*6; N, 
10-9; Cl, 35*9; if, cryoscopic in benzene, 383. C 14 E^0 2 N 3 C1 4 
requiresC, 42*8 ; H, 2-3 ; N, 10*7 ; Cl, 36*1 % ; if, 393). 
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This compound was treated in the manner described under 
w -chloro - nitrobenzaldehvde - 3 : 5 : N - trichloro-p - tolylhydrazone 
and its behaviour was exactly similar. It gave <o-chloro-p-nitro- 
benzaldehyde-3 : 5-dichloro-p -tolylhydrazone, m. p. 139°, on treat- 
ment with phenylhydrazine or on reduction with tin and hydro- 
chloric acid and was converted by boiling dilute acetic acid into 
3 : 5-dichloro-'p4olueneazo-p-nitrophenyldicMoromethane, which crys- 
tallised from acetic acid, in which it was moderately easily soluble, 
in bright yellow, elongated plates, m. p. 188° (Found : C, 43*1 ; H, 
2*4; N, 10*9; Cl, 35*8; M, ebullioscopic in benzene, 410. 
C 14 H 9 0 2 N 3 a 4 requires C, 42*8; H, 2*3; 1ST, 10*7; Cl, 36*1% ; 
M, 393). 

The azo-compound gave 3 : 5-dichloro-p-toluidine (acetyl deriv- 
ative, m. p. 207°) on reduction with tin and hydrochloric acid and 
was converted by boiling acetic acid and anhydrous sodium acetate 
into a white viscid solid, which gave p-nitrobenzoic acid, m. p. 
238°, on hydrolysis. 

The Chlorination of co -Bromo-m-nitrobenzaldehyde-3 : 5-dibromo - 
p- tolylhydrazone . 

u-Broim-m-nitrobenzaldehyde-TS - chloro -3:5- dibromo- p - tolylhydr - 
azone . — A rapid stream of chlorine was passed into a suspension of 
5g.of o>-bromo-m-nitrobenzaldehyde-3 : 5-dibromo-p-tolylhydrazone 
in 50 c.c. of hot acetic acid. From the orange solution produced, on 
cooling, to-bromo-m-nitrobenzaldehyde-7$-chloro-3 : 5-dibromo-j}4olyl- 
hydrazone slowly separated. This crystallised from alcohol, in which 
it was easily soluble, in deep orange prisms, m. p. 77° (Found : C, 
32*0; H, 1*7; N, 8*1; Cl + Br, 52*8. C 14 H 9 OoN 3 ClBr 3 requires 
C, 31*9 ; H, 1*7 ; N, 8*0 ; Cl + Br, 52*3%). 

By the method used in the two previous rearrangements, the 
chlorodibromotolylhydrazone was converted into 3 : 5-dibromo- 
p4olueneazo-m~nitrophenylclilorobromomethane, which crystallised 
from acetic acid, in which it was moderately easily soluble, in pale 
yellow needles, m, p. 157° (Found: C, 32*1; H, 1*8; 7*9; 

Cl + Br, 52*3. C 14 H 9 0 2 N 3 ClBr 3 requires C, 31*9 ; H, 1*7 ; N, 8*0 ; 
Cl + Br, 52*3%). 

The Chlorination of o-N itrobenzaldehyde-p-tolylhydrazone . 

<*-Chloro-o-nitrobenzaldehyde-3-chloro-'p4olylhydrazone . — A slow 
stream of chlorine was passed into a suspension of 5 g. of o-nitro- 
benzaldehyde-p-tolylhydrazone in 25 c.c. of acetic acid until the 
hydrazone just dissolved, forming a dark brown solution. From 
this, co - chloro - o-nitrobenzaldehyde -3-chloro-p- tolylhydrazone slowly 
separated. It crystallised from alcohol, in which it was easily 
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soluble, in orange rhombic plates, m. p, 103° (Found: 01, 21*7, 
C^HnOgNaOsj requires Cl, 21-9%). 

3-Eeto-l : 2-endo-3' -chloro-ip4olylimino-2 : 3-dihydro-l : 2-6e^iso- 
dtazole 1-Oxide . — This separated as a bright yellow solid when a 
solution of co-chloro-o-nitrobenzaldehyde-3-ehloro-p-tolylhydrazone 
(3 g.) in benzene was warmed with 3 c.c. of concentrated aqueous 
ammonia. It crystallised from alcohol, in which it was moderately 
easily soluble, in bright yellow, rhombic plates, explosion point 134° 
(Found : Cl, 12*1. C M H 10 O*N 8 Cl requires a, 12*3%). 

3-Eeto-l : 2-endo-3 r -chloro-ip4olyHmmo-2 : 3-dihydro-l : 2-benziso- 
diazole . — A solution of stannous chloride (2 g.) in hydrochloric acid 
was added to a solution of the explosive compound (2 g.) in 6 c.c. of 
acetic acid and 5 c.c. of hydrochloric acid. On dilution with water, 
the product separated as a pale yellow solid. It crystallised from 
alcohol, in which it was easily soluble, in colourless needles, m. p. 
173° (Found : Cl, 13*2. C 14 H 10 ON 3 C1 requires Cl, 13-1 %). 

co - CMoro - o - nitrobenzaldehyde -3:5- dichloro - p - tolyUiydrazone. — A 
suspension of 5 g. of o-nitrobenzaldehyde-^-tolylhydrazone in 25 c.c. 
of acetic acid, cooled to the ordinary temperature in running water, 
was saturated with chlorine. The hydrazone dissolved and a deep 
yellow solution was finally obtained, from which co-chloro-o-nitro- 
benzaldeJiyde-3 : 5-dichloro-p-tolylhydrazone slowly separated. It 
crystallised from alcohol, in which it was easily soluble, in pale yellow, 
six-sided plates, m. p. 87° (Found : Cl, 29*8. C 14 H 10 O 2 N 3 Cl 3 re- 
quires Cl, 29*7%). 

3-Eeto-l : 2-endo-3' : 5' -dichloro -p-tolylimino -2 : 3- dihydro -1 : 2- 
benzisodiazoh 1 -oxide, obtained in a similar way to the preceding 
oxide, crystallised from alcohol, in which it was moderately easily 
soluble, in bright yellow, six-sided plates, explosion point 155° 
(Found : Cl, 21*9. C 14 H 9 02 iSf 3 CL 2 requires Cl, 22*0%). Onreduction 
with stannous chloride it gave 3-keto-l :2-endo-3' :5' -dichloro-j)- 
tolylimino-2 : 3-dikydro-l : 2-benzisodiazole. which crystallised from 
alcohol, in which it was easily soluble, in colourless six-sided prisms, 
m. p. 202° (Found : a, 22*9. C^HgONgC^ requires Cl, 23*2%). 

The Queen’s College Laboratory, 

Oxford. 


[Received, January 29 th, 1930 .] 
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Thursday, March 27th, 1929, at 4 p.m. 

The President, Professor J. F. Thorpe, C.B.E., D.Sc., F.R.S., 
was in the Chair. 

The Report of the Council for 1929 — 1930, together with the 
Balance Sheets and Statements of Accounts for 1929, was presented 
by the President, and the Treasurer made a statement regarding 
the finances of the Society. The adoption of the Report and 
Accounts, proposed by Dr. J. A. Voelcker and seconded by Pro- 
fessor J. Kenner, was carried unanimously. 

Report of Council, 1929 — 1930. 

I. Fellowship Statistics . 

The number of Fellows at the 31st December, 1923, was 3980. 
During 1929, 210 Fellows were elected and 8 reinstated, as against 
203 and 11 in 1928, giving a gross total of 4198. Deaths of 49 
Fellows were recorded, 107 resigned, and the names of 117 were 
removed from the List of Fellows for non-payment of Annual 
Subscriptions, the corresponding figures for last year being 40, 135, 
and 99, respectively. The total number of Fellows at the 31st 
December, 1929, was 3925, showing a decrease of 55, as against 60 the 
previous year. 

The Council records with sorrow the death on the 17th September of 
a distinguished Fellow of the Society, Professor W. H. Perkin, 
who served as President from 1913 to 1915 and on the Council for a 
total of twenty years. At its meeting on the 17th October, the Council 
passed a special resolution of sympathy, which was read at the 
Ordinary Scientific Meeting and conveyed to Mrs. Perkin by the 
President, who, together with the Secretaries and other Members of 
Council, represented the Society at the funeral. A comprehensive 
account of the life and work of Professor Perkin is being prepared 
by Mr. A. J. Greenaway, Professor R. Robinson, and Professor J. F. 
Thorpe, and will be published in the Journal. 

The Society has also to mourn the loss of two of its Honorary 
Fellows, Professor Charles Moureu, elected on the 1st March, 1923, 
who was the first President of the Union Internationale de Chimie 
and a former President of the Societe Chimique de France, and Dr. 
T. B. Osborne, who was elected on the 7th March, 1912. An 
obituary notice of Dr. Osborne appeared in the Journal for 1929, 
p. 2974, and Sir William J. Pope is preparing an obituary notice of 
Professor Moureu. 

During 1929, 11 Honorary Fellows were elected, the total number 
at the end of the year being 31. 
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II. Jubilee Fellows . 

The congratulations of the Society have been sent to the 
following Fellows who have attained their Jubilee as Fellows : 


William Thomas Gent 

William Stone 

Alfred Walter Stokes 

Charles Slater 

Frank Litherland Teed 

Victor Herbert Veley 

George Richard Tweedie 

Joji Sakurai 

George Stacey Albright ...... 

Wyndham Rowland Dunstan 

Joshua Knowles 

Henry Forster Morley 

Alexander Scott 

George Stallard 

William Macnab 

Alexander Kenneth Miller .... 


Elected. 

April 17th, 1879. 
April 17th, 1879. 
April 17th, 1879. 
April 17th, 1879. 
April 17th, 1879. 
April 17th, 1879, 

June 19th, 1879. 

June 19th, 1879. 
December 18th, 1879. 
December 18th, 1879. 
December 18th, 1879. 
December 18th, 1879. 
December 18th, 1879. 
December 1 8th, 1879. 
February 19th, 1880. 
February 19 th, 1880. 


m. Journal. 

The Journal for 1929 contains 2981 pages, of which 2899 pages are 
occupied by 400 memoirs and 31 notes, the remaining 82 pages being 
devoted to Obituary Notices (13 pages), two Lectures (29 pages), the 
Beport of the Annual General Meeting (17 pages), the Presidential 
Address (19 pages), and Table of Atomic Weights (4 pages). The 
volume for 1928 contains 438 memoirs and 28 notes, occupying 
3216 pages. 

During 1929, 466 papers were offered to the Society for publication 
in the Journal; of these, 21 were declined. The corresponding 
numbers for 1928 are 501 and 15. The average interval between 
the dates of receipt and of publication of papers is 9*8 weeks for 
1929, and 10*75 weeks for 1928. 

The Council records its sincere appreciation of the arduous and 
responsible work undertaken by Fellows in refereeing papers sub- 
mitted for publication. 

IY. Absi/ra&s, 

The “ A ” Abstracts for 1929 contained 10,463 abstracts, occupy- 
ing 1500 pages, compared with the corresponding figures for 1928 
of 9456 and 1408 respectively. These comprised 5346 in General, 
Physical, and Inorganic Chemistry, 189 in Geochemistry, 2326 in 
Organic Chemistiy, and 260 2 in Biochemistry. The corresponding 
figures for 1928 were 4718, 224, 2236, and 2268. 

The expansion of published chemical work, reflected in the 10 per 
-cent, increase in the number of abstracts for 1929 as compared 
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with 1928, still continues. From the figures quoted in the fore- 
going paragraph, it will be seen that the increase has been specially 
marked in the sections of General, Physical, and Inorganic Chemistry 
and Biochemistry. The total of 10,463 “ A 55 abstracts for 1929 
may be compared also with corresponding figures for earlier years, 
such as 5978 (in 1913), 5572 (in 1923), and 7978 (in 1926). The 
number of “ B 55 abstracts in 1929 was 9717, so that the total 
number of abstracts published by the Bureau in one year has now 
exceeded the 20,000 figure. 

Annual Index . The Joint Annual Index for the 1928 abstracts 
covered 576 pages, as compared with 514 pages in the previous year. 
The cost of printing was £1187 16^. 10$., and the cost of paper 
£261 175. 5$., representing an increase in both respects, although 
the cost of printi ng per page was £2 15. 3d. in 1928, as compared with 
£2 45. 2$. in 1927. 

Collective Index. During the past year the Bureau devoted much 
consideration to the question of a Collective Index for the period 
1923-32, and the relevant facts and figures were submitted to the 
two Councils concerned. With the sanction and substantial financial 
support of both bodies, and with the further aid of a grant promised 
by the Koyal Society, the Bureau expects to proceed with the pre- 
paration of the Index, as soon as it appears that adequate support 
from subscribers is forthcoming. 

V. Library. 

Excluding the evenings on which meetings of the Chemical 
Society were held, there were 7567 attendances during the past 
year as compared with 8037 in 1928. Of the 7567, 4962 were made 
by Fellows of the Chemical Society, while 2605 were made by 
Members of Contributing Societies, as against 2669 in 1928. 

The number of books borrowed during 1929 was 5402, as against 
5262 the previous year ; of these 1466 were issued by post, as ag ains t 
1337 in the preceding year. 

The additions to the Library comprise : 231 books, of which 
71 were presented, 690 volumes of periodicals and 150 pamphlets; 
as against 281 books, 664 volumes of periodicals and 138 pamphlets 
last year. The total number of volumes added during the year 
was 921, showing a decrease of 24. The Library now contains 
33,753 volumes, consisting of 10,159 books and 23,594 bound 
volumes of periodicals, 

VI. General. 

• Lectures . The first Pedler Lecture, entitled 44 The Early History 
of the Synthesis of Closed Carbon Chains, 55 was delivered by Professor 
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W. H. Perkin on the 30th May, and has been published in the 
Journal for 1929 (p. 1847). The second Liversidge Lecture, given by 
Professor H. Freundlich on the 12th December and entitled 4 4 Surface 
Forces and Chemical Equilibria/ 5 has also been published in the 
Journal (1930, p. 164). 

On the 25th April Sir Harold Hartley delivered a Memorial Lecture 
on the Life and Work of the late Theodore W. Richards, which will 
be published during 1930. 

The Council has conveyed its thanks to these lecturers. 

Professor 6. von Hevesy and Professor Niels Bohr have accepted 
the invitation of Council to be the Hugo Muller and Earaday 
Lecturers respectively in 1930. 

Anniversary Meeting. The Annual General Meeting was held at 
the University of Leeds on the 21st March, and the Anniversary 
Dinner, at which the chief guests were the Viscount Lascelles, K.G. 
(the present Earl of Harewood), the Vice-Chancellor of the University, 
and the Lord Mayor of Leeds, was held the same evening in the Town 
Hall. The large attendance at these functions has confirmed the 
Council in its view that there is a general desire on the part of the 
Fellows that Annual Meetings should be held in the Provinces at 
frequent intervals. An account of the Annual General Meeting 
appears in the Journal, p. 817, and a report of the Dinner in the 
Proceedings (p. 37). 

Representatives at Celebrations and on Committees. The President, 
accompanied by the Senior Secretary, represented the Society at 
the Paul Schutzenberger Centenary Celebrations in Paris on the 
7th November, 1929, and presented an address of congratulation. 
The President also represented the Society at the opening of the 
Imperial Chemical Industries 5 Agricultural Station at Maidenhead. 

Principal R. H. Raikes represented the Society at the Centenary 
Celebrations of the South African College at Cape Town, and 
presented the Society’s congratulatory Address. The Prince 
Ginori Conti was the Society’s delegate at the III 6me Congres 
National de Chimie Pure et Appliquee at Florence, and the Society 
was represented by Mr. R. Truszkowski at the IP me Congres des 
Ghimistes Polonais at Poznan, by Dr. L. H. Lampitt at the TX.^* 3 
Congr&s de Chimie Industrielle at Barcelona, and by Dr. K. Fisher 
at the Conference on Educational Films in London. 

Professor C. S. Gibson, Mr. A. J. Greenaway, Dr. J. T. Hewitt, 
Professor G. T. Morgan, and the Treasurer have continued to be the 
Society’s members of the Bureau of Chemical Abstracts, and the 
Society’s representatives on the Federal Council for Chemistry are 
Professor C* S. Gibson, Sir William J. Pope, and Professor J. F. 
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Thorpe. Professor R. Whytlaw Gray has been appointed by the 
Council to represent the Society on the recently formed Colloid 
Co mmit tee of the Faraday Society, and Professor W. A. Bone repre- 
sented the Society on the Com m ittee appointed by the Association 
of British Chemical Manufacturers to consider amendments in the 
Patents and Designs Acts (see p. 856). 

Liebig Portrait. The copy of the “ Muspratt ” portrait of Liebig, 
which, as stated in the last Report of Council, had been painted by 
Mr. G. A. Pownall, was presented on behalf of the Society to the 
German Chemical Society on the 8th May by the President, when 
he and the Senior Secretary attended a special meeting in Berlin. 

Longstaff Medal. The Longstaff Medal for 1930 has been 
awarded to Dr. W. H. Mills for his distinguished researches in 
organic chemistry especially in relation to stereochemistry. The 
presentation will be made at the Annual General Meeting on the 
27th March. 

Fellowship Statistics. The statistics given at the beginning of this 
report show that the diminution in the number of Fellows referred 
to in the last report still persists, and the matter is being carefully 
considered by the Council, which has appointed a Committee to 
enquire into the matter. This Committee has presented an interim 
report which, in particular, draws attention to the fact that a falling- 
off in membership concerns also the Society of Chemical Industry, 
and that close co-operation between the two societies may be 
desirable in any steps which may be taken to remedy this state of 
affairs. The matter is still under consideration and an announce- 
ment will be made in due course. 

The action of the Council in approaching Chemical Societies 
abroad with a view to the mutual publication of terms of membership 
has met with a cordial response, and particulars received by the 
Society from the Deutsche Chemische Gesellschaft, the Norsk 
Kjemisk Selskap, the Real Sociedad Espanola de Fisica y Quimica, 
and the Suomalaisten Kemistien Seura were included at the end of 
the Journal for January, 1930. 

A Central Building in London for Scientific and Technical Institu- 
tions. There would appear to be little need to remind Fellows of the 
urgent necessity for larger and more convenient accommodation for 
the Society, which has occupied its present apartments since 1874, 
when the number of Fellows was 733. In May, the President 
informed the Council that he had been approached with respect to 
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the possibility of the Chemical Society co-operating in a scheme for 
providing in London a Central Building for housing certain scientific 
and technical institutions. A Committee was appointed to enquire 
into and report upon the scheme, and in June the Council, on the 
recommendation of this Co mmit tee, agreed to the principle involved. 
The President (or in his absence, the Senior Secretary) was appointed 
to serve on the General Exploring Committee, and the President, 
Professor C. S. Gibson, and Dr. F. L. Pyman were elected to serve 
on a Joint Chemical Committee composed of representatives 
appointed by the Chemical Society, the Society of Chemical 
Industry, the Institution of Chemical Engineers, and the Institution 
of the Rubber Industry. This Joint Committee has met on several 
occasions, and the Council hopes shortly to be in a position to make 
an important announcement indicating the progress that has been 
made. 

Presidency. In view of the important part which the President of 
the Society must take in the furtherance of the scheme, and in order 
that continuity of effort may be maintained, the Council has nomi- 
nated the retiring President for another term of office. Professor 
Thorpe has accepted nomination on the understanding that he is at 
liberty to place his resignation in the hands of the Council at the end 
of the first year of the new period of office. 

Patents and Designs Acts. In the Proceedings for June, the 
Council directed the attention of Fellows to the arrangements made 
by the Federal Council for Chemistry in connection with the pre- 
paration of a joint memorandum representing the considered views 
of chemists as to whether any, and if so what, amendments in the 
Patents and Designs Acts, or changes in the practice of the Patent 
Office, were desirable. Fellows were invited to send suggestions for 
consideration by the Committee of the Association of British 
Chemical Manufacturers, which was also acting as the Co mmit tee of 
the Federal Council for Chemistry. The Council is informed that 
the memorandum has now been presented to the Board of Trade. 

Nomenclature. The Council has received from the Bureau of the 
Union Internationale de Chimie a request to publish in the Journal 
the proposed reforms in the Nomenclature of Organic and Inorganic 
Chemistry adopted by the Council of the Union Internationale. The 
matter was referred to the Federal Council for Chemistry and, at its 
suggestion, the Secretaries wrote informing the Bureau of the Union 
that the Federal Council, representing the opinion of British 
chemists, considered that publication of these reports should be 
postponed until they had been further considered by Committees 
on which the opinion of all adherents to the Union was represented. 
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Atomic Constants . The Council has directed the attention of the 
Federal Council for Chemistry to the desirability of the regular pub- 
lication of International Tables of Atomic Constants. 

The List of Fellows , published this, year by the direction of the 
Council, was issued in October. This list, in addition to the usual 
information, indicates the various Constituent Organisations of the 
Federal Council for Chemistry of which Fellows are members. 

Journal of Physical Chemistry . The Council was informed in 
October that the Chemical Foundation had agreed to be responsible 
for the business arrangements of the Journal of Physical Chemistry . 
Professor A. J. Allmand and Professor F. G. Donnan have been 
appointed by the Council to represent the Society on the British 
Editorial Board for a further period of two years. 

Annual Reports. The volume of Annual Reports for 1929 in- 
cludes, in addition to the usual subjects, a report on Crystallography 
and a biennial report on Mineralogical Chemistry. 

The Council desires to thank those who have contributed to this 
volume. 

Research Fund. Applications for research grants received during 
the year amounted to £901 and the sum allotted was £736 (Pro- 
ceedings, pp. 74 and 123). 

Bequest and Gifts. The Council has received intimation that 
under the will of the late Professor W. H. Perkin the sum of £1000 
subject to a life interest has been bequeathed to the Publications 
Fund of the Society. It has also gratefully accepted an offer to pre- 
sent to the Society a life-size bronze plaque of Professor Perkin from 
his colleagues and students. The offer was made through Professor 
J. F. Thorpe, Chairman of the Perkin Memorial Fund Committee. 

The Proceedings for January 1930 (pp. 1 and 2) contain an 
account of the presentation to the Society of a Silver Mace by Mr. 
Ayerst Henham Hooker to commemorate his attaining his Jubilee 
as a Fellow. Professor Joji Sakurai, who has also recently cele- 
brated his jubilee as a Fellow, has sent a contribution of £10 to mark 
the occasion (Proceedings 1929, p. 69). The Council records its 
particular appreciation of the generosity of these two jubilee Fellows, 
and has also expressed its thanks to Mr. Basil Holmes for a framed 
photograph (dated 1878) of a group of Fellows of the Royal Society, 
and to Mr. E. W. J. Neave for a set of Journals from 1921 to 1927. 

The Annual Chemical Dinner, in which the Chemical Society co- 
operated, was held in the Connaught Rooms on the 8th November, 

the principal guest of the evening being the Rt. Hon. Lord Dewar. 
a a 
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The Chemical Club has met eleven times during the year, and now 
dines on the days of the meetings of Council and of special lectures 
at the New Lauriers Restaurant, 102, Jermyn Street, S.W. 1. 

VII. Financial . 

General Purposes Account. The income of the Society for 1929 
is less than that for 1928 by £94 3s. Id. and the expenditure greater 
by £133 12s. lOd. 

The chief reason for the decreased income is the loss of £306 17s. 
in the amount received as Annual Subscriptions. There is an 
increase of £64 13s. Id. in income tax recovered, and of £158 11s. 9 d. 
on deposit interest, the latter being due to the Society placing on 
deposit the money received on account of the sales of publications. 
Administration Expenses have increased by £12 19s. 9 d. The 
sum paid as salaries is £93 18s. 4d. in excess of that for last year ; 
in this is included a bonus of £55 granted to the staff in consideration 
of the extra work involved in the Society acting as its own publisher. 
It has also been necessary to engage an extra junior clerk. Furni- 
ture, House Expenses, and Repairs are less than last year by 
£59 2s. Id., Miscellaneous Expenses by £39 3s. 2d., and the sum 
transferred to the Publications Fund Account by £723 7s. 2d. 
Increased expenditure was incurred of £58 3s. 2d. in Miscellaneous 
Printing and Stationery and of £40 10s. 5d . in Expenses of Meetings. 
The sum of £350 transferred to Pensions Fund Account is £200 in 
excess of that for last year. The contribution to the Library is 
£118 15s. Id. higher than in 1928. £500 has been transferred to 
the Special Publication Fund Account to form a Sinking Fund 
which shall meet in part the cost of the preparation and publication 
by the Bureau of Chemical Abstracts of the Collective Index 1923- 
1932. The Council has further resolved that the sum of £250 shall 
be transferred to this fund in January of each year from 1930 to 
1933 inclusive and that the Special Publications Fund shall finance 
the project up to an amount not exceeding £2000. 

Publications Fund Account. Omitting from the income account 
the sums of £243 195. 5d. in 1929 and £220 3 s. 11 d. in 1928, which 
have been capitalised, and the sums transferred from General 
Purposes Account, the income for 1929 exceeds that for 1928 by 
£588 6a. 6d. This is mainly due to an increase of £540 5s, 10 d. in 
the sales of publications, which is approximately the sum paid last 
year as commission to the former Publishers and represents a 
considerable saving to the Society. 

Journal. The total expenditure on the Journal shows a decrease 
of £360 la. ^. compared with last year. The cost of printing and 
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paper is down by £389 8s. 7 d. owing to the number of pages being 
235 less ; distribution and banding are less by £52 8s. 6 d. Editorial 
salaries have increased by £113. 

Abstracts. Expenditure on account of the Abstracts this year 
shows an advance of £84 Os. Id. over that for 1928. Printing is 
higher by £97 4s. lOd. owing to there being 92 more pages, and to 
the cost of the index being increased by £78 5s. Id. The saving of 
£102 4s. 1 d. in the cost of paper is due to an excess of stock having 
been purchased in 1928. 

List of Fellows. The List of Fellows cost £143 14s. 9 d. as against 
£129 8s. 2 d. when it was issued in 1927. 

Library . The contribution from the General Funds of the Society 
exceeds that for 1928 by £118 15s. Id. The sum spent on books and 
periodicals and on binding is greater by £93 8s. 3d. and salaries are 
higher by £32 12s. 6d. It will be seen that approximately a quarter 
of the total sum expended on the Library is met by the Contributing 
Societies. 

Staff Pensions Fund Account. If the sum of £9 11s. 3d. under 
Miscellaneous Receipts be disregarded it will be seen that the ex- 
penditure exceeds the income from investments by £92 14s. \0d. 
The Council decided that the sum of £350 should be transferred 
from General Purposes Account to meet this deficit and that the 
balance should be invested. The capital of the fund now stands 
at £907 14s. The Council desires to emphasise the need for further 
donations in order that the income from the Fund may be such as 
will enable it to meet the present charges and the further demands 
that in course of time will be made upon it. 

General. A contribution of £50 has been made to the Federal 
Council for Chemistry for the year 1929, and a donation of £5 has 
been sent to the New International Association for Testing Materials. 

The thanks of the Council have been conveyed to the Royal 
Society for the sum of £250 received from the Government Publica- 
tions Grant towards the cost of, the Society’s publications for 1929, 
and to Imperial Chemical Industries, Ltd., for a contribution of 
£100 to the Publications Fund. 

The sum of £200 on the Publications Fund Account has been 
invested in London Midland and Scottish Railway 4 per cent. 
Guaranteed Stock, and the 5 per cent. War Loan Stock 1929-1947 
amounting to £11,149 11 s. lOd. has been converted into 5 per cent. 
Conversion Loan, 1944-1964. 
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A vote of thanks to the Auditors, Dr. 0. L. Brady, Dr. A. E. 
Dunstan, and Dr. P. Haas, for auditing the Accounts for 1929 was 
proposed by the Treasurer, seconded by Professor C. S. Gibson, 
and carried, acknowledgment being made by Dr. 0. L. Brady. 

It was moved from the Chair and carried that Professor J. C. 
Drummond, Dr. P. Haas, and Dr. J. Kenyon be elected Auditors 
to audit the Accounts of the Society for 1930. 

A vote of thanks to the Treasurer, Secretaries, Foreign Secretary, 
Council, and Committees for their services during the past year, 
was proposed by Professor C. K. Ingold and seconded by Mr. E. 
Hines. Acknowledgment was made by Professor F. G. Donnan. 

In presenting the Longstaff Medal for 1930 to Dr. W. H. Mills, 
F.R.S., the President said : — 

“ Dr. Mills, it is my pleasant duty to present to you the 
Longstaff Medal which has been unanimously awarded to you 
by the Council. 

£C The Medal was established by a resolution of Council 
dated December 21st, 1876, by which it was agreed to accept 
a donation of £1000 to the Research Fund by Dr. Longstaff 
on the understanding that c a gold medal of not less value than 
£20 be awarded triennially to the Fellow of the Society who, in 
the opinion of Council, has done the most to promote Chemical 
Science by research. 9 

“ Chemists generally will welcome the decision of Council to 
award this medal to you because you have contributed a long 
and steady series of papers to our Transactions on subjects of 
the highest importance to the advancement of Chemical 
Science. Of these I would mention particularly your admirable 
investigations of the cyanine dyes and their uses as photo- 
graphic sensitisers — information which proved to be of the 
greatest service to our fighting forces during the Great War — 
but more especially your researches on the occurrence of 
optically active forms of those substances which possess mole- 
cular dissymmetry such as the ketodilactone of benzophenone- 
2 : 4 : 2' : 4/ - tetracarboxylic acid and the pyridylhydrazone of 
. c^cZohexylene dithiocarbonate. 

“ By these investigations you have definitely established the 
fact that the cause of the absence of optical activity among 
aromatic derivatives due to the uniplanar character of the 
benzenoid structure is no longer effective when two rings are 
joined in such a manner as to make them lie in different planes 
and you have recently emphasised this fundamental conclusion 
by resolving benzenesulphonyl-8-nitro-l-naphthylglycine and 
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thus showing that the inhibition of free rotation about a single 
bond leads to molecular dissymmetry. 

“ All this work has required the exercise of the highest 
attributes of the Research Chemist; infinite patience, high 
knowledge, clear reasoning, and great manipulative skill. It 
is, therefore, with the greatest pleasure that I hand you the 
Medal on behalf of the Council, and express the hope that you 
will continue in the future to add to your achievements by 
further enriching the science our Society was founded to foster.” 

Dr. Mills made acknowledgment. 

The Harrison Memorial Prize for 1929 was then presented to 
Dr. R. P. Linstead by the President, who said : — 

“ Dr. Linstead, it is my pleasant duty to present to you the 
Harrison Memorial Plaque and Prize which has been unani- 
mously awarded to you by the Committee appointed under the 
Trust Deed, consisting of the Presidents of The Chemical 
Society, The Society of Chemical Industry, The Pharmaceutical 
Society, and The Institute of Chemistry. 

“ The description of the Award is best given in the words of 
the late Sir George Beilby, the Chairman of the Harrison 
Memorial Committee, who said ‘ with the balance of the sum 
collected (after defraying the cost of the War Memorial) it 
was decided to create a fund to provide, every three years, a 
prize of approximately £150, to be awarded to the Chemist, 
man or woman, not over thirty years of age, who shall have 
made, the most meritorious original contributions to chemical 
science during the previous five years. It is to be given for 
distinguished research in any branch of chemistry, pure or 
applied, and no restriction is to be placed upon the manner in 
which the prize is to be utilised by the recipient.' 

“It is seldom that a research worker within the age limits 
demanded by the Trust Deed strikes out a line for himself and 
does not merely elaborate and extend the research problems 
on which he has been trained. Nevertheless, during the period 
required by the Deed you have succeeded in devising and 
establishing on a sure basis a means by which it is now possible 
to determine the relative proportions of the constituents present 
in equilibrium mixtures formed by the interchange of the 
ap- and py-structures of substances exhibiting three-carbon 
tautomerism, and have thus supplied a method by which the 
close and quantitative study of this fundamental phenomenon 
can be effected. 

” In awarding this prize and plaque I have to remind you 
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INCOME AND EXPENDITURE GENERAL PURPOSES 


1928 Income , . 1929 

£ s, d, £ s, d, & 8, d, £ s, d. 

60 0 0 To Life Composition Fees 172 10 0 

„ Annual Subscriptions : — 

912 0 0 Received in advance, on account of 1929 966 0 0 

„ 8061 0 0 

1928 474 0 0 

1927 and previous years 20 0 0 


8813 0 0 „ during 1929 

563 17 0 „ „ 

39 0 0 „ „ „ 


9827 17 0 
500 0 0 


9521 0 0 

Less amount included in last year’s Income, being valua- 
tion of Arrears as per last Balance Sheet 500 0 0 


9327 17 

0 



9021 0 

0 





Add Arrears at date : £910; Estimated to realise as per 



500 0 

0 



Balance Sheet 

500 0 

0 


— 

9827 17 

0 



— 




»» 

Investments, Dividends on : — 







£787 London, Midland and Scottish Railway 4 per cent. 



25 3 10 



Debenture Stock ... ... 

25 3 

9 

36 10 

0 



£1520 14j. 3d. Cardiff Corporation 3 percent. Stock, 1914/54 

36 10 

0 

28 0 

0 



£1400 India 2£ per cent Stock 

28 0 

0 

48 0 

0 



£2400 Bristol Corporation 2} per cent. Debenture Stock 

48 0 

0 





£2713 London, Midland and Scottish Railway 4 per cent. 



86 16 

4 



Preference Stock ... 

86 16 

4 

28 16 

0 



£1200 Leeds Corporation 3 per cent. Stock 

28 16 

0 

36 0 

0 



£1500 Transvaal 3 per cent. Guaranteed Stock, 1923/53 

36 0 

0 





£1200 London and North Eastern Railway 3 per cent 



28 16 

0 



Debenture Stock ... ... ... 

28 16 

0 

19 12 

0 



£700 Canada 3£ per cent Stock, 1930/50 

19 12 

0 

105 0 

0 



£2100 5 per cent War Stock, 1929/47 

105 0 

0 

44 0 

0 



£1100 5 per cent. War Bonds, 1929/47 

44 0 

0 

19 4 

0 



£600 Funding Loan, 4 per cent., 1960/90 

19 4 

0 

323 4 

0 



£11212 9s, Si per cent Conversion Stock ... 

313 18 

11 


— 

829 2 

2 



— 



__ 

j> 

Income Tax recovered ... 





144 12 

7„ 

Income Tax recoverable 





60 11 

6 ,, 

Interest on Deposit 





47 16 

7 ,, 

Miscellaneous Receipts ... ... 





100 0 

o„ 

Editing Liversidge Papers (see contra) 




9521 0 0 


819 17 0 
209 6 2 

219 3 3 
46 9 10 


£11,069 19 10 


£10,988 6 3 
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ACCOUNT for the YEAR ended 31st DECEMBER 1929. 


1928 


Expenditure, 


1929 


£ 4. 

d . 

£ 

4. 

d. 



£ 4. 

d. 

£ 

4. 

d . 






By Administration Expenses 






1456 7 11 





Salaries of StafE 

1550 6 

3 




290 12 

6 





Wages (Commissionaire, Housekeeper, and Charwomen) 

289 13 

6 




51 2 

8 





Coal and Lighting , 

53 6 

0 




116 10 

4 





House Expenses and Repairs 

75 16 

9 




19 13 

6 





Furniture ... ... 

1 5 

0 




18 8 

1 





Telephone ... 

22 6 

5 




15 2 

5 





Insurances 

12 17 

5 




31 10 

0 





Accountants’ Charges 

31 10 

0 




8 0 

0 





Commission on Recovery of Income Tax 

14 7 

8 




279 19 

7 





Miscellaneous Printing and Stationery 

338 2 

9 




163 15 

4 





Postages 

167 1 

0 




128 9 10 





Superannuation of StafE 

128 9 10 




15 6 

6 





Congratulatory Addresses ... 

11 9 

0 




80 12 11 





Miscellaneous Expenses ... ... 

41 9 

9 




50 0 

0 





Preparation of Inventory and Valuation for Insurance 

— 





— 






Legal ... 

10 10 

0 





— 

2725 11 

7 




— 

2738 11 

4 



121 14 

1 

>> 

Expenses of Meetings 



162 

4 

6 



99 11 

2 

»» 

Advance Proofs and Reports of Meetings 



94 

5 11 






»» 

Donations 






50 0 

0 





Federal Council 

50 0 

0 




10 0 

0 





International Congress of Photography 

— 





5 0 

0 





International Testing Association 

5 0 

0 




— 

— 

65 

0 

0 




— 

55 

0 

0 



5807 16 10 

»> 

Contribution to'Publications Fund ... ... 



5084 

9 

8 



60 

0 

0 

»» 

Transfer to ditto (Life Composition Fees) 



172 10 

0 



1685 

8 

6 

»» 

Contribution to Library Fund ... ... 



1804 

3 

7 



150 

0 

0 


Transfer to StafE Pensions Fund ... 



350 

0 

0 




— 


*» 

Transfer to Special Publication Fund (to form Sinking 












Fund for Collective Index, 1923-32) 



500 

0 

0 



100 

0 

0 

»» 

Editing Livereidge Papers (see contra) 



— 







ti 

Excess of Ordinary Income over Ordinary Expenditure 








254 17 

8 


carried to Balance Sheet 



27 

1 

3 


£11,069 19 10 


£10,988 6 3 
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that they were founded to commemorate an exceptional man 
who gave his life for his country just as surely as if he had been 
killed on the field of battle and to express the hope that through- 
out your life you may be guided by his high sense of service 
and his great devotion to duty.” 

Brief acknowledgment was made by Dr. Linstead. 

The President delivered his Address, entitled : “ Internal Co- 
operation.” A vote of thanks to the President for his services in 
the Chair during the past year and for his Address was proposed 
by Professor H. B. Baker and seconded by Professor W. P. Wynne. 
This was carried with acclamation and acknowledged by the 
President. 

It was announced that the following had been elected to fill the 
vacancies on the Council for the year 1930 — 31 : — 

President.— J . F. Thorpe. 

Vice-Presidents who have filled the office of President. — P. F. Frank- 
land, A. Scott. 

Vice-Presidents who have not filled the office of President . — A. Lap- 
worth, F. L. Pyman. 

Ordinary Members of Council : — 

Town Members : T. J. Drakeley, R. H. A. Plimmer, C. K. 
Tinkler. 

Country Members : H. M. Dawson, E. Hope, J. Kendall. 
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PRESIDENTIAL ADDRESS. 

Delivered at the Annual General Meeting, March. 27th, 1930. 

By Jocelyn Field Thorpe, C.B.E., D.Sc., F.RS. 

Internal Co-operation . 

I find, on looking through a number of Presidential addresses given 
before the Society in the past, that usually it has been the custom 
to devote the address given at the end of the second and final year 
of office to matters relating to the progress of the Society during the 
previous two years, leaving the earlier or first address to deal either 
with some subject of scientific interest with which the President was 
personally familiar or with the discussion of some wide problem which, 
at the moment, was of general interest to the Fellows. The Fellows 
have elected me to another term of office, and I am grateful to them 
for doing so, because it shows that they have a certain confidence in 
my desire to further the interests of the Society during the difficult 
period that is before us. Nevertheless, I am fully determined to 
take advantage of the permission accorded me to submit my resigna- 
tion to the Council at the end of the first year of the new period, so 
that the present occasion constitutes not only the second address of 
the first term but al£o the first address of the new term, and next 
year I shall be in a position to survey the progress made by the 
Society during my three completed years of office. It is my inten- 
tion, therefore, to use this occasion to express views and opinions on 
certain aspects of our Science and to elaborate certain matters 
which formed the subject of my address at Leeds last year. 

The Need for Uniformity of Effort 

In my address to the Society last March I dealt with Co-operation 
in Science and Industry. It is my intention to-day to deal with the 
more intimate matter of internal co-operation, affecting as it does 
the immediate future of the Society. In the previous address it 
was stated that “ the w T ar, although one of the greatest economic 
disasters the world has yet experienced, gave, without question, a 
stimulus to discovery and production which no other event could 
have occasioned/ 5 The war did more than this, for it showed the 
results and achievements which could be accomplished by united 
efforts towards a common end. The world needed such a lesson, and 
the amazing development in Science and Industry that has taken 
place since that great upheaval must he ascribed to the fact that 
the nations are now applying the lessons learnt in war to the more 
settled but not less arduous conditions of peace. Indeed, the spirit 
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of co-operation or rationalisation is now directing human progress in 
numerous directions, and not only is leading to internal co-opera- 
tion within specific branches of activity, but is causing many groups 
dealing with related subjects to join together in their own and in the 
national interests. For it is certain that the next twenty years will 
witness a struggle for supremacy in scientific effort and in the 
industrial application of science throughout the world which will be 
even more intense than was the struggle between the contending 
nations during the war, and that only those nations will succeed in 
this struggle who have equipped themselves with knowledge and with 
the ability and foresight to apply that knowledge by united effort 
towards the achievement of a common purpose. 

The Need for a Scheme . 

In the previous address it was pointed out that it is chiefly to the 
chemical and allied industries — mining and metallurgy — that the 
country turns for the utilisation of its potential productive capacity, 
because it is their function, aided by the engineer, to make available 
its mineral, vegetable, animal, and atmospheric wealth. It must be 
recognised, therefore, that the separation into isolated units of the 
organisations dealing with the scientific and technical development 
of the three basic industries mentioned — namely those of Mining, 
Metallurgy, and Chemistry — is not in accordance with the existing 
state of scientific knowledge, and that the Nation and Empire cannot 
utilise to the full the forces inherent in them unless some scheme can 
be devised by which close co-operation between these groups can be 
effected. Such a scheme would have to be framed so as to enable 
the constituent organisations to retain their autonomy, but it 
should be drawn up in such a manner as to ensure that full oppor- 
tunity would be afforded for general intercourse and discussion. 

At the present time the organisations dealing with the subjects 
mentioned above are housed — some very inadequately — in various 
parts of the metropolis, and there are few facilities for the inter- 
change of thought and ideas. There is no general meeting-room, and 
although most of the Societies and Institutions involved have 
libraries sufficient for the immediate daily needs of such of their 
members as are resident in London, such libraries are scattered 
and are not readily available for anyone who wishes to obtain inform- 
ation, even on specific subjects, and especially on those related to 
border-line enquiries. Data connected with matters not immedi- 
ately within the province of any one particular subject but belonging 
to two or more of them are at present difficult to find. A general 
Library and Information Bureau is therefore one of the chief require- 
ments of the Scheme: others are a Central Meeting-Room, 
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secretarial offices closely in touch with one another, and such 
provision for social amenities as may be necessary to permit of 
intercourse between the members of the various branches during 
their leisure moments and to provide a centre for visitors from 
overseas. 

In the chemical world the need for such a scheme has been recog- 
nised for ten years past, and efforts have been made from time to 
time to give effect to it. But, for one reason or another, each scheme 
has failed to reach fruition, mainly because it involved .the raising 
of capital by means of a loan or some other form of financial com- 
mitment which it was felt unwise to ask the various Societies and 
Institutions to bear. 

The Societies dealing with Chemistry, as indeed those dealing with 
other branches of science and industry, are not wealthy bodies. Most 
of them possess a small accumulated capital, but the main source 
of income is the subscriptions derived from their members. The 
chief item of expenditure is the cost of their publications, the adminis- 
trative expenses being comparatively small. It is only by the 
exercise of rigorous economy that it is possible to provide for a small 
credit balance at the end of each year, and it would therefore be 
unwise to saddle the Societies with a debt which would necessitate 
the payment of interest and the creation of a sinking fund. Any 
scheme therefore which could be regarded favourably as a means of 
linking up the Chemical Societies under one roof would involve the 
collection of a sufficient fund by public subscription, and, hitherto, 
the sum regarded as necessary for this purpose has been too large 
to be within the sphere of practical accomplishment. The need, 
however, is urgent, because other nations, notably the French, are 
actively engaged in co-ordinating their chemical activities, and the 
Americans already have their “ Chemists’ Club ” in New York. 
Unless, therefore, something is done, and that quickly, we shall 
be handicapped in the struggle with which we are faced. 

Former Presidents have emphasised the need for such a scheme 
on the part of our own Society, and even twenty years ago it 
was regarded as inevitable. The reason for this is that our apart- 
ments in Burlington House, which were given us rent free by the 
Government fifty years ago, have long since ceased to provide us 
with adequate accommodation. The meeting-room is too small, 
and is incapable of being suitably ventilated. The seating, which 
has been arranged so as to give the maximum seating capacity, is 
unsuitable. Everyone who has occupied this Chair and who has 
witnessed the contortions necessary to enable the occupants of the 
cross benches on the west side to see the screen will have sympathised 
with those who have had to seat themselves there. On occasions, 
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such as those of our special lectures, we cannot use this meeting- 
room owing to lack of space, and have to seek accommodation 
elsewhere. The Library is now so overcrowded that recourse has 
to be had to shelving books in double rows — a most undesirable 
procedure. Moreover, all available space throughout the building 
— including the cellars — has to be used for the storage of books, 
involving in the case of cellar storage possible loss by flooding, 
which cannot adequately be covered by insurance. The other 
Chemical Societies have no accommodation other than office facilities 
and for the most part make use of our meeting-room. There must, 
therefore, be general agreement, apart from reasons of national 
policy, that the need for new quarters is imperative. Indeed, the 
change in the case of the Library cannot be longer delayed, as the 
normal increase represents some 900 volumes yearly. 

A scheme is now about to be launched by which, for a sum 
approximately half that required for new premises under the older 
projects, the Society may be housed in a ec Chemistry House,” 
together with the allied organisations, the Society of Chemical 
Industry, the Institution of Chemical Engineers, and the Institution 
of the Rubber Industry. This scheme is of such vital interest to every 
member of these Societies that I make no apology for outlining it 
to you and discussing its most important practical aspects. 

The Proposed Scheme. 

Two years ago a scheme was started having for its object the 
housing together of the chief Societies and Institutions connected 
with the scientific and technical development of the mining and 
metallurgical industries, namely : — 

The Empire Council of Mining and Metallurgical Institutions ; 
The Institution of Mining and Metallurgy ; 

The Institution of Mining Engineers ; 

The Iron and Steel Institute ; 

The Institution of Petroleum Technologists ; 

The Institute of Metals ; and 
The Institute of Fuel, 

the idea being to house these bodies under one roof in much the 
same manner as had already been accomplished by the Civil and by 
the Mechanical Engineers. In June of last year it was considered 
that the scheme could not be complete and effective without the 
inclusion of the Chemists, and the Councils of the Chemical Society, 
the Society of Chemical Industry, the Institution of Chemical 
Engineers, and of the Institution of the Rubber Industry were 
approached to collaborate. Each Council agreed to join the scheme 
on the understanding — 
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(1) That the money asked for by public subscription was forth- 

coming ; 

(2) That adequate accommodation was provided. 

It was agreed to appoint three members from each Council to serve 
as a Committee, the function of which was to prepare plans and 
formulate a scheme for the provision of a “ Chemistry House.” 

The original plan as contemplated by the Societies representing 
Mining and Metallurgy provided for the occupation of three-fifths 
of a site situated in Victoria Street, Westminster. The site is the 
property of the Ecclesiastical Commissioners, who are prepared in 
principle to grant a long lease at a ground rent which it is within 
the capacity of the constituent Societies to pay. As soon as the 
Chemical group signified their intention of participating in the 
scheme it was agreed that the whole site should be taken up, the 
two-fifths remaining over from the original scheme being assigned 
for the purposes of the Chemical group, and becoming therefore 
the “ Chemistry House ” of our requirements. The approximate 
cost of acquiring the existing lease of the site, which has twenty- 
two years to run, and of erecting a suitable building thereon has 
been estimated, after careful enquiry, at £325,000. This sum, 
however, does not provide for furnishing the new building, so it 
has been agreed to issue an appeal for £350,000. In other words, 
two-fifths of this sum, or £140,000, will have to be provided by the 
Chemical group as its share towards the complete cost. It has 
been arranged that the ground rent shall be paid by each Society 
contributing yearly an amount equal to but not more than it pays 
as rent for its present premises, and as this amount will certainly 
be more than that required to pay the rent, the excess will be 
utilised to defray the cost of upkeep and the expenses of services 
common to all Societies housed within the building. 

Area Available. 

The total ic carpet ” area available in the new buil din g will be 
approximately 8,500 square feet for each floor. One complete floor 
will be occupied by the general Library and the whole of the top floor 
will be utilised as a restaurant and club. There will be a large 
Meeting Hall to hold 500 people in the main portion of the building, 
probably on the ground floor opposite the main entrance. This will 
leave five floors available for the Societies entering into the scheme, 
and in the case of " Chemistry House ” these floors will have two- 
fifths of 8,500 square feet, or 3,400 square feet each. There will be a 
smaller meeting-room — to hold 200 — in the Chemistry wing for the 
use of the Chemical group, although the group will have the use of 
the larger meeting-room when occasion requires. It is evident, 
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therefore, that the space available is more than adequate for the 
needs of the Societies entering into the scheme and provides ample 
room for expansion. In order, however, that the building should 
be occupied from the start, it has been arranged to let such space as 
may be available to “ Tenant ” Societies who would hold leases for 
an agreed period and pay an agreed rent. Thus, in the Chemical 
wing, the Chemical Society and the Society of Chemical Industry 
would each occupy one floor of 3,400 square feet. The Institution 
of Chemical Engineers requires only 1,200 square feet, so on the 
floor occupied by this Institution there would be 2,200 square feet 
available for the Entrance Hall, Ante-Room, and Meeting-Room. 
The Institution of the Rubber Industry has intimated that it requires 
only 1,000 square feet of space, so the remainder of the space on 
its floor, together with one complete floor, or 5,800 square feet in 
all, will be available for “ Tenant ” Societies of the Chemical group. 
These “ Tenant ” Societies will be in every case entities directly 
connected with the industries represented by the constituent bodies. 
They may include the Association of British Chemical Manufacturers, 
the National Federation of Iron and Steel Manufacturers, and the 
Mining Association of Great Britain, and other groups of the same 
category. 

The Library . 

As already mentioned, one complete floor throughout the whole 
building will contain the General Library. This Library will in- 
clude the Libraries already in the possession of the constituent 
Societies, and the 33,000 volumes now in our possession will be 
handed over to form the nucleus of the new Library. In consider- 
ation of this it has been agreed that our Society shall continue, as in 
our present quarters, to be housed rent free. The Library will be 
sectionalised, and each section will remain under the control of the 
sectional Librarian. In effect, therefore, our Lib rary, Libra rian , 
Library staff, and Library Committee will continue to function in the 
new building in the same way as they do now. Moreover, there is no 
reason to anticipate that there would be any falling off in the out- 
side contributions to the upkeep of our Library. The constituent 
Societies would continue as a matter of course to pay their share, an d 
outside bodies would be even more anxious to contribute than they 
now are, owing to the increased facilities provided. 

The Central Library is, indeed, one of the chief features of the 
scheme. It will contain at the beginning some 70,000 volumes 
exclusive of pamphlets, and will probably be augmented by some 
2,000 volumes yearly. The inevitable overlapping between seien** 
tific and technical Libraries in respect of books and periodicals 
dealing with borderland subjects will disappear, or, alternatively, will- 
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provide duplicate copies which can be utilised for the purpose of 
lending. There will be an efficient Bureau of Information by whose 
aid the enquirer will be directed to the source from which the inform- 
ation he requires can be obtained. In fact such a Library will be 
unique in its completeness and accessibility and will be a point of 
attraction not only for business men and students at home, but also 
for those visitors from overseas who desire to keep themselves 
abreast of modern developments in the subjects dealt with. No one 
can foresee what effect such a source of information, and indeed of 
power, housed centrally and easily accessible, may have on the future 
development of Science and Industry. 

The restaurant on the top floor will be the means by which meetings 
under social conditions can be arranged. It is intended that there 
shall be several small dining-rooms in which the existing dining clubs 
of the various Societies can meet, leaving the larger restaurant and 
dining-room for general purposes. The Chemical Industry Club and 
the Oil Industry Club have now under consideration the question of 
joining as “Tenants.” Should they decide to do so, special rooms 
would be provided for them on the top floor. The Clubs would, 
however, retain complete autonomy and would be “private” in 
the sense that only those persons whom they decided to elect as 
members could use their premises. 

General. 

It seems, therefore, that at last we are in a fair way to realise the 
c< Chemistry House ” of our needs at a cost which is about half 
that which would be necessary if Chemists were forced to act alone. 
This achievement has been possible only because the present spirit of 
collaboration and the desire towards uniformity of effort have 
caused the various Societies and Institutions which are parties to 
the scheme to come together to form a solid band. Ten years ago 
it would probably have been impossible to do this, and if the present 
effort fails it may be another fifty years before conditions are again 
favourable. 

The economic advantages of the scheme will be numerous. Many 
details of office organisation can be pooled, service can be shared 
along general lines. Internal printing, such as the printing of 
notices, circulars, and so forth — an expensive item under present 
conditions — can be done in a small printing press on the premises, 
and other economies can be effected in several directions. Let us 
therefore exert all our energies to take advantage of the moment, and 
do everything in our power to further a project which cannot but 
be fraught with good for all of us and for the Nation and Empire 
as a whole ; each of us doing what he can to further the cause by 
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contributing what he is able to contribute, but more especially by 
convincing those who are in a position to help substantially that 
the scheme is vital to the future of organised Science and Industry 
in this country. 

Financial. 

The problem of raising the necessary money causes some anxiety 
in view of the present great depression of industry and the incidence 
of high taxation. In any case, the general appeal cannot be 
launched until after the Budget. We must look to the industries 
concerned to provide the greater proportion of what we require, 
and we hope that they will regard it as being to their advantage to 
do so, and will also look on it as a kind of thank- offering for past 
services and for the manner in which the Scientific and Industrial 
Institutions have provided them with information in the past. 
It is not too much to say that no Chemical Industry would exist 
to-day if there had not been the free interchange of thought and 
information which the Societies have been formed to promote and 
foster. Not that I have found any marked desire on the part of 
those engaged in industry to repudiate this debt ; on the contrary, 
except in one or two instances, I have found, as Chairman of the 
Appeal Committee, not only a desire, but even eagerness to do all 
that was possible. It is rather the air of uncertainty that pervades 
all things industrial at the moment that prevents many definite 
promises being given. Nevertheless, when the general appeal is 
issued it will contain a list of definite promises amounting to 
£130,000, including some munificent personal donations, such as 
£10,000 from Mr. Robert Mond, £1,000 from Mr. Emile Mond, 
£1,000 from Sir Robert Hadfield, £250 from Sir Charles Parsons, 
and £105 from Mr. Horatio Ballantyne. A petition was sent to the 
Chancellor of the Exchequer asking for a Treasury contribution. 
Such a petition involved no new principle, since, by the housing 
of a number of Societies in Burlington House, the Government of 
that day admitted its obligation to Science. Seeing that one of the 
petitioning Societies, our own, would vacate the premises then 
allotted to them, it seemed a simple extension of the principle 
involved to ask for some monetary consideration. A deputation 
waited on the Financial Secretary, being introduced by the President 
of the Royal Society, and several speakers laid the case before him. 
The answer, however, was “ non-possumus,” although sympathy 
was expressed with the object in view. It is possible that another 
appeal made in more favourable circumstances may meet with a 
different answer, but it seems that we must rely for some time to 
come on ourselves, and on those of our friends who sympathise with 
our desire to give effect to the scheme. 
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Domestic Co-operation. 

In my previous address I discussed at some length the advantages 
which were likely to accrue through the formation of larger com- 
bines in industry. I did not do much more than mention at the 
time the benefits which might be expected to attend a similar 
process in Chemical Science, because I felt that the time was not 
then suitable to discuss so difficult a problem. Nevertheless, I did 
call attention to the advantages enjoyed by the American nation 
in having but one Chemical Society which could speak for the whole 
of Chemistry and regulate its publications and conferences. Since 
then the situation has changed considerably owing to the elaboration 
of the scheme described above for housing the Chemical Societies 
under one roof, and I feel that I shall not be guilty of an indiscretion 
if I examine for a moment the manner in which it might be possible 
to give effect to that outward and visible sign of union which is now 
contemplated. It is not my intention to suggest that any such 
system as that found in the United States is now applicable in this 
country, because there is no doubt that the principle of combined 
effort, although admirable and effective in certain directions, 
contains features which are not altogether desirable. Partial 
de-centralisation is often more effective than complete centralisation. 
For example, it would be undesirable and, indeed, impracticable to 
have the same President, Officers, and Council of the Chemical 
Society and the Society of Chemical Industry. It would be a 
practical impossibility to find the men who could give the time 
adequately to fill these offices. I am speaking on my own behalf, 
and I am sure also on behalf of my friend the President of the 
Society of Chemical Industry, when I say that most of our leisure 
moments are occupied by the business of the Society we serve and 
that we should not contemplate with equanimity any suggestion 
that either of us should take over the work of the other in addition 
to his own. Any such step would tend to throw the control of the 
combined Societies into the hands of salaried officials, and many of 
us feel that so long as we can get competent men able and willing 
to give the time to act in honorary capacities it is desirable to do so. 

When the Society of Chemical Industry was formed as a separate 
entity in 1881, it took over certain definite functions which it has 
since performed in accordance with the terms of its constitution. 
The terms Scientific and Technical possessed in those days very 
definite meanings, and they still possess, or have had attached to 
them by custom, meanings which enable a decision to be reached, 
on broad lines, as to the matters falling within either sphere. It is 
possible to say, in clear cases, whether any communication is 
scientific in the sense that it deals with the elaboration of some 
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subject on lines which, for the moment, may be regarded as based 
on purely scientific hypothesis or theory or whether it is technical 
in that it is concerned with the description of some chemical 
operation of acknowledged mechanism carried out on the large scale. 
It is rather in the matter of the discussion of such questions that 
co-operation can, in the first instance, be effected. Formerly there 
was a fairly distinct line of demarcation between the Scientific 
Chemist and the Technical Chemist, but to-day it is doubtful 
whether any Scientific Chemist exists who is not interested on the 
technical side, and the Technical Chemist who is not interested on 
the scientific side is becoming increasingly rare. Indeed, the whole 
trend of modern development is to diminish the difference between 
these two types., and in the not distant future this difference will 
entirely disappear. 

The First Step to Beunion. 

The first step towards co-operation between the two branches 
of our science must be one that will lead to conditions which will 
enable papers to be read and discussion to be held on both technical 
and scientific subjects by all those who have the interests of both 
sections at heart. Such joint meetings must be so arranged that 
persons interested in both aspects may be present and speak. 
Here in London such facilities already exist, but they are not yet 
sufficiently wide in character. I would suggest, therefore, as a 
first step, that meetings of the four constituent bodies forming the 
Chemical wing of the new building, namely the Chemical Society, 
the Society of Chemical Industry, the Institution of Chemical 
Engineers, and the Institution of the Rubber Industry, should be 
open to all members of those Societies and Institutions. Such a 
proposal applies also to those “ Tenant ” Societies who intend to 
use the Chemistry wing. 

In the provinces, where there are not so many meetings, it 
would be necessary to arrange composite programmes, so that not 
only would members of all the constituent Societies be able to 
attend and take part in the discussions, but also the local Com- 
mittees controlling such meetings should themselves be composite 
bodies. The Chairman or President could be chosen from one or 
other section as circumstances permitted, as could also the Secre- 
taries, although for the immediate future a system of joint Secretaries 
might, with advantage, be inaugurated. 

In effect, therefore, the suggestion is that membership of any 
one “ constituent ” or “ Tenant ” Society under the new scheme 
should confer on the member the right to read papers and to attend 
meetings of each Society, whether held in London or as sectional 
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meetings in the provinces, and that the programmes provided at 
the sectional meetings should embrace subjects on both the scientific 
and the technical side. This suggestion must be taken in conjunction 
■with further suggestions which will be made later and in which a 
scheme is outlined for determining the conditions of membership of 
the Societies. 

Publications. 

It may be assumed that one of the chief reasons why a person 
belongs to one or more of the Chemical Societies is to obtain their 
publications. If this is so, it may well be that the cause of the 
annual drop in membership which some Societies are now experi- 
encing may be due to the increased facilities afforded by works’ 
libraries in supplying the requirements of their staffs. Indeed it 
has been said that some firms have notified their employees that 
the need for joining Societies no longer exists, because their own 
libraries contain all the required literature. The large General 
Library, which is the chief feature of the new housing scheme, 
should undoubtedly serve as an attraction and inducement for 
new members to join at least one of the constituent Societies, but 
unless there exists in the future as there has existed in the past a 
general desire among the younger men to join the Societies as a 
matter of principle, it is to be anticipated that a general decline in 
membership will occur. 

The publications of the two chief Chemical Societies are : 

(1) The Journal of the Chemical Society, containing the Trans- 

actions of the Society; 

(2) The Proceedings of the Chemical Society, containing mainly 

matters concerning the business of the Society ; 

(3) The Journal of the Society of Chemical Industry ; 

(4) Chemical Abstracts A (pure) and B (applied) ; 

(5) “ Chemistry and Industry.” 

“ Chemistry and Industry ” contains under one cover the Trans- 
actions of the Society of Chemical Industry and the B Abstracts. 
There are other incidental publications such as the Annual Reports, 
but as the cost of these is, at present, defrayed by sales, they need 
not be considered for the moment. 

The publications of the American Chemical Society are similar in 
character, being the Journal, Chemical Abstracts, Industrial and 
Engineering Chemistry, and its News Edition. There is no official 
British equivalent to <e Industrial and Engineering Chemistry,” but 
there is a periodical very similar to it in general appearance called 
“ The Industrial Chemist,” which is published by a London firm. 
In my opinion steps should be taken to ascertain whether it might 
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not be practicable to rearrange the publications of the two Societies 
in the following way : 

(1) Chemical Transactions. To contain the Transactions of the 

Chemical Society and the Transactions of the Society of 
Chemical Industry in those cases where no elaborate 
illustration of plant or apparatus is required (published 
monthly). 

(2) Abstracts A and B published together. 

(3) A publication on the lines of “ Industrial and Engineering 

Chemistry 99 to contain the Transactions of the Chemical 
Society and of the Society of Chemical Industry in those 
cases where elaborate illustration of plant or apparatus is 
required (published monthly). 

(4) “ Chemistry and Industry 99 — the news edition — (published 

weekly containing the Proceedings of the Societies). 

Publications 2, 3, and 4 should yield considerable revenues from 
advertisements — especially (3), and it is possible also that this 
publication might be regarded by the Institution of Chemical 
Engineers as a means of* issuing its more elaborate papers. 

It is not my intention to suggest ways and means by which the 
above result can best be accomplished. Such a problem will have 
to be most carefully investigated by a Joint Committee of both 
Societies, but it cannot be denied that there is a certain degree of 
unnecessary duplication between chemical publications as a whole, 
and that if this duplication could be removed and the various 
publications consolidated an increased circulation would be attained, 
especially among the outside public, with a consequent increase in 
the number and quality of the advertisements. The object to be 
achieved is the unification of our chemical publications by bringing 
together under an Editorial Board the publications of two and 
possibly more constituent Societies, and to include with these such 
outside publications as circumstances may permit. 

Finance . 

It is assumed that the publications mentioned above could be 
carried into effect for the same or a less sum than that now neces- 
sary to produce the existing publications of the two Societies. Now, 
the total membership of the Chemical Society and the Society of 
Chemical Industry, allowing for those members who belong to both, 
is of the order of 8,000,* and the main question that arises is this, 
Is it possible that a reduction in the present rates of subscription 
to- the two Societies could economically be effected in the case of 
joint membership of both Societies ? For example, would it be 
financially possible to allow all joint members the right to receive 

* In this and similar cases I have purposely kept to round numbers* 
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the publications suggested above on payment, say, of a subscription 
of £3 10s. instead of the £5 10s. which they would pay under present 
conditions?* The obvious answer to this question: is that any 
such scheme would have to be retrospective and include those 
members who already belong to both Societies — some 1,000 in all — 
leading to a considerable loss of revenue. This, however, need not 
act as a deterrent to the introduction of the new system, because 
the 3,000 members of the Chemical Society who are not now members 
of the Society of Chemical Industry and the 4,000 members of the 
Society of Chemical Industry who are not now members of the 
Chemical Society would have the option of paying the composite 
fee and receiving the full benefits provided, but those who do not 
take advantage of this option would have to give extra payment 
for such publications as they may require over and above those to 
which their individual subscriptions entitle them. . 

The chief hardship would undoubtedly rest with those who are 
already members of both Societies, because, as stated previously, the 
Societies could not face the financial loss entailed by those members 
paying a composite fee which would be considerably less than they 
now. pay to both Societies. A change such as that contemplated 
must be gradual, and no action must be taken that will lead to a 
sudden drop in the annual income of either Society. 

For the time being, therefore, the members who already belong 
to both Societies would have to continue to bear the cost of the full 
subscription to each Society, and the reduced or joint contribution 
could only be made operative in the case of new members. 

The essence of the proposed scheme is that new members must be 
required to join both Societies . It is true that the present joint 
members might easily resign and re-join under the new scheme, but 
this would have to be prevented by Regulation. The joint contribu- 
tion of £3 10s. which I have suggested is purely tentative : the right 
figure can only be determined by the Joint Co m mittee of the two 
Societies with actuarial help. I have merely suggested it to form 
the basis of investigation, but I do not think it is far wrong. 

For many years to come there would, therefore, be the following 
classes of members : 

, (l)-New members who must join both Societies at a composite 
fee of, say, £3 10s. annually. 

: (2) Old members of the two Societies who would continue to pay 
(ex gratia) , their present contributions to both Societies. 

(3) 01d members of each Society who would continue to pay their 
present contributions ■ as members of each Society gnd 
. remain such unless , they signified their desk 

’ * It la suggested that all entrance fees should be abolished. 
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joint members, when they would pay the composite con- 
tribution of £3 10s. 

Those who decided still to remain members of each Society would 
continue to pay the subscription required by each Society, but such 
members would receive, free of charge, only those publications 
which each Society regarded as adequate. 

If, therefore, this scheme is workable actuarily and is agreed to by 
the Societies concerned, it means that after the lapse of, say, thirty 
years, membership would be confined to Class 1 only, and the two 
Societies, while having their own President, Officers, and Council, 
and thus retaining complete autonomy as regards organisation and 
finance,, would have a common membership and joint publications. 
The scheme must be examined carefully by an actuary, but it is 
thought that the loss of revenue, due to the composite subscription, 
would be more than compensated for by the increase of member- 
ship due both to new members joining and to those old members of 
Class 3 who elect to become joint-members. Personally, I feel some 
sympathy with the members of Class 2, being one of them myself, 
but I feel sure that most of them will realise that the action suggested 
is necessary in the interests of co-operation. 

Let us therefore devote our energies in the immediate future 
firstly towards making the scheme for a central House an accom- 
plished fact not only by giving help ourselves, but also by inducing 
others to help. It must be remembered that the membership of 
the constituent bodies combined in the scheme amounts to over 
20,000, and that if each of these members acts in the manner sug- 
gested above a substantial sum towards the cost of the scheme will 
be forthcoming. Secondly, let each member of our two Societies 
do what he can to further the scheme of amalgamation, based on 
some such plan as I have outlined in this address. Difficulties 
there are sure to be, but most difficulties of detail can be, settled 
when the broad outlines of the scheme are established. 

There is undoubtedly a strong feeling among members -of both 
Societies that the time has now come to close, in some measure, the 
break made in 1881. If that feeling is real and if strong opposi- 
tion is lacking from either side we shall achieve the object in 
view and bring about a union which circumstances now favour and 
which, in the opinion of many of us, is in accordance with the best 
interests of the two Societies and of Chemistry generally. If no 
union can be effected at the present juncture it will be due to 
opposition from within, and those opposing must remember that 
the same set of conditions is not likely to recur for many years to 
come and that failure under the very favourable circumstances of 
the moment will probably mean complete failure hereafter. 
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We have, in effect, the opportunities of forming a Chemical 
Society divided into two administrative sections, each section 
autonomous as regards internal administration and finance but 
with unified publications and a membership gradually becoming 
common to both. The Councils of the two sections would continue, 
as hitherto, to deal with routine administration, leaving the work 
of the section to be carried out, as at present, by Committees of 
Council. Financial matters would have to be arranged cc pro rata ” 
by a Joint Financial Board, but each section would have its own 
Finance Committee for the purpose of financial administration 
within its own domain. 

The Publication Committees of each section would continue to 
function as now and would determine which of the communications 
submitted to them should be published and in which publication. 
There would have to be a joint Editorial Board composed of members 
of both Councils, whose duty it would be to direct the publications 
issued jointly. 

The Bureau of Chemical Abstracts, which under the proposed 
scheme will deal with the unified abstracts and the joint indexes, 
would continue to act as it does at present and would retain its 
present constitution. The Library Committee would also retain its 
present form and carry out its work in the same manner. 

Regarding the two other constituent Societies, the Institution of 
Chemical Engineers and the Institution of the Rubber Industry, 
the former has already expressed its wish to be associated with 
British Chemical Abstracts, and it may be possible that the variety 
and scope of the other publications for which provision is made 
under the scheme will appeal to this body as a suitable means for 
publishing its scientific and technical communications. If this 
should happily be the case, the Institution would have to be repre- 
sented on the joint Editorial Board and on the joint Finance Board. 
Unfortunately, it is not possible in this ease to arrive at a common 
membership, since the Institution is, in pait, a professional body, the 
membership of which carries a, qualification. So far as the Institu- 
tion of the Rubber Industry is concerned steps must be taken to 
ascertain in how far and in what manner it is prepared to be associated 
with the scheme. 

It will probably require twelve months’ work on the part of a 
joint Committee to elaborate all necessary details and explore every 
avenue leading in the desired direction, but let us be ready, when 
the fiftieth anniversary of the foundation of the Society of Chemical 
Industry occurs next year, to put forward a well-conceived and 
agreed plan of amalgamation which can be put into operation at 
once. 
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The Dyestuffs Ad. 

In my address last year I mentioned the Dyestuffs (Import Regul- 
ation) Act as illustrating one of the ways in which Government 
could co-operate in order to protect “ young and struggling industries 
against competition from similar but established industries abroad/ 5 
This Act was passed in December 1920 and came into force on 
January 15th, 1921. It prohibited, for a period of ten years, the 
importation into the United Kingdom of all synthetic dyestuffs and 
all intermediate products used in their manufacture, but permitted 
certain materials not available in this country to be introduced by 
licence. 

The Act, which has been of very great value in assisting the 
establishment of a Dyestuffs industry in this country, comes to an 
end, therefore, at the close of this year, unless it should be extended 
for a further period. 

There is perhaps a tendency in certain quarters to-day to consider 
the Dyestuffs industry only from the point of view of the supply of 
dyestuffs to the colour users. There is, however, another very 
important aspect to which we as members of the Chemical Profession 
must give full consideration. I refer to the fact that a successful 
and well-established Dyestuffs industry establishes in the country 
having such an industry a certainty of development in the field 
of organic chemistry. Firms are enabled to create large research 
organisations employing many of the most capable chemists in the 
country, and from these organisations there arise all kinds of 
organic developments, not alone in dyestuffs, but in very many 
other branches of industry. 

Such Research Organisations are recruited from the Research 
Schools in our Universities and University Institutions, leading not 
only to the employment of many research chemists trained therein, 
but also to their own development. 

The history of the great German dye firms in the past has shown 
this clearly, since most of the successful lines into which these firms 
have ventured have arisen from research work carried on originally 
for the Dyestuffs industry. It appears important, therefore, that a 
broad view should be taken of the establishment of a Dyestuffs 
industry, and that full weight should be given to the importance to 
the nation of the development of Organic Chemistry. 

During the Great War the importance of this was clearly seen, for 
not only did the great German Dyestuffs firms assist from the military 
point of view — they also operated very extensively in regard to many 
organic developments which were of an entirely civil character. 
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FREDERICK WILLIAM DOOTSON. 

Born August 10th, 1863; Died December 12th, 1929. 

By the untimely death of F. W. Dootson at the comparatively 
early age of 66 years, the University of Cambridge lost an able 
and devoted teacher and his friends in the Chemical Laboratory a 
congenial and gifted colleague. 

There is little of general interest to record about Dootson’s earlier 
years, but his connexion with Cambridge dates from 1891, when he 
entered Fitzwilliam Hall as an undergraduate. Shortly after 
graduating in the Natural Sciences Tripos, he attached himself to 
Trinity Hall, and for many years devoted himself to the interests 
of the students as a private tutor. From the time of taking his 
first degree up to the date of his death he was identified with the 
University Chemical Laboratory, where his success as a teacher, 
first as Demonstrator and later as University lecturer, will long be 
gratefully remembered. 

Shortly after graduating, Dootson became interested in the 
chemistry of citrazinic acid, a subject on which his teacher, the 
late W. J. Sell, had published several memoirs. A paper published 
by Sell and Dootson on the action of phosphorus pentachloride on 
citrazinic acid in 1897 led to a systematic study of the chlorine 
derivatives of pyridine. The results of these investigations were 
published at frequent intervals in the Journal between 1898 and 
1903. Dootson also published a paper on the 4 c Halogen Deriv- 
atives of Acetonedicarboxylic Acid ” (J., 1899, 75, 169), and in 
another paper, entitled 44 Condensation of Methyl Acetonedicarb- 
oxylate. Constitution of Orcinoltricarboxylic Esters ” (J., 1900, 
77, 1196), he demonstrated a very simple method for transforming 
an aliphatic into a benzenoid compound. 

After 1903, Dootson’s administrative duties in the laboratory 
increased considerably and he was of necessity drawn away from 
research. During the period of the War, however, he was actively 
occupied with experimental preparative work on various substances 
of national importance. His last memoir, entitled 44 A Note on 
Thermal Diffusion ” {Phil. Mag., 1917, 33, 248), was published 
jointly with Dr. S. Chapman. 

To past and present generations of Cambridge students, however, 
the most enduring memory of Dootson will be that of an attractive 
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and successful teacher of the more elementary branches of chemistry. 
His admirable capacity for organisation made him a valuable help 
to his Professor and a very kindly friend to other members of the 
Departmental Staff. Dootson was a man of many interests : not 
only was he essentially a “ well-read man/’ but he developed his 
appreciation of art in a more practical way as a very successful 
amateur oil painter. 

He died, as he would have wished, in harness, after a very short 
illness. Among the many tributes to his memory, the writer 
ventures to quote from a letter written by an eminent Member of 
the Faculty of Medicine to Mrs. Dootson. “ . . . I should like to 
add my appreciation of Dr. Dootson’s work as a teacher. He was 
a friend to every student, and every student valued his kindly and 
unsparing help.” 

A. J. Berry. 

HENRY JOHN HORSTMAN FENTON. 

Born 1854; Died January 13th, 1929. 

Henry John Horstman Fenton was born at Ealing in 1854. He 
received his earlier education at Magdalen College School, Oxford, 
and afterwards went to King’s College, London, where he studied 
chemistry under Bloxam. During the time that Fenton was at 
King’s College the Clothworkers’ Company instituted an exhibition 
in physical science tenable for three years by a non-collegiate 
student at Cambridge. Fenton applied successfully for this exhibi- 
tion and, in accordance with its conditions, entered the University 
of Cambridge in the Lent Term, 1875. In his first year at Cam- 
bridge he gained an entrance scholarship at Christ’s College, where 
he was admitted in May 1876. He was then 22 and thus older than 
the majority of undergraduates. His chemical knowledge and 
experience were also greatly in advance of those of men of the 
same university standing, and while still an undergraduate he was 
made an assistant demonstrator by Professor Liveing. He had a 
very independent spirit, and it was therefore perhaps not unnatural 
that he chafed at the discipline then imposed on members of the 
University in statu pupillari and not infrequently came into conflict 
with University and College authorities. In fact to the end he 
cherished a certain antagonistic attitude towards university 
authority. He took the Natural Sciences Tripos in 1877 — it was 
at that time not divided into two parts — and was placed in the 
First Class along with, amongst others, Adam Sedgwick, the 
zoologist, F. 0. Bowen, afterwards Professor of Botany at Glasgow, 
and Alex. Hill, sometime Master of Downing. 

HH 
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On the resignation of the then University Demonstrator of 
Chemistry, John Wale Hicks, of Sidney Sussex, afterwards Bishop 
of Bloemfontein, W. J. Sell was appointed to succeed him and 
an ee Additional Demonstratorship of Chemistry ” was instituted 
by the University and the post was assigned to Fenton. 

The University Department of Chemistry was then accommo- 
dated in a building since removed, which stood on the southern 
part of the east side of the Old Botanic Garden site and afterwards 
served as part of the Pathological Laboratory. 

Several of the Colleges had their own chemical laboratories and 
these were run in competition with the University laboratory. 
This competition continued for many years after the erection in 
1887 of the new University Chemical Laboratory facing Pembroke 
Street, though in an ever-lessening degree as the college laboratories 
one by one were given up. The greater part of the teaching in the 
University Laboratory was carried on by Sell and Fenton and in 
spite of their different temperaments the two men worked together 
in harmony until their association was terminated by the death of 
Sell in 1915. 

Fenton’s lectures were for many years an outstanding feature 
in the instruction given in the University Laboratory. He took 
immense pains in their preparation and although in lecturing he 
affected an air of indifference and a somewhat indolent manner, 
actually he delivered them with very great care, and he was extra- 
ordinarily successful in stimulating the interest of the abler men. 
He scrupulously avoided dogmatism. He endeavoured, so far as 
possible, to present each subject as a debatable question on which 
there were diverse views to be discussed, to balance the evidence 
for and against every inference, and to induce his hearers to use 
their own judgment and draw their own conclusions. The value 
of his lectures was greatly enhanced by the informal discussions 
which he encouraged : at the close of every lecture a number of 
eager young men would come down to the lecture table and engage 
with him in discussion, often prolonged, of the subjects in which 
he had aroused their interest. Those who brought their difficulties 
to him found him unexpectedly sympathetic, and he w T ould deal 
exceedingly gently with one who asked a thoughtless or an ill- 
considered question. 

The course of experimental work in general and physical chemistry 
which he devised to illustrate his lectures was very carefully thought 
out, and during the ’eighties, and even later, the type of laboratory 
work being done by his class was probably unique. Although his 
chief interest always seemed to be in general and physical chemistry, 
the greater part of his original work was carried out in organic 
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chemistry. His earlier work consisted of a series of investigations 
on the action of hypochlorites on urea and related compounds. A 
pupil of his (Mr. Street), wishing to estimate urea, happened to 
use, instead of sodium hypobromite, a strongly alkaline solution of 
sodium hypochlorite and found that only half the expected quantity 
of nitrogen was evolved. Benton followed up this observation and 
discovered that the missing half of the nitrogen was present in 
the solution as sodium cyanate. He gave an explanation of 
the phenomenon a few years later. At the same meeting of the 
Chemical Society (June 20th, 1895) at which Walker and Hambly 
communicated their well-known experiments on the transformation 
of ammonium cyanate into urea Fenton read a paper giving an 
account of experiments he had been making on the same subject, 
using the action of sodium hypobromite to measure the rate of 
change. Finding that the transformation of the ammonium cyanate 
was never complete, he inferred that ammonium cyanate and urea 
were in tautomeric equilibrium and concluded that, whilst the more 
reactive hypobromite attacked both the urea and the ammonium 
cyanate (liberating all the nitrogen from the former and that 
present as ammonium from the latter), the hypochlorite attacked 
the ammonium cyanate only and thereby disturbed the equilibrium 
of the system so that the whole of the urea was finally converted 
into nitrogen and sodium cyanate. In other papers he showed 
that hypochlorites and hypobromites liberated different amounts 
of nitrogen from several nitrogenous compounds and in this manner 
he proved that ammonium carbonate in presence of water was in 
equilibrium with a small proportion of ammonium carbamate : 

NH/ + C0 3 " ^ NH 2 -C0 2 ' + H 2 0. 

What is probably to be regarded as his most important work is 
that connected with the discovery and investigation of dihydroxy- 
maleic acid. It extended over many years, for the initial observation 
from, which it grew was made during his first year as an under- 
graduate at Cambridge. The story current in the laboratory in 
later years was that a fellow student, amusing himself by mixing 
reagents at random, chanced to obtain a violet coloration, which he 
showed to Fenton. Fenton was keenly interested in the observ- 
ation, and he found out the essential reagents which were concerned 
in the production of the colour, namely, tartaric acid, a ferrous salt, 
hydrogen peroxide, and excess of caustic alkali. He reported the 
discovery in a letter to the Chemical News, entitled “ On a New 
Reaction of Tartaric Acid 3} and dated Christ’s College, Cambridge, 
April 25th, 1876. He was at first disposed to regard the colour as 
being due to the production of a ferrate, but a few years later (in 
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1881) he published a second letter in the Chemical News in which 
he showed that the colour arose from an iron derivative of an 
oxidation product of tartaric acid, since the colourless solution 
obtained after removal of the iron gave the colour again on the 
addition of a ferrous or ferric salt. 

After several years he took up the problem again, and in 1894 
he discovered how the new oxidation product could be isolated — 
it could be salted out from the reaction mixture by the addition 
of fuming sulphuric acid — and in a series of papers extending over 
the years 1894 to 1902 he described its reactions and relationships. 
It had the formula C 4 H 4 0 6 ; its formation from tartaric acid thus 
involved only the loss of two atomic proportions of hydrogen. It 
was a dibasic dihydroxy- acid ; it showed no ketonic reactions ; it 
could be' reduced to racemic acid and oxidised to dihydroxytartaric 
acid. It was therefore either dihydroxyfumaric acid or dihydroxy- 
maleic acid. It readily gave a diacetyl cyclic anhydride with acetyl 
chloride and was transformed into an isomeric acid by hydrobromic 
acid. Fenton therefore regarded it as dihydroxymaleic acid : 

H0-p*C0 2 H 

ho-c-co 2 h 

Its production from d-tartaric acid thus involves the elimin- 
ation of the two hydrogen atoms lost, and its reduction to racemic 
acid the tfnms-addition of hydrogen. 

The most interesting reaction of the new acid was perhaps that 
brought about by heating with water. Two molecules of carbon 
dioxide were eliminated and glycollaldehyde was formed : 

H0*£-C0 2 H HO*9H 2 

hooco 2 h: o:oh 

On re-examining this reaction with H. Jackson, he obtained the 
resulting glycollaldehyde in a bimolecular crystalline form. It had 
a sweet taste (it could be regarded as the simplest sugar) and 
Fenton showed subsequently that it could be degraded by WohTs 
method to formaldehyde. With Rylfel, he showed that dihydroxy- 
maleic acid could be oxidised to mesoxalic semialdehyde, a com- 
pound of considerable interest on account of its close relationship 
to the hypothetical trihydroxyacrylic acid of which uric acid is the 
diureide. 

h!o*c|co 2 !h OCH 

! p-- — 5 - I 

HjO-C CO a H OOC0 2 H 

Nevertheless attempts to synthesise uric acid by condensing this 
compound with urea yielded only glycouril and carbon dioxide. 
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[Further investigations showed that the new reagent — hydrogen 
peroxide in conjunction with ferrous salts — which acted on tartaric 
acid in so characteristic a manner, constituted a specific and valuable 
oxidant for certain classes of compounds. With H. Jackson, 
Fenton showed that di- or poly-hydroxy-alcohols with vicinal 
hydroxy-groups were smoothly and rapidly oxidised to hydroxy - 
aldehydes; for instance, glycol gave glycollaldehyde, glycerol 
glyceraldehyde, erythritol erythrose, and mannitol mannose. 
Monohydrie alcohols, however, were not attacked. With H. O. 
Jones, he examined the effect of the new reagent on acids. a-Hydr- 
oxy-acids were oxidised rapidly and with evident heat -evolution 
to the corresponding keto-acids; acids of other classes were un- 
affected. Thus glycollic acid was shown to be oxidised to glyoxylic 
acid, lactic acid to pyruvic acid, tartronic acid to mesoxalic acid, 
and glyceric acid to hydroxypyruvic acid, whilst from malic acid 
there was formed the previously unknown, free oxalacetic acid. 
Fenton and Jones examined the reactions of this acid in some 
detail and among other observations found that its phenylhydrazone, 
heated with water, decomposed in tw r o ways, either losing carbon 
dioxide to give pyruvic acid phenylhydrazone, or undergoing 
dehydration to a pyrazolone derivative. The relative proportion 
of these products depended on the hydrogen-ion concentration of 
the solution, and on this fact an approximate method of comparing 
the strengths of acids could be based. 

The observation that dihydroxymaleic acid was converted into 
its diethyl , ester by the action of an ethereal solution of hydrogen 
bromide led him to examine the action of this mixture on compounds 
of other classes. With Miss M. M. Gostling, he found that various 
carbohydrates, in particular fructose, gave a purple colour when 
dissolved in ether and treated with hydrogen bromide, and this 
proved to be due to an oxonium salt of a yellow crystalline com- 
pound which could be thus obtained in considerable quantity and 
was shown to be co -bromomethylf urf uraldehyde. 

Among other observations of interest which he made may be 
mentioned the reduction of carbonic acid by magnesium to form- 
aldehyde and the formation of a crystalline explosive compound of 
formaldehyde and hydrogen peroxide of the composition C 2 H 6 0 4 
and the probable constitution HQ*CH 2 *0*0*CH 2 *QH. 

Fenton was gifted with keen powers of observation and acute- 
ness of interpretation and the whole of his experimental work is 
marked by its elegance. 

Of his books, those best known are his “Notes on Qualitative 
Analysis,” which was based originally on a small book published by 
Liveing, but was greatly expanded in successive editions, and his 
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“ Outlines of Chemistry.” He was elected into the Royal Society 
in 1899, and served on the Council of that body from 1913 until 
1916. He was made an honorary fellow of his College in 1911. 

He was naturally a shy man and was exceedingly sensitive to 
chaff or criticism ; he endeavoured to conceal his shyness by assum- 
ing a certain hauteur which tended to repel some of those w r ho 
would have sought his friendship. He had a very strong sense of 
fairness, but his pertinacity in defending views in which he was in a 
minority of one sometimes made him a difficult member of University 
bodies. He married in 1892, Edith, daughter of George Eerguson 
of Richmond. He left no children. He gave up his lectureship in 
1924 and went to live at Hove, but the last years of his life were 
greatly clouded by illness. He died in a nursing home in London 
on January 13, 1929, at the age of 74. 

W.H.M. 


HENRY WILSON HAKE. 

Born December 17th, 1851; Died January 18th, 1930. 

H. Wilson Hake, who died in January aged 78, was the last 
surviving son of Dr. Thomas Gordon Hake, author of “Madeline,” 
“ Parables and Tales,” and other poetic works. 

He was educated privately up to 1872 and then went to the 
University of Giessen, where he took his Ph.D. (1875), and subse- 
quently to Bonn for a short post-graduate course, studying under 
Professors WiU and Kekule. He formed a close friendship with the 
younger Will. After travelling for some time with his father in 
Italy, he returned to England and became an assistant to Thudi- 
chum, with whom the writer had for some two years previous been 
associated in researches chiefly concerning the chemistry of brain- 
matter. 

For some years we were intimately acquainted and during that 
time we communicated a joint note to the Chemical Society on 
“ Some New Reactions in Organic Chemistry,” which was published 
with a supplemental note in the Plwrmaceutical Journal of May 
12th, 1877. We also contributed to the Quarterly Journal of Science 
(January, 1877) a joint critical essay on “ Physiology and its 
Chemistry at Home and Abroad.” 

Hake became acquainted with my old friend Thomas Fairies 
and upon leaving Thudiehum he took charge of the laboratory 
of his firm (Messrs. Burgoyne, Burbidge, Cyriax, and Farries) 
for about one year : he was then appointed Lecturer on 
Chemistry at Queenswood College, Stockbridge, Hants (1879 — 
1885). In 1885 he became Assistant Lecturer on Chemistry at 
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Westminster Hospital Medical School and assisted Dr. A. Dupre 
in his analytical and consulting practice ; he also collaborated with 
him in the production of a “ Manual of Inorganic Chemistry, 55 
published in 1886. In 1897 he succeeded Dupre as Lecturer on 
Chemistry and Toxicology and although the Chemistry Department 
was discontinued in about 1907 he continued to coach students for 
the D.P.H. degree and lectured on Toxicology up to June, 1929 — 
some six months prior to his decease. 

Hake was an examiner in Chemistry for the Civil Service Com- 
mission from 1894 — about 1918, and for the Royal College of 
Physicians from 1898 — 1902 : during the period 1901 — about 1917 
he was Lecturer on Toxicology at the London (Royal Free) Hospital 
School of Medicine for Women and from about 1922 — 1926 he served 
as Examiner on Public Health to the Conjoint Board of Physicians 
and Surgeons. He also served for many years as Gas Examiner 
to the Wandsworth Borough Council. In addition to his other 
activities he specialised in the analyses of mineral and ordinary 
waters and did a good deal of consulting work on poisons, drugs, 
medicines, etc. Among his publications may be mentioned a joint 
paper with Thudichum on tf *' The Estimation of Hydrogen occluded 
by Copper, with Special Reference to Organic Analysis 55 (J., 1876) 
a joint paper with A. Dupre on “The Estimation of Organic Carbon 
in Air 55 (J., 1881); “A Preliminary Note on the Absorption of 
Moisture by Deliquescent Salts 55 (P., 1896); a note on ct Further 
Experiments on the Absorption of Moisture by Deliquescent Sub- 
stances 55 (P., 1897) ; an article entitled t£ Chemistry and Medicine 55 
( Westminster Hospital Reports , Vol. 3, 1887); a further paper on 
the same subject (ibid. , Vol. 5); a joint paper with Dr. William 
Murrell on “ Green, Blue, Magenta, and other coloured Urines 55 
(Edinburgh Med. J., 1906) ; a joint paper with Dr. S. Monckton 
Copeman entitled <e A Study of the Variations in the Secretion of 
Hydrochloric Acid in the Gastric Contents of Mice and Rats as com- 
pared with the Human Subject, in Cancer 55 (. Proc . Roij. Soc>, 1908, 
B , Vol. 80) ; “ Report on Ferro-Silicon with Special Reference to 
the Poisonous Gases evolved 55 (extracted from supplement to the 
38th Annual Report, Local Government Board, 1908 — 1909; Cd. 
4958); joint Report with Dr. S. Monckton Copeman and S. R. 
Bennett, M.A., on the “ Nature, Uses, and Manufacture of Ferro- 
chrome and other Ferro-Alloys 55 (Reports, Local Government 
Board, New Series, No. 93, 1911) ; ee The Action of Chlorine on the 
Blood 55 (Lancet, July 10th, 1915); and ce Some Problems in Toxi- 
cology 55 (Post-graduate Lecture at the Westminster Hospital, 
1924). 

Hake became a Fellow of the Chemical Society in 1876, and a 
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Fellow of the Institute of Chemistry in 1878 and served on the 
Council (1901 — 1904). As will be obvious from what has been 
written above, he was specially interested in Toxicology and almost 
up to the time of his death he was occupied in the preparation of 
notes with a view to the publication of a text-book on that subject. 

In 1890 Hake married Mss Mabel Mann (youngest daughter of 
Bichard Mann of Bromley, Kent), who died in 1924, leaving as issue 
one son (the present Director of the National Portrait Gallery) 
and two daughters. Hake took the greatest possible interest in the 
education of his children. He was a good lecturer and teacher 
and had a great love of nature. Highly cultivated, of charming 
manners and retiring disposition, he was a lovable man and it is a 
matter of great regret to me as an old friend that I was able to see 
so little of him since our early intimate association. 

Charles T, Kestgzett. 


WILLIAM WALKER JAMES NICOL. 

Born June 27th, 1855; Died March 19th, 1929. 

William Walker James Nicol, the only son of William Walker 
Nicol and Marianne Ballantyne Nicol, both belonging to old Border 
families, and the nephew of James Nicol, Professor of Natural 
History, who elucidated the nature of the rock formation of the 
North-west Highlands, was bom in Edinburgh in 1855. He was 
educated first in England, and later at the Edinburgh Academy, 
where he was a contemporary of the late Lord Haldane ; in 1872 he 
proceeded to the Edinburgh University, where he took the M.A. 
degree. Attracted by chemistry, he turned his special studies in 
this direction in Professor Crum Brown’s laboratory, and gained the 
medal of the year and the Hope Prize Scholarship, taking also the 
B.Sc. and finally the D.Sc. degree. After working at Berlin Univer- 
sity under Professor A. W. Hofmann, he returned for a short time 
to Edinburgh University as demonstrator, and in 1876 was appointed 
lecturer at the newly founded University College, Bristol, now the 
University of Bristol. In 1880, Mason College, Birmingham, now 
the University of Birmingham, was founded, and in 1881, with 
William Augustus Tilden as professor, Nicol joined the staff as 
lecturer in chemistry : he retained this post until his retirement in- 
1894, following on Tilden’s removal to the Royal College of Science, 
South Kensington. 

During this period of 18 years Nicol proved himself a very success- 
ful lecturer and teacher. As a lecturer he was clear and logical and 
his lectures were appreciated, not only by his students, but by 
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wider and more popular audiences to whom he gave numerous 
lectures in the West of England and the Midlands, partly as 
University Extension Lectures and partly under the Gilchrist 
Trustees. As a teacher in the laboratory, he was indefatigable in 
his individual attention to his students, being at all times both able 
and willing to help them in their difficulties. 

At this period, especially in newly founded Chemical Depart- 
ments, the time of the members of the staff taken up in lecturing 
and in the daily work of the laboratory was frequently so great 
as to leave but little for research, and the equipment and apparatus 
available were often very limited. Nicol, however, always devoted 
as much time as could be spared from other duties to research work : 
he was greatly helped in this respect by the possession of an excep- 
tionally good mechanical aptitude and an unusually skilful mani- 
pulative capacity, which enabled him to construct his own apparatus, 
whether of wood, metal, or glass, thus minimising the difficulties 
which many would have experienced owing to lack of equipment. 
At the outset, while in Berlin and later in Edinburgh, he carried out 
short investigations in organic chemistry, but the bent of his mind 
was much more towards inorganic and physical chemistry, and it 
was especially in this direction that he turned during his stay in 
Birmingham. 

The particular problem which attracted Nicol was that of “ solu- 
tion,” and from 1882 to 1894 he carried out a long series of 
investigations on the physical constants of salt solutions, and 
especially of their molecular volumes, these being ascertained with 
the high degree of accuracy characteristic of his work. In the 
controversies of the period, which just preceded the rapid develop 
ment of physical chemistry in the ’nineties, he took a considerable 
part as an opponent of the <c hydrate ” theory of solution : he also 
acted as Secretary of the British Association Committee on Solution. 
He was a very expert photographer, and worked out the “ Kalli- 
type ” printing process, in which silver nitrate and ferric salts were 
employed. 

After his retirement from active teaching work in 1894, although 
he continued his chemical investigations for a time, Nicol’s interests 
tended more and more to the fulfilment of the mechanical bent of 
his versatile inventive mind. One outlet of this, joined with his 
love of natural scenery and of the open air, was found in caravan- 
ning in the wildest parts of the Scottish Highlands, and along the 
narrowest and most difficult of roads in various types of caravan, 
first with a horse and later with the motor as tractor, the caravans, 
full of ingenious contrivances, being built and fitted entirely by 
himself. 
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Externally rather quiet and reserved, Nicol felt no great inclin- 
ation for large meetings or social functions, but those who were 
regularly brought into contact with him soon learned how thin 
was this external layer, and beneath it soon recognised his high- 
minded sense of honour, his innate courtesy, and his intellectual 
capacity, and that these were combined with a great personal 
hospitality and a strong sense of dry humour. To those intimate 
with him he was to the end, even when opportunities of meeting 
became rare, a friend who continued always the same. 

During most of his life Nicol enjoyed very robust health, and it 
was a legitimate source of pride to him that throughout the whole 
time he spent in Birmingham he was never for a single day absent 
from his work through illness. During the last year or so, however, 
his health failed, and he died in his 74th year on March 19th, 1929. 
He leaves a widow and one daughter, Dr. E. A. Traquair Nicol, 
who, after taking the B.A. degree at Cambridge and the Ph.D. at 
Edinburgh, is now carrying out zoological research in* the laboratory 
of the latter University. 

H. G. C. 


SAMUEL RIDEAL. 

Born, 1863; Died November 13th, 1929. 

Dr. Samuel Rideal, who died on November 13th last at the age of 
sixty-six, had been a Fellow of the Society since 1882, and for the 
greater part of his life was a familiar figure at its meetings and at 
those of kindred societies. 

Rideal was born in 1863, being the son of Mr. John Rideal of 
Sydenham, and was educated at Dulwich College and at the Royal 
School of Mines, whence he migrated to University College, 
London ; there he completed his degree course and acted for several 
years as an assistant teacher, first under Professor Williamson and 
later under Sir William Ramsay. He took Chemical Honours in his 
B.Sc. Degree and only two years later was awarded the Doctorate 
at the very early age of twenty -three — a considerable achievement 
in the days when the D.Sc. was awarded, not, as later, for original 
work, but as the result of an examination of almost encyclopaedic 
range demanding, not only a severe course of intense reading, but 
also the possession oi an exceptionally retentive memory. His 
investigational work in chemistry, which was varied and continuous 
and gave him a wide reputation, came later. 

In 1886, however, he contributed to the Transactions of our 
Society by a paper on the ee Action of Ammonia on Chromyl Di- 
chloride 55 (J., 1886, 49, 367), and in 1889 a paper on the “ Action 
of A mm onia on Tungsten Compounds ” (J., 1889, 55, 41). But he 
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had already contributed some original observations on analytical 
methods to the Chemical News and a paper on 44 Isodimorphism 55 
(in relation to the specific volumes of arsenic and antimony trioxides 
in their octahedral and prismatic forms) to the Berichte of the 
German Chemical Society (1886, 19, 589). 

In 1889, after having received the honour of election as a Fellow 
of his College, Rideal was appointed Lecturer on Chemistry in the 
Medical School of St. George’s Hospital; and soon after, on his 
appointment as Public Analyst for Chelsea, he established himself 
as a chemical consultant at Westminster. 

A communication from him to the German Chemical Society on 
44 Organic Boron Compounds,” dealing with the action of boron 
halides on ammonia and on organic bases, was published in the 
Berichte (1889, 22, 992). He gradually, however, turned his atten- 
tion mainly to problems of a technical nature, his first memorable 
contribution in this direction being a paper, with S. G. Rosenblum 
as co-author, on the 44 Estimation of Chromium in Chrome Iron Ore, 
Ferro-chromium, and Chrome Steel,” in which were communicated 
the results of a searching investigation into the method of fusion 
with sodium peroxide which had been put forward by Hempel in 
1893 and adapted for quantitative purposes by Dr. John Clark as 
described in a communication by the latter to our own Society 
(J., 1893, 63, 1079) : the subject was further pursued by Rideal 
and Rosenblum in a paper in the Chemical News (1896, 73, 1), to 
which was appended a very complete bibliography of other work on 
the same process. 

Rideal’s attention, however, became concentrated on matters 
connected with sanitation, mainly those bearing upon water supplies 
and, more especially, upon the disposal and purification of sewage 
and sewage effluents ; on this subject he became a generally acknow- 
ledged authority, his assistance being constantly requisitioned by 
engineers and by local authorities, and he was frequently called 
upon to give evidence before Royal Commissions, Departmental 
Committees, and Local Government enquiries relating to sewage 
disposal or public water supplies. 

Rideal also gave a good deal of attention to disinfectants and his 
name has for many years been familiar in connexion with the Rideal- 
Walker method for assessing the value of disinfectants on the basis 
of comparison with pure phenol by ascertaining their relative effect 
on cultivations of Bacillus typhosus. 

He was the author of a book entitled 44 An Introduction to the 
Study of Disinfection and Disinfectants,” first published in 1895, 
with subsequent editions in 1898 and 1904, which work, however, 
was superseded by a later edition by himself and his son, Dr. Eric 
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K. Rideal, on “ Chemical Disinfection and Sterilisation ” published 
in 1921. 

He was also the author of a book on ci Sewage and the Bacterial 
Purification of Sewage/ 9 first published in 1900 and re-published in 
1901 and 1906 ; and in 1914, again jointly with his son, he published 
what has come to be regarded as a standard work on “ Water 
Supplies, their Purification, Filtration, and Sterilisation.” 

The application of electrolytic chlorine to sewage purification and 
deodorisation engaged RideaPs attention over several years, and he 
was the author of two papers on the subject (J. Boy . Sanit . Inst., 
1905, 26 , 378; J. 8oc. Ghem. Ind ., 1909, 215). 

He was also the author of a book on “ Glue and Glue Testing ” ; 
and made several communications to the Society of Public Analysts 
recorded from time to time in the Analyst. Amongst these were 
papers on “ The Sulphuric Acid Hydrolysis of Butter-Fats ” (1893, 
18, 165) ; on “ Formalin as a Milk-Preservative ” (1895, 20 , 157) ; 
on “ Determination of Dissolved Oxygen in Waters in Presence of 
Nitrites and of Organic Matter” (1901, 26 , 141); (jointly with 
H. G. Harrison) on the " Polenske Method for the Detection of 
Cocoanut Oil in Butter” (1906, 31 , 254) ; (jointly with W. T. 
Burgess) on the “ New Standards for Sewage Effluents ” (1909, 34 , 
193) ; (jointly with L. H. D. Acland) on “ Examination of the Oils 
from Manihot Ceara and Funtumia Elastica and a Comparison of their 
Properties with those of Linseed and Hevea Oils ” (1913, 38,259). 

Rideal was chosen as Cantor Lecturer to the Royal Society of 
Arts in 1902, taking as his subject “ Water Purification ” (J. Soc. 
Arts , 1902, 50 , 717, 729, 741, 755). 

He was President of the Association of Sewage Works Managers 
in 1902, and President of the Society of Public Analysts in 1918 ; 
and he served a period as Exa m iner in Chemistry to the Royal 
Colleges of Physicians and Surgeons. 

During recent years RideaPs health gradually failed, compelling 
him to give up— it was hoped only for a time — active work, and 
on medical advice he sought change of scene abroad; but the 
hoped-for recovery did not ensue and he died with unexpected 
suddenness in South Africa, leaving a widow (Lilia, daughter of the 
late Samuel Keightley, of Bangor, Co. Down), one daughter, and 
three sons, including Dr. Eric K. Rideal, Owen Jones Lecturer in 
Physical Chemistry in the University of Cambridge, already referred 
to in connexion with two books of which, with his father, he was 
joint author. 

„ The writer deplores the termination of an , intimate personal 
friendship which had lasted unbroken through more than forty years, 

Bernard Dyer. 
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SAMUEL BARNETT SCHRYVER, 

Born, 1869; Died August 21st, 1929. 

Samuel Barnett Schryver was born in London in 1869 and was 
educated at University College School, University College, and the 
University of Leipzig, where he graduated Ph.D. After his return 
to England he was appointed in 1893 Demonstrator in Chemistry 
under Campbell Brown at University College, Liverpool, where he 
remained until 1897. Early in 1898 he joined the staff of the 
Wellcome Research Laboratory and retained this position until 
March 1901, when he was appointed Lecturer in Physiological 
Chemistry at University College, London. Up to this time he had 
been engaged in research on a variety of subjects in Organic 
Chemistry, but here for the first time he came into direct contact 
with biochemical problems and henceforward until his death he was 
continuously engaged in biochemical and physiological research. 
He left University College in 1907, on his appointment as Physio- 
logical Chemist to the Research Institute of the Cancer Hospital, 
and in 1913 joined the Staff of the Imperial College of Science at 
South Kensington as Assistant Professor, becoming full Professor 
of Biochemistry in 1920. Schryver was elected to the Fellowship 
of the Royal Society in 1928. He died on August 21st, 1929 after 
an illness of several months’ duration. 

Trained as an organic chemist, Schryver developed into a bio- 
chemist whose chief interest lay in the chemical and physical 
behaviour of the proteins and other colloidal constituents of the cell. 
Gifted with a fertile imagination, he was never lacking in ideas for 
new lines of research, many of which he himself began to develop. He 
leaves behind him a band of workers trained in his laboratory, many 
of whom are continuing the work commenced under his inspiration. 

In 1910 Schryver married Miss E. Davies, who, with their two 
daughters, survives him. 

Sehryver’s first paper (1890) w r as published in conjunction with 
Norman Collie, under whom he studied, on the effect of heat on 
quaternary ammonium compounds and the nature of the tertiary 
amine thus formed when the radicals of the quaternary compound 
were varied. This led to an attempt (1891 ) to prepare stereoisomeric 
compounds of the quaternary ammonium salt type (methyldiethyl- 
isqamylammonium iodide). Certain differences in crystallisation 
(probably due to dimorphism) were regarded as possibly due to the 
effect of asymmetry of the nitrogen atom. 

At Liverpool he commenced the study of the oxidation of oil of 
turpentine, from which he obtained a new acid (terpylonic acid). 
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The heptolactone formed by distillation of terpenylic acid and an 
isomeric lactone were synthesised and their constitutions thus 
established. He next turned to researches on the derivatives of 
camphor, effecting the synthesis of an isomeride of camphoric acid 
and studying the oxidation products of lauronolic acid. 

From the Wellcome Research Laboratories he published papers 
on acid phenyl salts of dibasic acids, which were obtained by acting 
on the anhydrides of such dibasic acids as camphoric, succinic and 
phthalic acids with the sodium salt of a phenol. Here too he com- 
menced (with F. H. Lees) an investigation on morphine and pub- 
lished two papers on this subject, dealing with iso - and p-i$o- 
morphine. He also devised a method for the estimation of phenols, 
depending on the production of ammonia from sodamide by the 
action of the dry phenol dissolved in anhydrous benzene. 

At University College, in the course of unsuccessful attempts to 
effect the synthesis of proteins from peptones in presence of intestinal 
mucous membrane, his attention was drawn to the phenomenon of 
autolysis, which was investigated (partly in collaboration with 
Miss Lane Claypon) in some detail (1904, 1905, 1906). He finalfy 
reached the conclusion that the autolysis of the organs in vivo 
was regulated by chemical means and that the normal supply of 
nitrogenous food yielded by its breakdown sufficient ammonia to 
prevent the tissues from becoming acid and then undergoing 
autolysis. 

Whilst at University College he also made experiments (with 
Hamill) on the excretion of nitrogen by normal individuals, finding 
that it corresponded to a daily intake of 93 g. of protein. In the 
course of investigations carried out for the Local Government Board 
he devised new and delicate methods for the detection of tin and of 
formaldehyde in foodstuffs. The application of the latter test 
enabled him to show the production of formaldehyde when chloro- 
phyll was exposed to sunlight in the presence of moist carbon 
dioxide. 

At the Cancer Hospital he carried out with Dr. C. Singer investig- 
ations on the gastric juice in malignant and non-malignant diseases 
of the stomach and duodenum (1913) in which chemical methods 
(e.g., determination of the peptic index and of the ratio of acid 
combined with amino-acids to total nitrogen) were applied to 
diagnosis. To the last he retained an intense interest in the bio- 
chemistry of cancer. Here he also began work on the state of 
aggregation of matter, which led directly to the study of clot form- 
ation, the results of which formed the subject of a series of seven 
papers published between 1910 and 1919. These included useful 
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studies of the relation between the viscosity and surface tension of 
salt solutions and the effect of these salts on clotting and gel formation 
and an intensive examination of the clotting of milk by rennin, in 
the course of which he showed that caseinogen is converted into a 
less soluble <e metaeaseinogen 55 by treatment with hot water but 
that this substance differs in properties from the casein produced by 
rennin. He also (1912) made a study of the unconjugated acids 
of ox-bile and devised a method of separation of cholalic, choleic 
and deoxycholeie acids, depending on the solubilities of their 
magnesium and barium salts. 

Schryver’s deep interest in gel formation was maintained in the 
investigations which he carried out at the Imperial College. These 
followed two main lines. In the first place he attacked the consti- 
tuents of plant cells, preparing and studying the proteins of leaves and 
also studying the cell wall, from which he isolated the pectins and 
hemicelluloses which take a part in its structure. He came to the 
conclusion that pectinogen is a trimethyl ester of pectic acid com- 
bined loosely with metallic ions, such as Ca** 5 and that pectic acid and 
the hemicelluloses, a number of which were isolated from various 
materials, were both complexes of “ uronic acids ” and sugars, as 
suggested by Ehrlich and Ling. For such complexes he suggested 
the name “ polyuronides/’ Lignification of tissue he found (1928) 
to be accompanied by the disappearance of pectins. 

The second group of researches arose from work done under the 
auspices of the Adhesives Research Committee, of which he w r as made 
a member. This Committee was appointed by the Department of 
Scientific and Industrial Research in 1919 to take over the work of 
the Adhesives Committee originally appointed by the Conjoint 
Board of Scientific Societies in the latter part of 1917. This work, 
carried out largely in conjunction with his students, resulted in two 
series of papers, on the preparation, purification and properties 
of gelatin and on the separation of the products of protein hydrolysis. 
Many of these results are also contained in the First and Second 
Reports of the Adhesives Research Committee (1922, 1926) : a 
Third Report, also containing much of his work, is in course of 
preparation. 

The formation of gelatin from its precursors collagen and ossein 
was studied from the physico-chemical standpoint. Elaborate 
attempts were made to “ purify ” gelatin and obtain a material 
which could be regarded as a chemical entity, but without complete 
success. He found that a large degree of purification could be 
effected by electrolysis and by flocculation in an electric field. The 
resulting material, however, is probably always to some degree 
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contaminated by products formed by the action of water, which 
produces an irreversible change, measurable in a few hours, even at 
37°. Such “ purified 55 gelatin is almost insoluble in water at 15° 
and is very similar in properties to the globulins, from which it 
differs by its power of readily forming gels when dispersed in 
acids, alkalis or salts. 

In the course of these researches the important observation was 
made (Knaggs, 1923) that the composition of gelatin was not 
constant, but varied with the treatment to which either the gelatin 
itself or its precursor had been subjected. This was detected by a 
variation in the percentage of the total nitrogen of the hydrolysis 
products which were precipitated by phosphotungstic acid (diamino- 
nitrogen). For instance, the hydrolysis products of gelatin from a 
precursor which had been treated with dilute alkali yielded 29-5%, 
whereas those of gelatin from the same precursor treated with 
dilute acid gave only 26 -0 % of diamino-nitrogen ; gelatin itself showed 
similar changes, but of even greater magnitude. 

These results have been criticised by Daft, working in the Carls- 
berg Laboratory, but the criticism has been refuted by Thimann 
(1930), one of Schryver’ s students, who has explained the apparent 
divergence of experimental results. The investigation of this pheno- 
menon led to the work on the separation of the products of protein 
hydrolysis. In this pioneering work, which must be regarded as 
preliminary and awaiting further extension and confirmation, 
Schryver developed a method of separation of the products of 
protein hydrolysis which depended on the use of Siegfried’s barium 
carbamate compounds of the amino-acids. In this way he obtained 
from the hydrolysis products of isinglass (and of edestin, but not of 
caseinogen or egg-albumin) hydroxylysine, in the form of a barium 
carbamate soluble in 70% alcohol but insoluble in cold water, whilst 
from the glutelin which he isolated from oats he obtained two new 
aminohydroxy-acids, aminohydroxybutyric acid, which forms an 
insoluble copper salt, and am in ohy dr oxyvaleric acid, which forms a 
soluble copper salt. 

In addition to this he obtained a new eight-carbon acid, 
C 8 H 15 0 3 N 3 , which he termed protoctin, from the phosphotungstic 
acid precipitate obtained from the soluble carbamate from glutelin 
and the protein of castor bean. Finally, dZ-lysine was obtained from 
gelatin which had been treated with acid before being hydrolysed 
and to this the increased percentage of diamino-nitrogen found in 
such gelatin was traced. No clue was, however, found to the origin 
of this extra lysine. 

Schryver (with Chibnall) also initiated an investigation into the 
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proteins of leaves, which has been continued with great success by 
Chibnall. He, moreover, isolated a crystalline substance, C 3 H 8 o 4 , 
from cabbage leaves, which he regarded as a disaccharide derived from 
glycollaldehyde and formaldehyde. 

From 1918 up to the time of his death he was also engaged in 
researches on the autolysis and nutrition of yeast in connexion with 
the Research Scheme of the Institute of Brewing. The interesting 
fact was observed that when yeast is washed it is only autolysed very 
slowly, and much work was expended in endeavouring to trace the 
presumed agent removed by washing, but without any definite 
result. The work on yeast nutrition had only reached a preliminary 
stage at the time of Schryver’s death. 

He was the author of two books. “ An Introduction to the Study 
of Biological Chemistry ” (1918) provided a general introduction to 
Organic Chemistry, followed by special chapters on the chief 
chemical constituents of the animal body (fats and lipoids, carbo- 
hydrates, proteins) ; the methods employed for the investigation of 
chemical changes within the animal organism (metabolism, total and 
intermediary) ; and the chemical processes taking place in plants 
(including enzyme actions). This was also the plan he adopted in 
his lectures. He also contributed in 1909 an early volume to 
Longman’s Series of Monographs on Biochemistry on the general 
characteristics of the proteins. A. Harden. 


GXII.—The Isomerism of the Buiylideneacetones. 

By Eustace Nevill Eccott and Begin ale Patrick Linsteau. 

The movement of the double bond in unsaturated ketones con- 
taining an unbranched carbon chain has been but little investigated, 
although a considerable number of allied substances with a (3 -sub- 
stituent, of the type of mesityl oxide, have been studied. The only 
direct investigation of the normal ketones is that of Blaise (Bull. 
Soc. chim ., 1905, 33, 40), who showed that allyl alkyl ketones were 
readily converted into their A a -propenyl isomerides by both acid 
and alkaline catalysts, a process involving an apparently irreversible 
movement of the double bond from the py- to the ap-position. In 
attempting to correlate these earlier observations with the recent 
work on three-carbon tautomerism, we were led to examine the 
related pentenyl methyl ketones. At the outset, however, certain 
unexpected features were encountered in the preparation of the 
a p -ketone, w-butylideneacetone, from ^-butaldehyde and acetone, 
and this reaction was systematically reinvestigated. 
ii 
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The condensation of aldehydes with ketones, and more par- 
ticularly acetone, originally examined by Schmidt and by Claisen 
and extended to aliphatic aldehydes by Barbier and Bouveault 
( Compt . rend., 1895, 120 , 1270), was first applied to w-butaldehyde 
by Weizmann and Garrard (J., 1920, 117 , 324), who isolated an 
unsaturated ketone to which the formula (I) was given. 

CHgMe-CHo’CHrGHCOMe CH 2 Me-CH 2 -CH(OH)-CHo*COMe 

(I.) (II.) 

■+ - 

Under milder conditions, Grignard and Dubien (Ann. Chim 
1924, 2, 287) were able to isolate the ketol (II), a type of com- 
pound already recognised as an intermediate in such reactions 
(Claisen, Ber., 1892, 25, 3164 ; Brancke and Kohn, Monatsh., 1899, 
20 , 876). Dehydration of (II) with iodine yielded a ketone (semi- 
carbazone, m. p. 118°) identical with that of Weizmann and Garrard. 

As a result of a large number of experiments on this condensation, 
using aqueous alkali as catalyst, we find that under most conditions 
mixtures of unsaturated ketones and ketol are produced. It has, 
however, been possible to develop one method by which an un- 
saturated ketone is obtained direct in a state of considerable purity, 
and one, similar to that of Grignard and Dubien, for preparing 
the pure ketol (II). Dehydration of this has been investigated 
with iodine, acetic anhydride, and anhydrous oxalic acid, all of 
which produce an unsaturated ketone giving a semicarbazone 
melting at 124° after repeated crystallisation, the purest material 
being that obtained with oxalic acid as dehydrating agent. The 
butylideneacetone of previous workers is believed to be essentially 
this substance. If the original condensation is carried out rapidly 
and no attempt is made to check the development of heat, the 
product is composed of unsaturated ketone almost free from ketol. 
This ketone is, however, not identical with that obtained by dehydr- 
ation of the ketol. It is higher-boiling, denser, and more refractive 
and readily gives a semicarbazone, m. p. 152°. Both ketones give 
the analytical figures required for C 7 H 12 0 and the semicarbazones 
also give the correct analytical values and depress each other’s melt- 
ing point* It is clear that these are two distinct substances, which 
may represent either structural isomerides differing in the position 
of the double bond or geometrical isomerides with the same position 
of the double bond. 

Both ketones showed exaltations in the molecular refractivity 
(I’ll and 1-15 units) and had low iodine addition values (8 and 2%) 
(Linsfead and May, J., 1927, 2565). Again, both resisted the 
action of ozone but yielded acetic and n-butyric acids on complete 
oxidation with alkaline permanganate. All doubt as to their 
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constitution -was finally removed by the synthesis of the compound 
with the only possible alternative formula, the Py-isomeride (III), 
from the acid chloride of A^-w-hexenoic acid (Eccott and Linstead, 
J., 1929, 2153) and zinc methyl iodide. The ketone so prepared, 
CH 2 Me*CHICH*CH 2 *COMe (III), was a different substance. It had 
a high iodine addition value (70%), readily yielded propaldehyde 
on ozonisation, and gave a semicarbazone , m. p. 109 — 110°. No 
solid compound was formed when it was treated with ethyl sodio- 

malonate, whereas the other two ketones yielded the same 5-n-pro- 

nxr ri0 

jpyldihydroresorcinol, CHPr a <^Qjj 2 ^^Q-g-^CH (IV), by this reaction 

and subsequent hydrolysis. The first two ketones must therefore 
be regarded as cis- and -modifications of w-butylideneacetone 
about the ap-double bond. 

Geometrical isomerism of this type in ketones has only recently 
been observed and has received no systematic study. Locquin 
and Heilmann (Corrupt rend., 1928, 186, 705) have isolated two 
forms of two a -alkyl unsaturated ketones, and the presence of a 
similar isomerism in the homomesitones is suggested by certain 
properties of these substances (Abbott, Kon, and Satchell, J., 1928, 
2514). In addition, a number of styryl ketones containing the 
skeleton CHPhICH'COB have been found to exist in coloured and 
colourless modifications (Haber, Ber., 1891, 24, 618; McGookin 
and Heilbron, J., 1924, 125, 2099, and subsequent papers; Dilthey 
and Badmacher, Ber,, 1925, 58, 361, et cet.). The isomerism shown 
by these compounds differs materially from that of the butylidene- 
. acetones. The isomeric styryl ketones have the same melting points 
■and give identical derivatives (Wilson, Heilbron, and Sutherland* 
jf.* 1914, 105, -2892). They are also noteworthy for the ease with 
which the less stable pass into the more stable forms. 

In determining the configuration of the ^-butylideneace tones, 
advantage was taken of their close relationship with A a -?i-hexenoic 
acid. Von Auwers and Wissebach have shown (Ber. 9 1923, 56, 715) 
f?hat solid crotonic acid is almost unquestionably the £ran$-isomeride 
and von Auwers (Annalen, 1923, 431, 46) found that it is this 
form of the acid which is produced from acetaldehyde by the Dobner 
reaction. It is reasonable to suppose that A a -n-hexenoic acid (m. p. 
33°), which is the almost exclusive product from w-butaldehyde in 
the Dobner reaction, also has the trans- configuration. When its 
• acid chloride was condensed with zinc methyl iodide, the lower- 
boiling butylideneacetone was obtained, yielding the semicarbazone 
of ;m. p. 124° in a state of purity. The connexion indicated by this 
reaction was confirmed by the oxidation of this modification of the 
'ketone with sodium hypochlorite, pure solid A a -tt-hexenoie acid 
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being obtained. As a first assumption, therefore, this butylidene- 
acetone is the im^-isomeride and the cis-c onfigur a tion must be 
assigned to the ketone with semicarbazone of m. p. 152°, prepared 
by direct condensation. We endeavoured to confirm this view by 
studying the relative ease of cyclisation of the two ketones, e.g., 
with concentrated sulphuric acid, to dihydrotoluenes, but deep- 
seated changes invariably occurred. When the cis-ketone was 
oxidised with sodium hypochlorite, a liquid acid was obtained 
giving long needles of m. p. 3°. This acid yielded the dibromide 
and anilide of solid (2raw$-)?i-hexenoic acid and is regarded as a 
mixture of this acid with its as yet unknown as-isomeride. It 
will be further investigated. 

The isomeric w-butylideneacetones strongly resist configurational 
changes : for instance, the ketones regenerated from the semi- 
carbazones by dilute acid re-form these derivatives in a state of 
purity. Bromine in an inert solvent, which has so marked an effect 
on configurational changes in acids, is rapidly absorbed with no 
apparent change in the unattacked ketone. Boiling dilute sulphuric 
acid has no pronounced effect, although it somewhat diminishes 
the purity of the ketones as measured by the readiness with which 
they yield pure semicarbazones. Hydrobromic acid, however, 
combines additively with both isomerides, giving a bromo-ketone 
which, when decomposed with aqueous potassium bicarbonate, 
yields the trans- ketone. In this way it is possible to convert the 
cis-form into its isomeride. 

It was hoped to study the tautomeric change between the py- and 
the two ap-ketones under the conditions previously used for such 
determinations. Unfortunately, all these ketones were readily 
converted into high-boiling products by the action of alkaline 
catalysts such as piperidine, sodium ethoxide and even sodium 
isopropoxide (Kon and Linstead, J., 1929, 1269). The Py-ketone 
was, however, converted into the ap-ketone with boiling 20% 
sulphuric acid (compare Blaise, loc . cit . ; Kon and Linstead, J., 
1925, 127, 815). Treatment in this way for 9 hours yielded a 
mixture of ketones with an iodine addition value of 32% (equivalent 
to about 75% of ap-ketone), giving the fr<ms-ap-semicarbazone, and 
further treatment did not appreciably affect this. It is remarkable 
that it was not found possible to produce the py-ketone — as shown 
by an increase in iodine addition — from either form of the ap-ketone 
under these conditions. In any case, it is clear that the ap-position 
of the double bond is the more stable as in the corresponding acids 
(Eittig, Annalen, 1894, 283, 47 ; Goldberg and Linstead, J., 1928, 
2343). The py-ketone could also be converted into the ap- by addi- 
ction and elimination of hydrogen bromide. Here the product had an 
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iodine addition value of 32% and yielded the semicarbazone of the 
/raws- a p -ketone. In view of the proved “ abnormal ” addition of 
hydrogen bromide to many Py-unsaturated compounds, for example, 
to A 1 -cycZohexenylacetic acid (Wallach, Annalen, 1907, 353, 289), 
the bromine entering the p- and the hydrogen the y-position, it is 
unnecessary to assume with Blaise ( loc . cit.) that the first stage in 
such a process is an isomeric change to the ap-form, followed by a 
“ normal 55 addition. 

Attention was next directed to the isomeric ketones derived from 
asobutaldehyde. The condensation of this with acetone has been 
studied by Barbier and Bouveault (loc. cit.), who appear to have 
isolated only a crude product, and by Francke and Kohn (loc. cit.), 
who isolated both a ketol (V), the dehydration of which was not 
studied, and an unsaturated ketone (VT), b. p. 157°/750 mm. 

(V.) CHMe 2 -CH(OH)-CH 2 -COMe CHMe 2 UH!CH-COMe (VI.) 

Kishner (J. Russ . Phys. Chem. Soc., 1913, 45, 987) records the 
formation of an isobutylideneaeetone (semicarbazone, m. p. 162 — 
163°). 

Using the method of Francke and Kohn, we isolated an un- 
saturated ketone which readily yielded a pure semicarbazone of 
m. p. 126°. Thp ketol (V) was prepared by a method similar to 
that used in the series and was dehydrated by iodine to yield 
an unsaturated ketone very similar to the first but giving a semi- 
carbazone, m. p. 160°, which depressed the m. p. of the derivative 
already prepared. Francke and Kohn oxidised their ketone to 
A a -?'sohexenoic acid, and we have confirmed this relationship by 
synthesising this form of the ketone (semicarbazone, m. p. 126 p ) 
from A a -is 0 hexenoyl chloride and zinc methyl iodide. As before, 
therefore, the ketone with the lower-melting semicarbazone is taken 
to be the transform.. To show conclusively that neither form had 
the Py-strueture (VII), this ketone was independently prepared from 
pyroterebyl chloride (VIII) and zinc methyl iodide. 

(VII.) CMe 2 :CH-CH 2 -COMe CMe 2 :CH-CH 2 -COCl (VIII.) 

It is of interest that, although the action of thionyl chloride on 
pyroterebic acid fails to yield a pure product owing to the addition 
of hydrogen chloride to the double bond (Linstead, J., 1929, 2498), 
the action of phosphorus trichloride in benzene gives the unsaturated 
acid chloride (VIII) in a state of purity. The new ketone (VII) 
has a high affinity for iodine, whereas the fsobutylideneacetones 
have practically none, and moreover yields a distinct semicarbazone. 

It has been shown that the presence of two y-methyl groups id a 
three-carbon system is accompanied by great stability of the 
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py-double bond; for example, in pyroterebic acid (Goldberg and 
Linstead, loc. cii.) and its ethyl ester (Linstead, loc. cit.). It was 
therefore of great interest to find that the ketones in the { 50 -series 
differed abruptly from those of the normal series in that the py- 
were the more stable forms. The trans -a p-ketone was converted 
to the extent of some 80% into its Py-isomeride on being boiled 
with dilute sulphuric acid, and the same change could be effected 
by the addition and elimination of hydrogen bromide. In some 
respects these ketones resemble those investigated by Kon (J., 
1926, 1792) with a cyclohexane ring in place of the y-^em- dimethyl 
group. 

Another difference between the two series is that on dehydration 
the w-ketol yields the trans-, and the iso- ketol the cis-, form of the 
unsaturated ketone. Direct condensation under vigorous conditions 
proceeds differently in the two cases, for the n-aldehyde gives a 
aVketone, and the { 50 -aldehyde the trans -, but this difference 
appears to depend largely upon the experimental conditions. For 
instance, Weizmann and Garrard (loc. tit.) obtained a fairly pure 
/ra?i5~n-butylideneacetone by direct condensation, whereas Kishner’s 
ketone (loc. tit.) seems to have been the cis-form of {5obutylidene- 
acetone. In many condensations in the early stages of the present 
work mixtures of a (3 -ketones were obtained and it is probably 
largely a matter of chance that the methods eventually developed 
to give individual products yielded a trans-? form in one series and a 
c{5-form in the other. In any case, it must be assumed that, what- 
ever the configuration of the final product, the reaction first pro- 
ceeds through the ketol, which subsequently loses water under the 
conditions used in the “ direct condensation. 95 This being so, it is 
a matter of interest that the pure isolated ketol is not dehydrated 
when treated with alkali under these conditions. 

The investigation of these and related compounds will be 
continued. 

[Added to proof.]— The publication of an abstract (A., 1930, 325) 
has directed our attention to a paper of Locquin and Heilmann 
(Bull. Soc. cMm. } 1929, 45, 1126). These authors obtained an iso- 
butylideneacetone of indefinite b. p. which failed to yield a pure 
semicarbazone, This they regard as indicating the existence of 
stereoisomeric forms of the ketone and semicarbazone, a view which 
is amply conjSxmed by the isolation in the present work of the two 
individual ketones and their derivatives. There seems little doubt 
that the Py-ketone of Locquin and Heilmann is identical with ours, 
but we consider Kishner’s ketone, produced by direct condensation 
(loc. oi^.), to be the c{$-ap-form and not the Py- as suggested by 
Locquin and Heilmann. The semicarbazones provide no useful 
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evidence, but the physical properties of Kishner’s ketone agree -with 
those of our a (3 -forms rather than with those found for the (Jy- by 
Loequin and Heilmann and in the present work, Further, Kishner 
prepared 3-methyl-5-^opropylpyrazoline in 90% yield from his 
ketone by a reaction which Loequin and Heilmann themselves use 
as being selective for a (3-ketones (loc. oil .] p. 1118). 

Experimental. . , 

Normal Series. 

Condensation of n-Butaldehyde with Acetone — (a) Production of 
the Icetol. Grignard and Dubien’s method gave good yields of 
total condensation product, but this always contained a consider- 
able proportion of dehydrated material. The following process 
caused less dehydration than any other used. To a mechanically 
stirred mixture of caustic soda (20 g.) in water (40 e.c.) and acetone 
(116 g.) kept between 5° and 10°, w-butaldehyde (72 g.), diluted 
with acetone (58 g.), was added during 3 hours. After an hour’s 
stirring, the aqueous layer was separated and extracted with ether, 
and the extract added to the oil . The combined product was neutral- 
ised with dilute acetic acid, washed with sodium bicarbonate solution 
and a little water, and dried over anhydrous potassium carbonate. 
The acetone and ether were removed by suction and the residue 
was distilled under reduced pressure. A little water and then a 
fraction (b. p. 68 — 92°/12 mm. ; 30 g.) containing some unsaturated 
material distilled over, followed by the ketol (40 g.), b. p. 95°/12 mm. 

Reducing the amount of caustic soda lowers the yield and reducing 
its concentration by the addition of water has the same effect and 
results in the formation of high-boiling material derived from the 
aldehyde. 

Heptan-8-ol-P-one (II) (Grignard and Dubien, loc . cit.) is a pale 
yellow liquid with a faint odour, 0-9296, rig' 6 * 14357 (Found : 
C, 64*8; H, 10-7. Calc. : C, 64*6; H, 10*8%). Treatment of the 
ketol with 25% aqueous caustic soda (8 vols.) at the b. p. or with 
shaking in the cold for 3 hours gave only unchanged ketol and 
high-boiling material. 

(b) Production of cis - n - butylideneacetone (I). To a mixture of 
acetone (145 c.c.) and 15% aqueous caustic soda (320 c.c.), w-but- 
aldehyde (178 c.c.) was added in a slow stream. The vigorous 
reaction was at first allowed to proceed under reflux and finished by 
mechanical shaking for 2 — -3 days. The aqueous layer was extracted 
with ether and the extract was added to the organic portion, which 
was then washed with water and dried with calcium chloride. After 
removal of the low-boiling material, the residue was fractionated 
under reduced pressure. The crude ketone had b. p. 70° /12 mm., 
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but contained water which could not be removed by ordinary drying 
agents. An equal volume of dry benzene was added which was 
then distilled off at ordinary pressure through a column (compare 
Grignard and Dubien, loc. cit.). The dry ketone obtained by frac- 
tionation of the residue (50 g.) had b. p. 67 — 70°/12 mm., df 0*8507, 
nf 1*4470, [B l ]b 35*22. The iodine addition value was 4%. This 
and all other iodine addition values referred to in this paper were 
obtained by using 10-minute reactions in chloroform solution (Lin- 
stead and May, loc. cit.). If the amount of alkali and water used 
in the condensation was similar to that used in the preparation of 
the ketol, and the reaction was allowed to proceed vigorously, 
mixtures of ketol and ketone were obtained. 

The as-ketone so prepared was nearly free from its isomeride, 
as shown by the purity of the semicarbazone, which could only be 
obtained in quantity when the following precautions were observed. 
The ketone (20 g.) was added to a cold solution of semicarbazide 
hydrochloride (20 g.) in the minimum quantity of saturated aqueous 
sodium acetate. Miscibility was established with alcohol, and a 
seeding crystal introduced together with enough water to prevent 
its solution. Precipitation of the semicarbazone was allowed to 
occur at room temperature, the product being cooled in a freezing 
mixture before filtration. The material so obtained was micro- 
crystalline, melting at 143°, and at 152° after one crystallisation. 
The m. p. could not be further raised (Found : C, 57*1 ; H, 9*1. 
C $ H 15 ON 3 requires C, 56*8 ; H, 8*9%). The semicarbazone (22 g., 
m. p. 152°) was intimately mixed with 25 g. of crystallised oxalic 
acid and the very volatile ketone was distilled in a current of steam, 
isolated by means of ether, and dried in the manner already described. 
Yield, 80%. 

c\s-Butylideneacetone so obtained is a colourless pleasant-smelling 
liquid, b. p. 70°/15 mm., df 0*8555, nf 1*4505, [B L ] D 35*22 (calc., 
34*07) (Found : C, 74*7; H, 10*7. C 7 H 12 0 2 requires C, 74*9; H, 
10*8%). The pure ketone has an iodine addition value of 2*3% 
and immediately yields the semicarbazone, m. p. 152°, in a state of 
purity. 

Dehydration of the Ketol. — (i) With iodine. By the method of 
Grignard and Dubien, 40 g. of the ketol yielded 24 g. of ketone, 
b. p. 58— 62°/16 mm., df 0-8493, nf 1*4408, [. B ife 34*8, iodine 
addition value 23*4%. 

(ii) With acetic anhydride (Claisen, Annalen, 1899, 306, 326). The 
ketol (42 g.) was refluxed with acetic anhydride (50 g.) for 3 hours. 
Direct distillation of the product under reduced pressure yielded no 
evidence of acetylation, the material boiling between 50° and 
71 ? /5 mm. After the addition of an excess of sodium carbonate 
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the product was distilled in steam and the ketone was isolated in 
the usual way and redistilled. The product (28 g.) had b. p. 
60710 mm., 0*8507, ri§° 1*4449, \Rl\d 35*06, iodine addition 
11 * 2 %. 

(iii) With oxalic acid (Pauly and von Berg, Ber 1901, 34, 2092). 
32 G. of the ketol were heated on the water-bath for 2 hours with 
46 g. of anhydrous oxalic acid. Hydrated oxalic acid crystallised 
from the reddish-brown syrupy residue, which was distilled in a 
current of steam. The ketone, isolated in the usual way (1.9 g.), 
had b. p. 62— 64°/12 mm., d$ m . 0*8450, nf 1*4432, [R z ]v 35*18, 
iodine addition 8*2%. 

The products obtained by all these methods yielded a semicarb - 
azone which crystallised from dilute alcohol in white silvery plates, 
in. p. 128° (Found : C, 56*9; H, 9*2. C 8 H 15 ON 3 requires C, 56*8; 
H, 8*9%). The product from the iodine dehydration yields this 
with comparative difficulty, and the oxalic acid method is the most 
satisfactory for preparing a homogeneous ketone. The ketone from 
each method contains water which cannot be removed by ordinary 
drying agents (compare Grignard and Dubien, loc. cit.) (Found: 
C, 72*9; H, 10*4%). Dried by distillation with benzene in the 
manner already described, £ra?is-7i-butylideneacetone was obtained 
as a colourless liquid with a pleasant odour differing somewhat from 
that of the cis-isomeride. It had b. p. 62°/15 mm., d JT 0*8445, 
1*4430, [B l ] d 35*18, iodine addition 9*0%. Ultimate analysis 
is difficult and tends to give low results for this type of ketone, as 
has been noticed by other workers (Claisen, Francke and Kohn, 
Weizmann and Garrard, locc . cit.) (Found : G, 74*3 ; H, 10*5. Calc. : 
C, 74*9; H, 10*8%). Unlike the ds-ketone, the trans-ketone was 
regenerated from its semicarbazone with considerable loss. In one 
experiment 16 g. of semicarbazone gave 2 g. of ketone having b. p. 
62710 mm., d$° 0*8483, n 1*4423, iodine addition 8*1%; and in 
another, 12 g. yielded 2 g., b. p. 64°/10 mm., 0*8454, n$' 1*4424. 
The ketone prepared by the oxalic acid method and purified by 
distillation with benzene and under reduced pressure was used as 
trans-ketone in the experiments described later. 

tva>ne- Ketone from A a -n-Hexenoyl Chloride . — 36 G. of the acid 
chloride (Goldberg and Linstead, loc . cit.) were added to zinc methyl 
iodide, prepared in the usual way from 41*6 c.c. of methyl iodide 
and 43 g. of zinc-copper couple in 21*6 c.c. of ethyl acetate and 
50 c.c. of benzene (Blaise and Maire, Ann. Chim. Phys., 1908, 15, 
556). A typical product, isolated in the usual way {loc. cit.), had 
b. p. 69 — 71720 mm., iodine addition 8% (16 g.). This synthesis 
was carried out many times in the present work, but the physical 
constants of the products agreed neither among themselves nor- 
11 2 
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with those already found for the two isomeric ketones, as may be 


seen from the following table : 

B. P . 


fran$-Ketone 

cis- Ket-one 

Ketone from acid chloride 

99 99 99 

99 » 99 

9* 99 99 

99 99 99 


62 °/ 15 mm. 
70/15 
69—71/20 
69/15 
63/10 
66/10 
62—63/12 


4 

nf. 

0-8445 

1*4430 

0-8571 

14513 

0-8672 

1*4404 

0*8603 

1*4420 

0-8786 

1*4387 

0*8723 

1*4407 

0*8658 

1*4414 


The high density and low refractivity of the material prepared from 
the acid chloride point to the presence of traces of ester (such as is 
often produced in these reactions) which cannot be completely 
removed by fractionation. This impurity somewhat inhibits the 
formation of the semicarbazone, which is best prepared by mixing 
the components in a freezing mixture and keeping the mixture 
ice-cold until crystallisation is at an end. The derivative then 
separates almost pure, m. p. 124° alone or when mixed with the 
Zr^ms-semicarbazone . A mixture with equal parts of the cis- 
semicarbazone melts at 110°. 

Preparation of A s -Hepten-$-one (III) . — A^-Hexenoyl chloride was 
prepared from A^-w-hexenoic acid which had been purified by one 
partial esterification (followed by fractionation) (Eccott and Lin- 
stead, loc. cit.). The purity of this acid chloride was checked by 
conversion of a small portion into the p-toluidide, m. p. 90° (crude), 
95—96° after one crystallisation (mixed m. p. 96°). The acid 
chloride (25 g.), treated exactly as its ap-isomeride, yielded the 
ketone (12 g.) as a sweet-smelling liquid, b. p. 61 — 62°/20 mm., 
0-8618, riff 14290, iodine addition, 71%. The semicarbazone 
crystallised in small white plates, m. p. 109 — 110° (Found : C, 57*0 ; 
H, 8*7. C 8 H 15 (M 3 requires C, 56*8; H, 8*9%). Satisfactory 
analytical figures could not be obtained for the ketone itself. 

Oxidation of the Ketones. ~~*-trans - Butylideneaeetone (5 g.) was 
mixed with saturated sodium carbonate solution (10 g.-mols. per 
g.-mol. of ketone), and 3% aqueous potassium permanganate added 
until no more was reduced. The product, worked up in the usual 
way, yielded 5 g. of total oxidation product : this had a strong 
odour of acetic acid, which was separated by distillation and con- 
verted into acetanilide (m. p. and mixed m. p. 115°). The higber- 
bodling material was converted into chloride, and butyryl chloride 
separated ly fractionation and identified by conversion into %-butyr- 
a©iid6 (m. p. and mixed m. p. 115°). The cis-ketone was treated in 
the saEtoway and yielded the same products. 

Bo& ois^and tm^5-ketones were recovered unchanged after treat- 
meaatK with* ozomsed oxygen f or 20 hours. The py-ketone (III), 

an oaonide. This was decomposed with 
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water, and the product, after being made alkaline, distilled. The 
first fraction contained propaldehyde, which was identified as the 
^-nitrophenylhydrazone, m. p. and mixed m. p. 120°. 

The trans- ketone (11 g.) was added slowly to excess of an ice- 
cold, freshly prepared solution of sodium hypochlorite. The 
mixture was removed from the ice and shaken thoroughly for an 
hour; the temperature then rose sharply. The- cold product was 
extracted with ether to remove unchanged ketone* treated with an 
excess of sodium sulphite, acidified, and extracted with ether. The 
residue from the ether yielded an acid (3 g.), b. p. 116 — 120°/15 mm., 
which solidified at room temperature and melted after crystallisation 
at 33°, alone or when mixed with authentic A°-?i-hexenoic acid. 
The anilide had m. p. and mixed m. p. 109 — 110°. 

The cis -ketone (11 g.) was oxidised exactly as above and yielded 
3 g. of an acid, b. p. 120 — 126°/14 mm., m. p. 3°, d l S 1*00, Tig - 
14520, iodine addition 0-9% (Linstead and May, loc . cit.). A mix- 
ture of this acid with a quarter of its weight of the acid of m. p. 33° 
melted at 6° and the m. p. was further raised by the addition of 
more 33°-acid. The acid slowly yielded the dibromide of the 33°- 
acid (m. p. and mixed m. p. 68 — 70°) and readily gave the anilide 
through the acid chloride (m.p. and mixed m. p. 109°). 

5-n-Propyldihydroresorcinol (IV). — (a) From the trans -ketone. 
4*5 G. of the ketone were added to ethyl sodiomalonate made from 
0*92 g. of sodium, 18 c.c. of alcohol, and 6*2 g. of the ester, and the 
mixture was heated on the water-bath under reflux for 3 hours. 
The solid sodio-compound of the intermediate ester (6 g.) was 
collected, washed with a little alcohol, and hydrolysed with crystal- 
lised sodium carbonate (10 g.) in water (12 c.c.). The product 
was worked up in the usual way, and the 5- n-propyldihydroresorcinol 
purified by treatment with sodium bicarbonate. From this it was 
obtained by acidification and extraction as a viscous oil, which 
gradually solidified (1 g.). On recrystallisation this melted at 107° 
(Found: C, 69*8; H, 8*9. C 9 H 14 0 2 requires 0, 70*1; H, .94%). 
If the solid sodio-compound was not hydrolysed as such but was 
acidified and the dihydroresorcinol ester itself was extracted before 
hydrolysis, the solidification of the final product was much delayed. 
Hydrolysis with baryta yielded gummy products. 

(b) Under similar conditions the cis- ketone (5 g.) yielded the 
same product (1 g.), m. p. and mixed m. p. 107°. 

Interconversion of the Isomeric Ketones, — Reference data . Mixtures 
of the Py- and the trans- a^-ketone reacted with iodine Its follows : 

%ap - ketone 100 90 80 75 66-6 50 33*0 20 0 

% Iodine ad- 
dition S-l 17*5 28-0 304 37*6 48*2 58*0 64*6 71*0 
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(a) Sodium ethoxide . The trans- a(3-ketone (7*4 g.) was treated 
with 1 equiv. of anhydrous A 7 - sodium ethoxide (Kon and Linstead, 
loc. cit., 1929). The entire product boiled above 170°/20 mm. The 
|3y-ketone was also converted into high-boiling material. 

(b) Sodium iso propoxide gave the same result. 

(c) Barium hydroxide (compare Hugh, Kon, and Linstead, J., 

1927, 2585). The trans- a (3 -ketone (2 g.) was mixed with 10 c.c. 
of 0T7A"-barium hydroxide, and miscibility established by addition 
of alcohol. After 4 hours’ boiling, the ketone was isolated unchanged 
(dj?° 0*8757, 1*4376, iodine addition 2*5%; semicarbazone, 

m. p. 124°). 

(d) Piperidine . A mixture of Jnms- a (3-ketone (4 g.) and piperidine 
(6*1 g.) was heated under reflux for 2 days on the water-bath and 
was finally boiled for 2 hours. Only high-boiling material was 
recovered. The cis-a.$- and the py-ketone were similarly affected. 

(e) Dilute sulphuric acid. The 2ra7i$-a(3-ketone (3 g.) was refluxed 
with 9 g. of 20% (by weight) sulphuric acid for 8 hours. The 
ketonic product (1 g.) had b. p. 70°/15 mm., iodine addition 10%, 
and gave a semicarbazone, m. p. 100° (crude), which yielded the 
pure trans-derivative on recrystallisation (m. p. and mixed m. p. 
124°). Similarly treated, the cis- a (3 -ketone (3 g.) gave 1 g. of pro- 
duct, b. p. 70°/15 mm., with unchanged iodine addition. After 
one crystallisation the semicarbazone gave the almost pure cis- 
derivative (m. p. 148°). 

The Py-ketone (3 g.), mixed with 6 g. of 20% sulphuric acid, was 
heated under reflux for 1 hour. The recovered ketone (1*8 g.) had 
b. p. 63 — 68°/18 mm., 0*8654, 1*4332, iodine addition 51%. 

The semicarbazone was a mixture, m. p. 78°, which could not be 
separated into its constituents. A similar experiment was carried 
out for 9 hours. The recovered ketone (1*0 g.) had 0*8680, 
1*4390, iodine addition 32*4%. The semicarbazone melted 
(crude) at 95 — 96° and after reerystallisation gave the white plates 
of the £rans-ap-semicarbazone, m. p. 122°, mixed m. p. 123 — 124°. 
In a further experiment, the (3y-ketone (5 g.) was treated as before 
for 9 hours; the product was then isolated and given a further 
9 hours’ treatment. The final product (2 g.) had d$* 0*8539, 
iodine addition 29*4% (equivalent to 77% of fr<ms-a(3-ketone) and 
yielded the tfrcwis-ap-semicarbazone. 

(f) Hydrobromic acid (compare Blaise, loc. cit.). The trans- oc(3- 
ketone (5 g.) was added slowly to 12 g. of ice-cold hydrobromic 
acid, saturafbd at 0°. The black liquid was kept at 0° for | hour 
and then poured into water and extracted with ether. The extract 
was washed with sodium bicarbonate solution and dried over 
anhydrous sodium sulphate. After removal of the solvent the 
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residue was distilled; the bromo-ketone (4 g.) then came over at 
70°/3 mm. as a colourless liquid, which quickly darkened in light 
and had a faint characteristic odour distinct from that of the 
unsaturated ketone. It was boiled with potassium bicarbonate 
(5 g.) in water (30 c.c.) for 2 hours. The ketone obtained had 
b. p. 70°/15 mm., d$° 0*8460, and iodine addition 17-3% (an increase 
of 8*0%). The semicarbazone melted at 100° (crude) and yielded the 
pure frans- derivative after recrystallisation (m. p. and mifed m. p.). 

Similarly treated, the os-ketone reacted less completely and the 
crude bromo-ketone was accordingly mixed with a further 12 g. of 
hydrobromic acid. The bromo-ketone isolated from the product 
had b. p. 80 °/5 mm. and gave with bicarbonate a ketone the semi- 
carbazone of which melted (crude) at 100° and after recrystallisation 
at 124°. Its identity with the trans -derivative was confirmed by a 
mixed melting-point determination. 

The Py-ketone (3*5 g.), treated in the same way with hydrobromic 
acid (8*4 g.), yielded a bromo-ketone, b. p. 80°/5 mm. The ketone 
obtained from this by treatment with bicarbonate had b. p. 72°/15 
mm., df 0*8835, 1*4337, iodine addition 32%. The crude 

semicarbazone melted at 103° and furnished the pure trans- ap- 
derivative on recrystallisation. 

iso -Series. 

Condensation of i&oButaldehyde with Acetone . — (a) Production of 
Jcetol. The isobutaldehyde was partly prepared by Fossek’s method 
( Monatsh 1881, 2, 614) and partly purchased from Messrs. Poulenc 
Freres. The aldehyde (50 g.) was added during 5 hours with 
mechanical stirring to a mixture of acetone (100 g.), aqueous caustic 
soda (50 c.c. of 12%), and ether (20 g.) maintained at 10°. The 
product was isolated as in the ^-series and yielded 32 g. of the pure 
ketol and a considerable quantity of dehydrated material. e-Methyl- 
hexan-8-ol-P-one (V) (Francke and Kohn, be. cit.) was thus obtained 
as a colourless liquid, b. p. 92°/23 mm., df 0*9432, rig* 1*4357 
(Found: C, 64*7; H, 10*5. Calc. : C, 64*6; H, 10*8%). 

(b) Production of tr&ns-isobutylideyieacetone (VI) (compare Francke 
and Kohn, loc. cit). isoButaldehyde (50 g.) was added in a slow 
stream to a mixture of acetone (52 c.c.) and aqueous caustic soda 
(120 c.c. of 10%). The mixture was subsequently shaken for 2 
days and worked up in the usual way. The ketone obtained (20 g.) 
had b, p. 63 — 05° /20 mm., 0 0*8407, nf 1*4395, [E L ] D 35*06 (calc., 
34*07), iodine addition 4*5%. The semicarbazone melted in the 
crude state at 120° and formed white silvery plates, m. p. 126°, 
from dilute alcohol (Found : C, 56*7 ; H, 9*1. C 8 H 15 ON 3 requires 
C, 56*8; H, 8*9%). 
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Dehydration of the Ketol . — Anhydrous oxalic acid caused con- 
siderable charring and only a few drops of material, b. p. 62°/ 12 
mm., could be obtained. This yielded a mixture of semicarbazones. 

Dehydration with iodine in the usual manner gave a 70% yield 
of cfs-isobutylideneacetone, b. p. 64°/18mm., 0*8558, nj J 1*4374, 

[ijJ x ] D 34*32 (calc., 34*07), iodine addition 8%. The semicarbazone 
crystallised in small plates, m. p. 160° (Found : C, 57*0; H, 9*2. 
C 8 H 15 0]S^ requires C, 56-8; H, 8*9%). A mixture of equal parts 
of this and the tfnms-semicarbazone (m. p. 126°) melted at 110°. 

A a -?soHexenoyl chloride (Goldberg and Linstead, loe. cit.), treated 
with zinc methyl iodide in the usual way, yielded Zraws-isobutylidene- 
acetone in 45% yield. This had b. p. 64°/23 mm., df 0*8549, 
nf* 1*4357, \Rl\d 34*22 (calc., 34*07), iodine addition 1%, and was 
identified with that prepared by direct condensation by the form- 
ation of the semicarbazone, m. p. and mixed m. p. 126°. 

$y-Ketone . — Pyroterebic acid prepared by equilibration of A a -iso- 
hexenoic acid (Goldberg and Linstead, loo. cit.) had b. p. 103°/14 
mm., d 2 / 0*9694, ri$' 1*4442. It was dissolved (18 g.) in an equal 
volume of dry benzene, and phosphorus trichloride (10% excess) 
was cautiously added. The mixture was heated on the water-bath 
for f ifmir and then yielded 15 g. of pyroterebyl chloride (VUI), 
b. p. 54 0 /I5 mm. The anilide prepared from this formed flattened 
needles, m. p. 98°, from benzene and light petroleum (Found : C, 
76*1; H, 7*9. C 12 H 15 0]tf requires C, 76*2; H, 8*0%). Repeated 
crystallisation failed to raise the melting point : the derivative, 
m. p. 106°, of Goldberg and Linstead (loc. cit.) probably contained 
some y-chloroanilide. 

Pyroterebyl chloride so prepared gave with zinc methyl iodide a 
35% yield of e-methyl- A 5 -hexen-(3-one (VII), b. p. 72 — 74°/30 mm., 
obviously contaminated with non-ketonic by-products. It had 
df*° 0*9012, 1*4317, iodine addition 66%, and yielded a very 

pure semicarbazone , which crystallised from dilute alcohol in white 
silvery flakes, not. p. 158° (crude) and 159 — 160° (after recrystallis- 
ation) (Found: C, 57*0; H, 9*2. CgH^ONg requires C, 56*8; 
E, 8*9%). A mixture with the cf$-ap-semicarbazone melted at 
154°. 

Conversion of the trans-ap- into the $y-form. (a) With sulphuric 
acid. The procedure used in the ^-series was followed. Reaction 
for 16 hours almost completely destroyed the ketone, only 10% 
being recovered. This yielded the py-semicarbazone, m. p. and 
mixed m. p. 159—160°. Reaction for 3 hours left 40% of ketone, 
b. p. 64720 mm., iodine addition 51*3% (an increase of 46*8%), 
which gave the py semicarbazone. 

(b) With hydrobromic acid . This was carried out as in the ^-series. 
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two treatments with the reagent being used. The bromo -ketone 
decomposed slightly on distillation, but a sample of b. p. 90°/5 mm. 
was decomposed with bicarbonate in the usual way and yielded 
the Py-ketone, identified in the form of its semicarbazone. In 
another experiment, only one treatment with the reagent was given 
and the bromo-ketone was treated with bicarbonate without dis- 
tillation : 40% of ketone was recovered, b. p. 64°/20 mm., iodine 
addition 52*4%, which readily yielded the py-semicarbazone, m. p. 
and mixed m. p. 159 — 160°. 

All the unsaturated ketones described in the present com- 
munication deteriorate rapidly on keeping with the formation of 
high-boiling products (compare Weizmann and Garrard, be . ciL). 
On one occasion an old sample of cis^sobutylideneacetone exploded 
on attempted distillation, which suggests that some type of oxid- 
ation occurs. 
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largely defrayed the cost of this work. 

Impeiuaxj College of Science and Technology, 

London, S.W. 7. [Received, February llZ/j, 1930.] 


CXIII. — The Action of Benzenediazonium Chloride on 
fi-Nitroethyl Alcohol and its Derivatives. 

By Edward Chables Snell Jones and James Kenner. 

In a previous paper (J., 1928, 2697) it was pointed out that a large 
proportion of the reactions of nitroso-eompounds can be referred to 
their tendency to pass into oximino - derivatives , and the perception 
of this, illuminating the nature of Piloty and Ruff’s synthesis of 
glycerol, permitted the generalisation that compounds in which a 
nitroso- and a methylol group are attached to the same quaternary 
carbon atom will decompose immediately they are produced, with 
the formation of an oximino-compound and formaldehyde : 

>C(NO )*CH 2 *OH — > >C2TOH + CH 2 0. 

Considering now the methylol rather than the nitroso-group, the 
reaction in question corresponds to the loss of carbon dioxide 
undergone when, for example, methylacetoacetic and isosuccinic 
acids are treated with nitrous acid : 

COMe*CHMe*C0 2 H — > [COMe*CMe(]SrO)*C0 2 H] - — > 

COMe-CMelNOH + C0 2 
CHMe(C0 2 H} 2 — > CMe(N0)(C0 2 H) 2 CMe(N0H)*C0 2 H + 00 2 
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Similarly the familiar decomposition of the nitroacetate ion, and 
its homologues, into the nitro-eompound and carbon dioxide corre- 
sponds to the elimination of formaldehyde from derivatives of 
g-nitroethyl alcohol under the influence of sodium methoxide 
(Schmidt and Wilkendorf, Ber., 1919, 52, 389) : 


/N0 2 . + - y N0 2 

:; <co.o-^ >C - NO - 0 + CO ‘ ;> <ch, 


ch 2 -oh 

>C-N0*6 + H + ch 2 o 


A similar correspondence was observed when the sodium salts of 
g-nitroethyl alcohol and its derivatives were treated with benzene- 
diazonium chloride in place of nitrous acid. For instance, the 
o - nitroacetaldehydephenylhydrazone (I) resulting from the interaction 
of the sodium salt of nitroethane with benzenediazonium chloride 
was also obtained by the action of the same reagent on the sodium 
salt of 3-nitropropyl alcohol : 


OH'CHg-CMe-NO-O — > 0H-CH 2 -CMe(N:NPh)-]Sr0 2 — > 

(I.) CMe(]sr-NHPh)*N0 2 -4 — CHMe-NO-O 

The formaldehyde produced was identified as usual in the form of 
methylene&ia-g-naphthol. 

Similarly, g-nitrotrimethylene glycol was converted into a 
compound corresponding in composition to o-nitroglycollaldehyde- 
phenylhydrazone (II) : 


(CH 2 -0H) 2 C*N0-0 — > (II.) 0H*CH 2 -C(N-]mPh)*]Sr0 2 + CH 2 0. 

In this instance, however, the product melted at 117°, whereas 
Demuth and Meyer record a melting point of 104° for the compound 
obtained from g-nitroethyl alcohol itself (Annalen, 1890, 256, 30) and 
a repetition of their work confirmed their result with the exception 
that the melting point was raised to 108°. Whereas the specimen 
of Demuth and Meyer’s substance was orange-red and became 
discoloured after a day or two at the ordinary temperature, (II) was 
yellow and remained unchanged for a considerable period. Each 
compound exhibited the normal molecular weight in chloroform 
solution, and satisfied Bulow’s reaction for hydrazones (Annalen, 
1886, 236, 195). Furthermore, (II) was converted into its isomeride 
by treatment with aqueous sodium hydroxide or with methyl- 
alcoholic sodium methoxide, followed by acidification, whereas the 
isomeride was recovered unchanged after similar treatment. We 
therefore regard them as stereoisomerides, assig ning the cis* con- 
figuration to the lower-melting isomeride, and thus relating its 
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instability to that of the nitrolic acids, which are also regarded as 
cis-compounds (Graul and Hantzsch, Ber., 1898, 31, 2863). 

In no other of the cases investigated and referred to later, did we 
isolate definite stereoisomerides, although there was some evidence of 
their formation : for instance, the hydrazones (III) and (IV) were 
isolated in the first place as red oils, which crystallised only very 
slowly when inoculated with the pure material (compare also Lap- 
worth, J., 1903, 83, 1114), but were at once obtained in the solid 
condition by solution in alkali and precipitation by acid : 

OH-CH a -CHEtdSf0 2 — > CEt(N-NHPh)-NO a (m.) 
0H-CH 2 -CHPr-N0 2 — > CPr“(N*NHPh)-N0 2 (IV.) 

COMe-C(N-NHPh)*CO 2 C 10 H 19 (V.) 

Bamberger and Schmidt have described two forms of nitro- 
formaldehydephenylhydrazone, melting respectively at 74*5° and 
84-5° (Ber., 1901, 34, 2001), but since the two forms are inter- 
convertible by treatment with solvents their relationship would seem 
to be of a physical rather than a chemical character. Moreover, in a 
repetition of the preparation of this compound from nitromethane 
we were able to raise the melting point to 92°. 

Although the hydrazone formula for the products of coupling 
nitro- and other reactive compounds with benzenediazonium chloride 
has probably been universally accepted since it was put forward 
by V. Meyer (Ber., 1888, 21, 11), this would Appear to be the first 
occasion on which the stereoisomerism it involves has received 
definite experimental verification. The slow mutarotation of 
menthyl benzeneazoacetoacetate (V) observed by Lapworth (loc. cit.) 
is an indication of isomerism which might, however, be structural 
rather than spatial. The possibility of structural isomerism in fact 
is indicated by the behaviour of the above stereoisomeride towards 
alkali. Eor the transition of (II) into its isomeride must be 
regarded as indicating the formation from each of an anion (VI), in 
which the double bond of the hydrazone group has given place to a 
single bond. Further evidence on this point is supplied by the 
behaviour of the hydrazones towards benzenediazonium ions. Thus 
the formula (VI) shows a negative centre available for coupling : 

OH-CH 2 -c4o-0 0H-CH 2 *C-N0 2 CHoO + NHPh-N^ 

— > |\ — > >c-no 2 

NajPh PhNIN NINPh PhlOK 

(vi.) (vn.) (vm.) 

In the light of the foregoing considerations, however, it is clear that 
the first product (VII) of such a reaction would at once pass into 
nitroformazyl (VIII) by the loss of formaldehyde. Indeed this series 
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of changes was observed by Demuth and Meyer (loc. cif.) when they 
studied the interaction of the sodium salt of nitroethyl alcohol with 
benzenediazonium chloride, and, as we have found, occurs so readily 
that the nitroacetaldehydephenylhydrazone initially formed can be 
satisfactorily isolated only when the solution of sodium salt is added 
to that of the diazonium compound so that no opportunity is afforded 
for salt formation on the part of the hydrazone. Demuth and Meyer 
attributed their result to the presence in nitroethyl alcohol (prepared 
in the usual manner by means of silver nitrite) of a considerable 
proportion of nitroacetic acid, and suggested that it originated from 
the action of nitrous acid on the alcohol. This explanation was not 
challenged either by Bamberger (Ber., 1892, 25 , 3201, 3547 ; 1894, 
27 , 147, 155), who first assigned the correct constitution to nitro- 
formazyl, or by von Pechmann (Ber., 1892, 25 , 3190), who, simul- 
taneously with Bamberger, made an extensive study of the displace- 
ment of other groups by the benzeneazo-group, according to the 
scheme : 

2PhN 2 Cl + NHPh-N:C<^ — ^ 

KHPh-N:C(N:KPh) 2 + XOH + YOH + 2HCL 
(X or Y = e.g., -H, -C0 2 H, -CHO, -GOMe, *COC0 2 H) 

The course of this reaction is presumably analogous to that repre- 
sented above by the formulse (VI), (VII), and (VIII). 

This property of the methylol group asserts itself in still another 
direction. For although (3-hydroxy-acids in general readily undergo 
loss of water with formation of ap-unsaturated acids, p -hydroxy - 
aa-dimethylpropionic acid, lacking an a-hydrogen atom, undergoes 
in part a thermal decomposition (Blaise, Compt. rend., 1902, 134 , 
552; Mareilly, Bull. Soc. chim., 1904, 31, 120) strictly analogous to 
that of the malonic acids and of various aldols : * 

0H-CH 2 -CMe 2 -C0 2 H — > CH 2 0 + CHMe 2 *C0 2 H 
C0 2 H*CMe 2 *C0 2 H — >- C0 2 + CBMe 2 *C0 2 H 

Similarly, by analogy with the decomposition of nitroacetic acid 
into nitromethane and carbon dioxide, it might be expected that the 
thermal decomposition of the hydrazone (II) and its isomeride would, 
in part, follow the course : 

0H-GE 2 *C(N*NBBh)*]^0 2 — > CB^O + CH(N*NHPh)-N'0 2 

In the case of the ^rans-isomeride, there is no difficulty in observing 
the production of formaldehyde, but careful regulation of the tem- 
perature is requisite in the case of the cis- compound to enable the 

* fAdded to proof.] The thermal decomposition of ethyl di(hydroxymethyl) - 
iq&lonate (Welch, this vol v p. 257) is a further example of this reaction. 
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odour of formaldehyde to be detected before the main portion of the 
material undergoes a complete decomposition, doubtless analogous 
to that of the nitrolic acids into nitrogen peroxide, nitrogen, . and 
carboxylic acids. 

The thermal decomposition of P-hydroxy-acids already mentioned 
is also exhibited by higher acids, containing alkylol in place of 
methylol groups (compare, for example, Beils tein’s “ Handbuch der 
Organischen Chemie/ 5 4th edition, III, pp. 330 — 353), and accordingly 
we have found that quite generally the saturated group X*CH*OH 
can be displaced from nitro-compounds in the same manner as the 
unsaturated groups already enumerated. Thus the reactions 
represented by the following scheme have been carried out in a 
number of cases, the ultimate product in each instance being 
nitroformazyl : 

B-CH(0H)-CH 2 *N0 2 — > R-CH(0H)-C(N’NHPh)*N0 2 — > 

R-CHO + N0 2 -C<g:^ h 
(R = Me, Et, Er«, CHMe 2 -CH 2 , Ph, CC1 3 .) 

In each case the intermediate hydrazone was isolated and shown to 
be recovered unchanged from its solution in alkali. 

A comparison of (IX), (X), and (XI) shows that the decomposition 
of the product initially formed from (IX) is formally analogous to 
the reversals of the aldol condensation (compare, for example, 
Houben-Weyl, “ Methoden der Organischen Chemie/’ 2nd edition, 
1922, 2, 466) and the Michael reaction (compare Knoevenagel, 
Annalen, 1894, 285, 27; Kohler and Conant, J.Amer. Ghem . Soc., 
1917, 39, 1411) : 

\/ \/ H\/C0 2 Et 

X*OH-0*N:NPh x-ch*c-ch:o X-CH-C-C— 0 

\TS ^ 'Hr Is VJ* ^ ]rs 

OH OH C0 2 Et*CH OEt 

(IX.) (X.) (XI.) 

This comparison assists in substantiating the view that in (X) 
and (XI), as well as in the thermal decomposition of malonic acids, 
the initiation of the decomposition is due to an effect transmitted from 
the carbonyl oxygen atom (compare Cooper, Ingold, and Ingold, J\, 
1926, 1870), just as in the case of (IX) it is clearly determined by 
the nitrogen atom attached to the phenyl group. At the same 
time, however, it must not be overlooked that the cyanohydrins, 
a-hydroxy-acids, and, quite generally, compounds of the type 
X*CH(OH)Y tend to decompose into X'CHO and HY, and that the 
reversal of the aldol change can be formulated in this manner. 

There is also an evident analogy between the aldol condensation 
and that of aldehydes with nitro-compounds. Correspondingly, we 
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have found that with increase in complexity of the groups X and Y 
the stability of the compound X*CH(OH)UHYdST0 2 towards 
alkali diminishes, as has been observed in the case of aldols. For 
instance, whereas the methylol derivatives prepared from nitro- 
ethane, cc-nitropropane, and a-nitrobutane are convertible into their 
sodium salts, analysis of those prepared from the ethylol derivatives 
shows that y-nitropentan-fi-ol (XII) and y-nitrohexan-^-ol (XIII) 
suffer decomposition by alkali : 

Me-CH(OH)-CHEt-N0 2 (XII.) — Me-CHO + CHEt:N0 2 Na 
Me*CH(OH)*CHPr a ‘N0 2 (™.) — ^ Me-CHO + CHPKN0 2 Na 
OH*CH 2 *CHEt\N 0 2 (XIV.) — ^ 0H-CH 2 *CEt:N0 2 Na 

Under the same conditions, however, the desired sodium salt 
was obtained from $-nitrobutyl alcohol (XIV). 

These various salts, on treatment with benzenediazonium chloride, 
yielded hydrazones in accordance with the principles already 
discussed. 

Experimental. 

u-NitroacetaldeJiydephenylhydrazone from $-Nitropropyl Alcohol . — 
A solution of the sodium salt of P-nitropropyl alcohol (J., 1928, 
2697) (12*7 g.) in water (125 c.c.) was gradually added to a solution 
prepared from aniline (9*3 g.), water (125 c.c.), hydrochloric acid 
(d 1*17; 22 c.c.), and sodium nitrite (6*9 g.). The product (17 g.), 
isolated by extraction with ether, crystallised from methyl alcohol 
in yellow plates, m. p. 149° (Found : C, 53*5 ; H, 5*15. Calc, for 
C 8 H 9 0 2 N 3 : C, 53*6; *H, 5*1%). By the procedure previously 
described (loc. cit.), formaldehyde in the aqueous liquor was identified 
in the form of methylene his- [3-naphthol, m. p. 205°, which did not 
depress the melting point of an authentic specimen. 

The phenylhydrazone was also directly prepared for purposes of 
comparison by gradual addition of a solution of nitroethane (7*5 g.) 
and sodium hydroxide (4 g.) in water (100 c.c.) to adiazonium solution 
prepared as above. The product (16*2 g.) also melted at 149° 
(Bamberger, Ber ., 1898, 31, 2629, gives 141 — 142°) and did not 
depress the melting point of the above material. Each product w*as 
recovered unchanged from its solution in sodium hydroxide. 

co- V itroglycollaldehydephenylhydrazones. — (1 ) When a solution 
of the sodium salt of p-nitrotrimethylene glycol (8*3 g.) in water 
(50 c.c.) was gradually added to a solution (50 c.c.) prepared from 
aniline (3-73 g.), hydrochloric acid (d 1*17; 8 c.c.), and sodium 
nitrite (2*76 g.), a crystalline separation (7*6 g.) was soon produced. 
On recrystallisation from acetone, stout yellow prisms (II), m. p. 
117 — 118% were obtained (Found: C, 49*0; H, 4*9; N, 21*6; 
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M, 187. CgHgOalSTg requires C, 49-2 ; H, 4*65 ; 1ST, 21*6% ; M, 195). 
Methylenefo's- (3-naphthol, prepared from the aqueous liquor as in 
the previous case, melted at 205 — 206°, as also did a sample prepared 
from the solution obtained by carefully heating the hydrazone in 
a water-bath at 85° under reduced pressure and absorbing the gases 
evolved in water. At 110°, oxides of nitrogen accompanied the 
formaldehyde. This decomposition of the hydrazone also asserted 
itself when its methyl-alcoholic solution was concentrated. 

(2) A solution of the sodium salt of (3-nitroethyl alcohol (3*9 g.) 
(compare J., 1928, 269) was gradually added to a diazonium solution 
(70 c.c.) prepared from aniline (3*2 g.), hydrochloric acid ( d 1*17 ; 
7 c.c.), water and sodium nitrite (2*4 g.). The product (6*3 g.) melted 
at 108 — 109° after crystallisation from methyl alcohol (Found : 
C, 49*4 ; H, 4*7 ; N, 21*6% ; M , 201, 189). Formaldehyde could not 
be detected as a product of treatment of the hydrazone with warm 
methyl-alcoholic sodium methoxide or aqueous sodium hydroxide, 
and the material was recovered unchanged. The same compound 
was obtained by acidifying a solution of the isomeride, m. p. 117 — 
118°, in aqueous sodium hydroxide or in sodium methoxide. A 
mixture of the isomerides melted at 100 — 102°. When the hydrazone 
was very cautiously heated, the odour of formaldehyde was distinctly 
perceptible, but further decomposition supervened so closely that it 
was not possible to collect and identify the aldehyde as was done in 
the previous instance. 

By treating the hydrazone (1*95 g.) with a solution of sodium 
hydroxide (0*4 g.) in water (20 c.c.) and mixing the whole with a 
diazonium solution (40 c.c.) prepared from aniline (0*93 g.), nitro- 
formazyl (2*1 g.), m. p. 162 — 163°, was obtained; this did not 
depress the melting point of an authentic specimen prepared from 
nitromethane. The odour of formaldehyde was very noticeable in 
the concentrated ethereal extract, and. it was identified as in 
previous cases. A similar experiment was performed with (II), 
and nitroformazyl was also produced when a diazonium solution 
was gradually added to an aqueous solution of the sodium salt of 
P-nitrotrimethylene glycol. 

Nitroformaldehydephenylhydrazone. — When a diazonium solution 
from aniline (9*3 g.), hydrochloric acid (d 1*17; 24*4 c.c.), water (125 
c.c.), and sodium nitrite (6*9 g.) was gradually added to a solution of 
nitromethane (6*1 g.) and sodium hydroxide (4 g.) in water (100 c.c.)> 
a mixture of the desired hydrazone with nitroformazyl was produced. 
The latter was removed by repeated crystallisation from methyl 
alcohol and the hydrazone was ultimately obtained in orange 
prisms, m. p. 92° (Found : 0, 50*7; H, 4*5; N, 25*7. Calc, for 
C 7 H s 0 2 N 3 : C, 50*9; H, 4*3; N, 25*4%). 



9 26 JONES AND KENNEB : THE ACTION OF BENZENEDIAZONIDM 

Other Examples of the Elimination of Formaldehyde from Nitre - 
metkylol Derivatives . — (3-Mtrobutyl alcohol, b. p. 122 — 125°/24 mm. 
(Pauwels, Bull. Acad. Sci. Belg 1897, 34, 651), was converted into 
its sodium salt (JSTa, 15*8%), which was coupled with benzene- 
diazonium chloride in the manner described for the case of (3-nitro- 
propyl alcohol. The oily phenylhydrazone had only partly crys- 
tallised after 4 days, but by precipitation of its solution in aqueous 
sodium hydroxide the solid hydrazone was at once obtained; it 
melted at 103 — 104° after crystallisation from methyl alcohol and 
did not depress the melting point of the product prepared from 
nitropropane in brilliant red needles, m. p. 103-7—104° (1ST, 21*9%). 
In the latter case no difficulty was experienced in regard to the 
solidification of the hydrazone. Bamberger (Ber., 1898, 31, 2631) 
gives m. p. 98 — 99°. 

[ l-Nitroamyl alcohol , prepared by adding a few grains of potassium 
carbonate to a mixture of nitrobutane (12 g.) and formaldehyde 
(40% solution ; 8*75 c.c.) and leaving the mixture for 12 hours after 
the initial reaction was over, boiled at 130 — 13 6°/28 mm. (Pound : 

10*4. C 5 H 11 0 3 N requires N, 10*5%). From its sodium salt 
(Found : Ffa, 15*1. C 5 H 10 O 3 N!Sra requires Ma, 14*8%), an oily 
phenylhydrazone was obtained which did not crystallise when 
inoculated with the solid material. This was, however, readily 
obtained by acidifying the solution of the oil in aqueous alkali, and 
separated from methyl alcohol in brilliant red needles, m. p* 63 — 66° 
(Found : N, 20-6. C 10 H 13 O 2 N 3 requires 1ST, 20*3%). The same 
compound was obtained directly from the sodium salt of nitrobutane, 
the crude hydrazone solidifying as in the case of that prepared from 
nitropropane. 

$-Nitro-$-hydroxymethylamyl alcohol also formed in small amount in 
the preparation of the nitroamyl alcohol just described, was isolated 
as the non-volatile residue from the distillation of the nitroamyl 
alcohol. After crystallisation from alcohol it melted at 80 — 83° 
(Found : N, 8*9. € 6 H 13 0 4 N requires N, 8*6%), and its constitution 
was established by treatment with sodium ethoxide, the sodium 
salt of the nitroamyl alcohol (ISTa, 15*0%), itself identified by con- 
version into the phenylhydrazone, m. p. 63— 66°, just described, 
being produced. 

Di#$memerd of Other Aldehydes as a Consequence of Coupling . — < 
The sodium salt of nitroisopropvl alcohol (Henry, Bull. Acad, Boy* 
Belg. } 1895, 15, 999), on treatment with benzenediazonium chloride, 
was converted into a phenylhydrazo.ne, CHMe ( OH) • C (N0 2 ) IbT"NHPh, 
which formed felted orange needles, m. p. 126— 127° (Found : C„ 
51*65; H, C^L n O z N requires 0, 51*65 ; H, 5*3%). 

From x-nitrobutan-fi-ol (Henry, ibid. } : 1896, 15, 1223) in the same 
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way, a sodium salt (Found : N a, 16*3. C 4 H 8 0 3 NNa requires 
Na, 16*3%) and a jphenylhydrazone , CHEt(OH)*C(N0 2 )I]Sr’NHPh, 
bright red needles, m. p. 100 — 102° (Found : N, 18*9. C 10 H 13 O 3 N 3 
requires 1ST, 18*9%), were successively obtained. 

oL-Niiropentan-$~ol was prepared by condensation of nitromethane 
(33 g.) with w-butaldehyde (39 g.) in presence of water (10 c,c.) and 
potassium carbonate (0*2 g.). Since no particular rise in temper- 
ature was observed, the mixture was heated for some time at 60°, 
until the aqueous layer (originally the lower) was displaced by the 
specifically heavier condensation product. After 12 hours, the 
mixture was worked up and the alcohol (44 g.) isolated as a viscous 
oil, b. p. 117 0 /17 mm. (Found : N, 10*8. C 5 H n 0 3 ]Sr requires N, 
10*5%). From the sodium salt (Found : Na, 14*6. C 5 H 10 O 3 NNa 
requires Na, 14*8%), &-cMoro-x-nitropentan-$-ol was prepared by 
direct chlorination ; it separated from a mixture of equal volumes of 
chloroform and ethyl acetate in fine needles, m. p. 38° (Found: 
N, 8*6. C 5 H 10 O 3 NCl requires N, 8*4%). The phenylfiydrazone, 
obtained from the sodium salt crystallised from methyl alcohol in 
brilliant red needles, m. p. 92 — 94° (Found : N, 18*1. C 11 H 15 0 3 N 3 
requires N, 17*7%). 

a-Nitrohexan-p-ol (Mousset, Bull. Acad. Roy. Bdg., 1901, 26., 
622) yielded a sodium salt (Found : Na, 13*3. C 6 H 12 0 3 NNa 
requires Na, 13*6%), and a phenylhydrazone , which separated from 
methyl alcohol in bright red needles, m. p. 108 — 111° (Found : 
N, 16’7. C 12 H 17 0 3 N 3 requires N, 16*7%). The chloro-derivative, 
analogous to that described above, was obtained as an oil which 
could not be induced to crystallise. 

yyy-Trichloro-a-nitropropan- p-ol, m. p. 48 — 49° (Henry, Bull. 
Acad . Roy. Belg 1896, 15, 1223, gives m. p. 42— 43°), was for 
obvious reasons not converted into its sodium salt, but coupled in 
dilute aqueous solution immediately after addition of sodium 
hydroxide (1 mol.). The resulting yohenyUiydrazone crystallised from 
methyl alcohol in red prisms, m. p. 129° (Found : N, 13*6. 
C 9 H s 0 3 N 3 C1 3 requires N, 13*5%), 

The sodium salt of p -nitro- a-phenylethyl alcohol (Rosenmund, 
Ber. } 1913, 46 , 1037) yielded a phenylhydrazone , which crystallised 
from methyl alcohol in fine red needles, m. p. 126° (Found : N, 
15*8. C 14 H 13 0 3 N 3 requires N, 15*5%)V 
The following details are typical of the procedure followed in con- 
verting each of the above-mentioned phenylhydrazones into nitro- 
formazyl : a diazonium solution (100 c.c.) prepared from aniline 
(0*93' g.), hydrochloric acid (d 1*12; 2*2 c.c.), water, and sodium 
nitrite (G*<59 g.) was added to a cold solution of the phenylhydrazone 
from methylnitropentanol (2*5 g.) and sodium hydroxide (04 g.f 
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in water (100 c.c.), and the precipitate purified by crystallisation 
from methyl alcohol. 

y-Nitrobutan-g-ol (Henry, Bull. Acad . Boy. Belg 1896, 15, 1224) 
yielded a sodium salt which was purified by addition of ether to its 
solution in methyl alcohol (Found : Na, 16-7. C 4 H 8 0 3 NNa requires 
Na, 16*3%), from which a phenylhydrazone, m. p. 148 — 149°, was 
prepared (Found : N, 23*5%). The liquor from the coupling process 
exhibited reducing properties and responded to Simon’s test for 
acetaldehyde, and the phenylhydrazone did not depress the melting 
point of the phenylhydrazone prepared from nitroethane. 

Decomposition of Derivatives of Nitroisopropyl Alcohol by Alkali . — 
When a solution of y-nitropentan-(3-ol (Henry, Bull. Acad . Boy. Belg., 
1896, 15, 1223) (Found : N, 10*3%) (13*5 g.) in alcohol (25 c.c.) was 
treated with a solution of sodium (2-3 g.) in alcohol (42 c.c.), a sodium 
salt was precipitated (Found : Na, 19-9%), and the presence of 
acetaldehyde in the liquor was demonstrated by Simon’s test. The 
salt was purified by addition of ether to its solution in methyl 
alcohol (Found : Na, 20-7. C 3 H 6 0 2 NNa requires Na, 20-7%). 

y-NitroJiexan-$-ol { 36*5 g.), b. p. 122-5°/l7 mm. (Found: N, 10-0, 
10-2. C 6 H 13 0 3 N requires N, 9-5%), was prepared by addition of 
two drops of aqueous potassium hydroxide solution (50%) to a 
mixture of nitrobutane (50 g.), acetaldehyde (22 g.), and water 
(10 c.c,). A sodium salt was prepared in the same manner as in 
the previous instance (Found : Na, 18*2. C 4 HgOgNNa requires Na, 
18*4%), and the presence of acetaldehyde in the mother ^liquor was 
again indicated by Simon’s test. 

The College of Technology, 

Manchester. [Received, January 29 th, 1930.] 


CXIV . — The Scission of Diaryl Ethers and Belated 
Compounds by Means of Piperidine . Part IIP 
The Nitration of 2 : 4c-Dibromo-2 ' : A' -dinitrocli- 
phenyl Ether and of 2 : 4:-Dibromophenyl p- 
Toluenesulphonate and Benzoate . The Chlorination 
and Bromination of m-Nitrophenol. 


By Bosalind Venetia Henley and Eustace Ebenezer 
Turner. 


In continuation of previous work (Part II, J., 1929, 512), the 
nitration of 2 : 4:-dibromophenyl -p-toluenesulphonate has been in- 
vestigated, The sole product of dinitration was 2:4 -dibromo- 
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o-nitrophenyl o-nitro-p-toluenesulphonate (I), the constitution of 
which was established by its conversion successively into 2 : 4-dto*- 


N0 2 N0 2 Br Br N0 2 

Br/^-0-S0 2 <(^^Me Br<^^0-S0 2 <^^Me Br<^)>OH 
Br ^ Br “ Br 


(I.) 


(II.) 


(HI.) 


bromo-5-aminophenyl 0 - amino -p~ toluenesulphcniate and 2:4: 54n- 
bromophenyl o - bromo-p- toluenesulphona te (II). The latter substance 
was converted by piperidine at 100° into 2:4: 5-tribromophenol, 
identical with the product obtained by the replacement of the 
amino-group by hydroxyl in 2 : 4 : 5-tribromoaniline. 

When 2 : 4-dibromo-5-nitrophenyl o-nitro-p-toluenesulphonate 
was heated with piperidine, there were formed 1 -o-rritro-p -toluene - 
sulphonylpiperidine and 2 : 4:-dibromo-5-nitrophenol (III), the con- 
stitution of which is determined by that of the above tribromo- 
phenol. After crystallisation from light petroleum, with sub- 
sequent normal drying, the dibromonitrophenol melted at 77 — 78°, 
and an identical product was obtained by nitrating 2 : 4-dibromo- 
phenyl benzoate, followed by hydrolysis. It seemed probable that 
the compound obtained by Garzino (Atti R. Accad . Sci. Torino, 
1889, 25, 250) by nitrating 2 : 4-dibromophenyl propionate should 
also be 2 : 4-dibromo-5-nitrophenol, but he gave the m. p. as 90 — 
91°. Crystallisation of our compound from dilute acetone gave a 
monohydrate, m. p. 92 — 94°, which is probably the product obtained 
by Garzino. 

Another dibromonitrophenol, m. p. 91°, w r as described by Lindner 
(Ber., 1885, 18, 612) as resulting from the dibromination of w-nitro- 
phenol, and in Beils tein’s ce Handbuch ” (4th Edn., Vol. VI, 246, 
248) it is suggested that this compound is possibly identical with 
Garzino’s dibromonitrophenol. In view of the fact (Part II) that 
w-nitrophenol is dichlorinated in the 2- and 4-positions, it at first 
seemed unlikely that the dibromination would proceed so differently, 
and we have accordingly investigated the bromination of m-nitro- 
phenol afresh. 

Attempts to prepare the dibromo-compound according to 
Lindner’s directions did not yield any chemically pure substance. 
When, however, bromine, diluted with carbon dioxide, was passed 
through m-nitrophenol at 120 — 140°, until the latter acquired the 
correct increase in weight, and the product was worked up exactly 
in accordance with Lindner’s instructions, material was obtained 
which behaved as regards crystallisation as an individual, melted at 
82 — 98°, and appeared to be a mixture of 4-bromo- and 2:4: 6- 
tribromo-3-nitrophenol . 
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When an attempt was made to dibrominate m-nitrophenol in 
glacial acetic acid in presence of anhydrous sodium acetate, the 
tribromo-compound, in. p. 89 — 90°, was alone isolated. This 
substance, m. p. 85°, was obtained by Lindner (loc. cit.) by bromin- 
ating m-nitrophenol, and by Daccomo (Ber., 1885, 18, 1167) by 
nitrating 2:4: 6-tribromophenyl benzoate. Its constitution has 
now been definitely proved by converting it in stages into 2 : 3 : 4 : 6- 
tetrabromophenol. Monobromination of 4-bromo-3-nitrophenol also 
failed to give a dibromo-3-nitrophenol. 

In preparing the monobromo-derivatives of m-nitrophenol, we 
again encountered conflicting results. Pfaff (iter., 1883, 17> 612) 
treated m-nitrophenol with bromine in the cold, and described his 
monobromo-compound as bright yellow needles melting at 110°. 
Lindner (loc. cit) and Schlieper {Ber., 1892, 25, 552), using similar 
methods, obtained what they took to be Pfaffs substance, but they 
gave the m. p. as 147 — 148°. Schlieper (Ber., 1893, 26, 2469) 
regarded this substance as 2-bromo-3-nitrophenol, since he had 
obtained the following evidence that the analogous chloro-compound 
was 2-chloro-3-nitrophenol (IV) : the chloro-compound was methyl- 
ated, and the ether reduced and then deaminated* The product 
obtained was thought by Schlieper to be o-chloroanisole for two 
reasons : (1) it had the correct b. p., and (2) nitration gave a ehloro- 
nitroanisole, m. p. 93 — 94°, which he took to be (V), because a 
substance having this constitution and this m. p. had been described 
by Pischli (Ber., 1878, 11, 1463). It seemed possible, however, 
that Schlieper’s chloronitrophenol was the 4-compound, in which 


OH OMe OMe 



case his ohloronitroanisole would be (VI), which melts at 97*5° 
{Reverdin, Ber., 1893, 26, 1689). 

We have found that the monobromination of m-nitrophenol at 
120—149° (the lowest temperature at which bromination is practic- 
able) gives a mixture of products, at least 50% of which is 4-bromo- 

3- nitrophenol, m. p. 146*5 — 147*5°, the constitution of which has 
been established by its synthesis from 0iV-diacetyl-3-nitro-j>- am ino - 
pfbeneL Schlieper’s supposed 2-bromo-compound is therefore 

4- bromo-3-mtrophenol, which substance has indeed already been 
prepared (Heller and Kammann, Ber,, 1909, 42, 2179) frpm 3-nitro- 

Monobromination of m-nitrophenol in glacial acetic acid in 
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presence of sodium acetate gave indefinite results, but in absence 
of sodium acetate the product was a monobromo-compound, m. p. 
118-5 — 121°. This we at first thought to be 2-bromo-3-nitrophenol, 
and in order to prove its constitution, we converted it into the 
$-toluenesulphonyl derivative, reduced the latter, and replaced the 
amino-group by bromine. During the last stage, the p-toluene- 
sulphonyl group was removed by hydrolysis and a dibromophenol, 
m. p. 73 — 74°, was formed. At the same time we performed an 
analogous synthesis, starting from 3-bromo-2 -nitrophenol. The 
dibromophenol obtained in the second synthesis melted at 68—69°, 
was different from the first, and was clearly the hitherto unknown 
2 : Z-dibromophenol . It therefore seemed certain that the isomeric 
compound was 2 ; 5-dibromophenoL Eaiford and Bren (J. Amer. 
Chem . Soc ., 1929, 51, 2539) recently attempted the preparation of 
this substance from 2 : 5-dibromoaniline. It has now been obtained 
in excellent yield by applying the method of Noelting and Kopp 
(Iter., 1905, 38, 3506) to this base, and was found to be identical 
with the product from the bromo-3-mtrophenol, which is therefore 
the 6-derivative (2-bromo-5-nitrophenol) already described by 
Heller and Kammann ( loc . cit.) } who obtained it from 5-nitro- 
2-aminophenol. 

Although it has already been shown (Part II) that w-nitrophenol 
is readily converted into 2 : 4-dichloro-3-nitrophenol, the above 
results made it desirable to investigate the monoohlorination. 
Schlieper (Iter,, 1893, 26, 2466), by direct chlorination of m-nitro- 
phenol, obtained a compound, m. p. 120°, which, as is shown above, 
may be either the 2- or the 4-chloro-compound. Meldola and 
Eyre (J., 1902, 81, 996) agreed with Schlieper’s conclusion that 
this was the 2-chloro -compound; they obtained 4-chloro-3-nitro- 
phenol, m. p. 126 — 127°, by synthesis from 3-nitro-p-aminophenoL 

We find that monoohlorination of m-nitrophenoi at 120— 140° 
gives approximately equal amounts of 4-chloro-3-nitrophenol (A), 
m. p. 127 — 128°, and 2-chloro-3-nitrophenol (B), m. p. 120°. A 
was identical with a specimen prepared from OA-diacetyl-3-nitro- 
p-aminophenol, and the constitution of B follows from two facts : 
(1) dichlorination of m-nitrophenol under similar conditions gives 
the 2 : 4-dichloro-compound in good yield, and (2) reduction of 
B, followed by # replacement of the amino-group by chlorine* gives 
2 : 3-dichlorophenol. Although the first of these appears to be 
sufficient proof, it was desired to prove beyond doubt that B was 
not 6-chloro-3-nitrophenol (m. p. 118—119°; prepared synthetically 
by Meldola, Woolcofct, and Wray, J., 1896, 69, 1322). > r 

It is therefore possible that, in this oase* Schlieper actually had.a 
S^chloro-oompound, but it is difficult to believe this, Binoetbe 
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4-chloro-compound, which was presumably present, is so readily 
isolated. 

We have not investigated the iodination of m-nitrophenol, as 
the statements in the literature seem to be accurate. Schlieper 
<1893, loo. cit.) described the monoiodo-compound as the 2-iodo- 
derivative, m. p. 134°, and Datta and Prosad (J. Amer. Chem. Soc. 9 
1917, 39, 441) state that iodination in the 2-position proceeds 
•quantitatively. There seems little doubt that this substance is 
-different from the 4- and the 6-iodo-derivative, m. p. 156° and 146 — 
147° respectively (Hahle, J . pr. Chem., 1891, 43, 72 ; Meldola and 
Eyre, P., 1901, 238). 

In endeavouring to prepare 4-bromo-3-nitrophenol by a different 
method, we nitrated iST -p - bromophenylphthalimide in presence of 
excess of concentrated sulphuric acid, expecting to obtain a con- 
siderable proportion of the m -nitro - derivative (compare Brady, 
Quick, and Welling, J., 1925, 127, 2264). The main product, 
however, was the o-nitro-derivative. This result is interesting, 
since nitration of p-bromoaniline in presence of excess of sulphuric 
acid gives almost entirely the m-nitro-compound (Noelting and 
Collin, Ber., 1884, 17, 261) (see Experimental). 

The nitration of 2 : 4-dibromo-2' : 4'-dinitrodiphenyl ether pro- 
ceeds similarly to that of the analogous dichloro-compound and 
gives 2 : 4t-dibromo-5 : 2 ' : 4='-trinitrodiphenyl ether. This ether 
readily undergoes scission by piperidine into 2 : 4-dibromo-5-nitro- 
phenol and N-2 r : 4'-dinitrophenylpiperidine. 

Experimental. 

2 : 4:-Dibromophenyl p-toluenesulphonate , readily obtained by 
the usual type of process, crystallised from glacial acetic acid in 
colourless plates, m. p. 120° (Found : Br, 39*8. C 13 H 10 O 3 Br 2 S 
requires Br, 39*4%). 

Dinitration of 2 : 4c-Dibromophenyl p- Toluenesulphonate . — The 
compound was added to 10 parts of nitric acid ( d 1*5), the resulting 
solution being left for an hour and then poured into a large bulk of 
water. Filtration, followed by crystallisation from glacial acetic 
acid, gave 2 : 4-dibromo - 5-nitrophenyl o-nitro-p-toluenesulphonate 
in pale greenish-yellow leaflets, m. p. 122 — 123° (Found : Br, 32*6. 
C 13 H 8 0 7 N 2 Br 2 S requires Br, 32*3%). 

2 : 4:-Dibromo-5-nitrophenol. — The last-mentioned compound was 
heated for 1 hour at 100° with 2 parts of piperidine. No piperidine 
hydrobromide separated. Excess of dilute alkali was added, and 
the solution shaken with benzene; this extracted the 1-o-nitro- 
p -toluenesulphonylpiperidine, but, contrary to expectation, it also 
extracted the piperidine salt of the phenol. It was therefore shaken 
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with dilute hydrochloric acid and then with alkali. Acidification 
of the alkaline solution precipitated 2 : 4:-dibromo-5-nitrophenol * 
This crystallised from light petroleum (b. p. 80 — 100°) in long yellow 
needles, m. p. (after being dried over-night in a vacuum over con- 
centrated sulphuric acid) 77 — 78° (Found : Br, 53*5. C 6 H 3 0 3 NBr 2 . 
requires Br, 53-9%), and from very dilute acetone as the hydrate , 
C e H 3 0 3 NBr 2 ,H 2 0, in long yellow needles, m. p. 92 — 94° (with 
previous softening), the m. p. depending on the rate of heating 
(0-5236 g. lost 0*0309 g. in 14 days in a vacuum over phosphoric 
oxide. Loss of 1H 2 0 requires 0*0299 g. The specially dry material 
so obtained melted at 84 — 86°). 

2 : 4 - Dibromo - 5 - aminophenyl o - Amino - p - toluenesulphonate . — 
The corresponding dinitro-compound was added with shaking to a 
hot solution of stannous chloride (1*5 times the calculated quantity) 
in a mixture of glacial acetic acid and concentrated hydrochloric 
acid. After the mixture had been heated at 100° for a few minutes, 
vigorous reduction set in, and was allowed to become complete 
during an hour at 100°. The resulting solution w T as poured into 
excess of 20% potassium hydroxide solution, and the suspension 
was cooled and filtered (asbestos). The washed and dried precipitate 
crystallised from dilute acetone in colourless leaflets, m. p. 174 — 
17 5° (Found ; Br, 37*5. C 13 H 12 0 3 N 2 Br 2 S requires Br, 36*7%). 

2:4: 5~Tribromophenyl o -Bromo - p - toluenesulphonate . — The di- 
amino-eompound was diazotised at 20 — 25°, in a mixture of equal 
parts of concentrated hydrochloric acid and water, with a solution 
of sodium nitrite. The diazo-perbromide was precipitated by 
means of a solution of bromine in aqueous potassium bromide, 
collected, washed, and decomposed in glacial acetic acid, the temper- 
ature of the latter being slowly raised until the b, p. was reached. 
Water w r as added, and the precipitate crystallised from alcohol, 
colourless leaflets, m, p. 107 — 108°, being obtained (Found : Br, 
56*9. C 18 H 8 0 3 Br 4 S requires Br, 56*7%). 

2:4: 5 - TV tbromophenol . — (a) A solution of the preceding com- 
pound in excess of piperidine was boiled under reflux for an 
hour; the solution was then strongly aoidified and submitted to 
steam distillation. The tribromophenol passed over rapidly, and 
crystallised from light petroleum (b, p. 40 — 60°) in long colourless 
needles, m, p. 85 — 86° (Found: Br, 73*0. C 6 HgOBr 3 requires* 
Br, 72*5%). 

(b) 2:4: 5-Tribromoaniline, prepared for the purpose from 
2>dibromobenzene, was converted into the corresponding phenol 
by adapting the method of Noelting and Kopp (loc. tit .). The 
product was identical with that from process (a). 

Kohn and Pfeifer ( Monatsh ., 1927, 48, 211) obtained what was:. 
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evidently mainly 2 : 4 : 5-tribromophenol, m. p. 79°, by heating 
pentabromophenol with zinc dust and glacial acetic acid. We 
failed to trace this work for some time, since in the original paper 
and in the British abstracts the substance was incorrectly called 
3:4: 6-tribromophenol. 

Nitration of 2 : 4:-Dibromo-2 / : 4' -dinitrodiphenyl Ether, — The 
ether, described by Le Fevre, Saunders, and Turner (J., 1927, 1168), 
is more conveniently obtained as follows : 21 g. of 2 : 4-dibromo- 
phenol were added to 4*6 g. of potassium hydroxide previously 
fused with 0*5 e.e. of water. To the still hot mixture were added 
17-5 g. of l-chloro-2 : 4-dinitrobenzene. After a few minutes’ 
shaking, 'potassium chloride began to separate, and after an hour’s 
heating at 100°, interaction was complete. Excess of dilute alkali 
was added, and the mixture cooled and shaken. The solid mealy 
product was collected, washed with water, and crystallised from 
glacial acetic acid (23 g., m. p* 133°). 

The ether was added rapidly to 10 parts of nitric acid ( d 1*5), 
After 0-5 hour, the solution was poured into water. The pre- 
cipitated solid was collected, washed, and crystallised from glacial 
acetic acid, 2 : 4-dibromo-5 : 2' : 4' -trinitrodiphenyl ether being 
obtained in very pale yellow needles, m. p. 142° (Found : Br, 35*1. 
C 12 H 5 0 7 lSyBr 2 requires Br, 34*9%). 

Scission of 2 : 4^Dibromo-5 : 2' : 4' -trinitrodvphenyl Ether,— [si) 
With piperidine. The trinitro -compound was heated with twioe its 
weight of piperidine at 100° for an hour. The solution was treated 
with alkali and extracted several times with benzene. The benzene 
layer was extracted first with hydrochloric acid and then with 
alkali. Acidification of the alkaline solution gave 2 : 4-dibromo- 
5-nitrophenol, identical with the above product, and the benzene 
layer yielded 2 : 4-dirdtrophenylpiperidine. 

(b) With aniline. The trimtro-compound- was heated for an 
hour at 100° with excess of aniline. On addition of much dilute 
hydrochloric acid, 2 : 4-dinitrodiphenylamine separated in almost 
quantitative yield. 

Nitration of 2 : 4-Dibromophenyl Benzoate . — The benzoate was 
added slowly to 10 parts of nitric acid (d 1*5), kept below 30°. 
After a further 15 minutes, the solution was poured into excess .of 
cold water. The gummy precipitate was separated, and heated with 
water until it became hard. It crystallised from alcohol in colour- 
less needles, m. p. 155—156° (Found: Br, 36*2. C 13 H 6 0 6 N 2 Br 2 
requires Br, 35*9%). The nitro-compound was heated for an hour 
at 100° with excess of piperidine. The excess of piperidine was 
removed by extraction with benzene in presence of alkali. The 
2 : 4-dibromo-5mtrophenol obtained, after crystaffisation from 
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light petroleum, had m. p. 77 — 78°, and did not depress the in. p. 
of the dibromo-compound described above. 

The m-nitrophenol used in these experiments was prepared as 
described in Adams’s “ Organic Syntheses/’ Vol. VIII, p. 80, but 
it was found advisable to remove all traces of sulphuric acid from 
the crude product by dissolving it in alkali and reprecipitating it 
with hydrochloric acid before distilling it under reduced pressure; 
otherwise, towards the end of the distillation, explosive decomposition 
set in. From 212 g. of m-nitroaniline, 135 — 140 g. of pure m-nitro- 
phenol were consistently obtained. 

m -Nitrophenyl p4 oluenesulphonate , obtained in the usual way, 
separated from alcohol in prisms, m. p. 112 — 113° (Found : S, 
10*7. Cj 3 H u 0 5 NS requires S, 10*9%). 

Experiments on the Dihromination of m-Nitrophenol. — (A) Dry , 

(1) The method described by Lindner (loc. cit .) led to mixtures, 
the examination of which proved unprofitable. 

(2) A current of carbon dioxide laden with bromine vapour was 
passed through m-nitrophenol in a bath at 120—140° until the 
desired increase in weight had occurred. The product was worked 
up by Lindner’s method. Precipitation of the barium-salt fraction 
gave a solid, m. p. 82 — 98°. A mixture of this with 2:4: 6-tri- 
bromo-3-nitrophenol melted below 75°, and one with 4-bromo- 
3-nitrophenol melted at 76 — 135°. On the assumptions that the 
product, m. p. 82— 98°, is approximately 50% of 4-bromo- and 
50% of tribromo-3-nitrophenol, and that the mixed melting-point 
curve is of the simplest type, these results are explicable, as is also 
the bromine content of the bromination product (51*3% ; a 1:1 
mixture of mono- and tri-bromo -compounds requires Br, 53-9%). 

(3) On one occasion, by Schlieper’s method of monobromination, 
a product was obtained corresponding very closely to that just 
described. It had m. p. 85 — 95°, and Br, 51*2%* 

(B) Wet (1) A solution of m-nitrophenol (1 mol.) and bromine 
»(2 mols.) in 90% acetic acid was left in the cold for an hour. Since 
bromination did not begin, the solution was heated at 100° for 0*5 
hour and then boiled for 0*5 hour. The product was worked up by 
Lindner ? s method and gave no substance corresponding to his 
dibromo-derivative. 

(2) A solution of m-nitrophenol (1 mol.) and anhydrous sodium 
acetate (2 mols.) in glacial aoetic acid was treated with a solution 
of bromine (2 mols.) in glaoial acetic acid. A number of experiments 
were carried out, with variation of concentrations, temperature, 
and time of mixing. In every case the main product was 2:4: 6* 
tribromo-3-nitrophenol, m. p, 89—90° (Found: Br, 634. Oalc. : 
Br, 63*8%). / 
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2:4: §-Tribromo-Z-nitrophenyl p-Tolmnesulpkonate . — The tri- 
bromo-compound was readily converted into the p-toluenesulphonyt 
derivative, which crystallised from alcohol in colourless needles, 
m. p. 146—147° (Found : Br, 45-2 ; S, 6*0. C 13 H 8 0 5 NBr 3 S requires 
Br, 45-3 ; 8,6-0%). 

2:4: 6-Tribromo- 3 - aminophenyl p-Toluenesulphonaie. — Reduc- 
tion of the preceding compound was effected by West’s method 
(J., 1925, 127, 494). The amino - compound separated from alcohol 
or dilute acetic acid in colourless prisms, m. p. 146 — 147° (mixture 
with the nitro-compound, m. p. 120 — 125°) (Found : Br, 47*9. 
Ci 3 H 10 O 3 NBr 3 S requires Br, 48*0%). 

2:3:4: 6-Tetrabromophenol . — A solution of the preceding amino- 
compound in concentrated sulphuric acid was diazotised at 15° 
with a solution of sodium nitrite in concentrated sulphuric acid 
(made at — 10°). When the resulting solution was poured on ice, 
a yellow crystalline precipitate of the diazo -compound separated. 
Addition of water produced a clear solution, to which was added a 
solution of bromine in potassium bromide until no further precipitate 
was obtained. The diazo-perbromide was collected, washed with 
water, and decomposed in hot glacial acetic acid. On cooling, a 
crystalline product separated, which was washed with water and 
then heated with excess of piperidine at 100° for 4 hours. Addition 
of water precipitated 2:3:4: 6-tetrabromophenol, which soon 
became solid and crystallised from dilute alcohol in colourless 
needles, m. p. 113 — 114°. An identical specimen was obtained 
by using the Sandmeyer instead of the perbromide process (Found : 
Br, 76*8. Calc. : Br, 78*0%). 

N-p~Bromophenylphthalimide . — A mixture of p-bromoaniline 
(1 mol.) with finely ground phthalic anhydride (1 mol.) was heated 
at 250 — 300° for 2 hours. The molten mass was poured into cold 
alcohol and the solid product was ground and extracted with a 
large volume of boiling alcohol. The residual solid and the long 
silky needles that separated from the extract both melted at 204° 
(Found : Br, 26*8. C^HgOgNBr requires Br, 26*5%). Yield, 88%. 

Nitration of N-p-Brornophenylphthalimide . — The imide (1 mol.) 
was dissolved in 10 parts of warm concentrated sulphuric acid. 
To the solution, cooled in running water, 1 mol. of nitric acid ( d 
1*5), dissolved* in 5 vols. of concentrated sulphuric acid, was added 
slowly, with* stirring. After an hour, the solution was poured on ice, 
and the resulting gummy precipitate collected . It was heated for an 
hour at 130° with 90% sulphuric acid, and the*resulting solution was 
much diluted and then basified. The product was mainly 4-bromo- 
2-mtroaniiine, and did not contain more than 20% of 4-bromo-3- 
nitroamline (fractional crystallisation of the mixed sulphates). 
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Nitration of p-bromoaniline in excess of sulphuric acid as described 
by Noelting and Collin (loc. cit) gave 4-bromo-3-nitroaniline in 
good yield, but an attempt to effect replacement of the amino- 
group by hydroxyl by the diazo-method proved unsuccessful. 

Mononitration of ON-Diacetyl-p-aminophenol, — Hahle (loc. cit.) 
recommends nitration at 0° with fuming nitric acid. We have found 
that the best results are obtained when 50 g. of the diacetyl com- 
pound are added gradually to 75 c.c. of nitric acid (d 1-5) kept at 
about 5°. (Only partial nitration occurs at temperatures just 
below 0°, and the diacetyl compound may be recovered unchanged 
from its solution in a mixture of equal volumes of acids of d 1*5 
and d 14 2, kept at 0° to — 5°.) The solution is poured on ice, 
and the precipitate obtained is crystallised from alcohol. 

4:-Bromo-%-7iitrophenol. — ON - Di acetyl - 3 - ni tr o - 4 -aminophenol was 
slowly added to 10 times its weight of boiling hydrobromic acid 
(d 1*49). Boiling was continued for J hour and the suspension of 
3-nitro-4-aminophenol hydrobromide was then diluted and diazo- 
tised : diazotisation was slow. The excess of nitrous acid was 
removed by addition of urea and the solution obtained was poured 
into a suspension of copper powder in 25% hydrobromic acid. 
The copper slowly dissolved and needles separated. These crystal- 
lised from water in brown needles, m. p. 146-5 — 147*5°, and from 
dilute hydrochloric acid in yellow needles having the same m. p. 

4-Chloro-3-nitrophenol was obtained in a precisely similar manner 
from diacetyl-3-nitro-4-aminophenoL The diazotisation proceeded 
more easily than with the bromo-compound. The product crystal- 
lised from dilute hydrochloric acid in yellow needles, m. p. 127 — 
128°. 

3-Bromo-2-mtrophenol was prepared by Hodgson and Moore’s 
method (J., 1926, 157). In the intermediate sulphonation we 
obtained good results with 20% oleum, but with acid of the com- 
position (27 % oleum) used by Hodgson and Moore, our sulphonation 
mixture set almost solid and would not dissolve even in a large 
quantity of concentrated sulphuric acid. 

%-Bromo-2~nitrophenyl pdoluenesulphonate , readily obtained in 
the usual way, crystallised from alcohol, in which it was very 
sparingly soluble, in colourless rectangular plates, m. p. 136*5 — 
137*5° (Bound : Br, 21*4. C 13 H 10 O 5 NBrS requires Br, 2T5%). 

Z-Bromo*2-aminophenyl p - Toluenesulphonate . — The preceding 
nitro-compound was reduced with a mixture of 2 parts of crystalline 
stannous chloride, 2 parts of concentrated hydrochloric acid, and 
7 parts of glacial acetic acid at 100°. Much alkali was added and 
the suspension produced was extracted with ether. Evaporation 
of the dried ethereal extract, followed by crystallisation fromalcohol, 

KK 
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gave colourless needles of the amino- compound, m. p. 120 — 121° 
(Found : Br, 23*6. C 13 H 12 0 3 NBrS requires Br, 23*4%). 

2 : S-DibromophenoL — The amino -compound was diazotised in 
concentrated sulphuric acid at 15— 20°, with a solution of sodium 
nitrite in concentrated sulphuric acid prepared at — 10°. The 
reaction mixture was poured on ice; A small portion was found 
to couple normally with alkaline (3-naphthol, and the main portion 
was added to cuprous bromide-hydrobromic acid. The resulting 
solution was heated on a boiling water-bath under reflux for § hour 
and then distilled in steam. The white solid that passed over 
was dried over concentrated sulphuric acid (desiccator) and crystal- 
lised from light petroleum (b. p. 40 — 60°). The 2 : 3 -dibromophenol 
obtained formed stout prisms, m. p. 68— -69° (Found : Br, 63*6. 
C 6 H 4 OBr 2 requires Br, 63*6%). It is much less soluble iii light 
petroleum than 2 : 3-dichlorophenol and is very much less: volatile. 

Monobromination of Wet m -Nitrophenol. — (a) When a dilute 
solution of bromine (1 mol.) was added to a cold dilute solution of 
m-nitrophenol (1 mol.) and anhydrous sodium acetate (1 mol.) in 
glacial acetic acid, a mixture of substances was formed, the examin- 
ation of which led to no positive results. 

(b) A solution of 20 g. of m-nitrophenol and 8*8 c.c. of bromine 
in 30 c.c. of glacial acetic acid was gently boiled under reflux for 
2 hours; it then became almost colourless. The solvent was 
evaporated on a boiling water-bath and the residue, which became 
crystalline on cooling, was dissolved in dilute aqueous alkali. 
Addition of acid precipitated an almost colourless solid which, after 
being crystallised from dilute hydrochloric acid, melted at 117 — 
120°, and after a further crystallisation from light petroleum (b. p. 
80—100°), at 118-5—121° (Found : Br, 36-4. C 6 H 4 0 3 NBr requires 
Br, 36*7%). The following experiments show that this substance 
is 2-bromo-5 -nitrophenol. 

2-Bromo-o-nitrophenyl ^-tolumesulphonate was formed in good 
yield by the usual process ; it crystallised from alcohol in colourless 
plates, m. p. 131*5 — 132*5° (Found : Br, 21*6. C 13 H 10 O 5 NBrS 
requires Br, 21*5%). 

2~Bromo-5-aminophenyl p-toluenesulphonate , obtained by the 
reduction of the nitro-compound with stannous chloride, hydro- 
chloric acid, and acetic acid, crystallised from alcohol in colourless 
bunches of prisms, m. p. 135 — 136° (Found: Br, 23*3. 
OjgH^OgNBrS requires Br, 23*4%). 

.2 : 5-Bibromophenol. (a) The last-named amino-compound was 
diazotised in concentrated sulphuric acid exactly as described 
under the preparation of 2 : 3-dibromophenol. The steam-distilled 
2 : was dried over concentrated sulphuric acid 
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(desiccator) and then crystallised from light petroleum (b. p. 40 — 
60°) ; it formed prismatic needles, m. p. 73 — 74° (Found : Br, 
63-4. C 6 H 4 OBr 2 requires Br, 63-6%). It was readily converted 
into 2 : 5-dibromophenyl p-toluenestilphonate , which separated from 
alcohol in colourless prisms, m. p. 109 — 110° (Found : Br, 39-7. 
Ci 3 H 10 O 3 Br 2 S requires Br, 39*4%). 

(b) 2 : 5-Dibromoaniline (44 g.), obtained in good yield by re- 
ducing 2 : 5-dibromonitrobenzene by West’s method, was dissolved 
in 150 c.c. of warm concentrated sulphuric acid. The solution was 
cooled to room temperature and treated with a solution of 13 g. 
of sodium nitrite in 150 c.c. of concentrated sulphuric acid (prepared 
at — 10°). After an hour, 150 c.c. of water were added and the 
resulting, solution, after addition of purified sand, was heated under 
reflux over a small flame for 2 hours. (A small portion of the diluted 
diazo -solution coupled readily with alkaline (3-naphthol.) The whole 
was then distilled in steam, 37 g. of 2 : 5 -dibromophenol, containing a 
trace of 2 : 5-dibromoaniline, passing over. The phenol was freed 
from the base by solution in alkali and filtration and then recovered 
by acidification ; it had m. p. 73 — 74°, b. p. 256 — 257° (corr.) /7 55 mm. 
The ^-toluenesulphonyl derivative melted at 109 — 110°. 

Mixtures of the phenols or of their p-toluenesulphonyl derivatives 
obtained by methods (a) and (b) had the same m. p. as those of the 
single substances. 

Mo?iobromination of Dry m~Nitrophenol. — (1) A current oi dry 
carbon dioxide was passed through bromine and then through 
10*5 g. of m-nitrophenol heated at 120 — 140°. When the calculated 
increase of weight had occurred, the product was freed from the 
excess of bromine by a rapid current of carbon dioxide and at once 
dissolved in excess of dilute sodium hydroxide solution. After 
addition of dilute hydrochloric acid, yellow needles of 4-bromo- 
3-nitrophenol separated for some time, and later, an oil made its* 
appearance. At this stage the liquid was filtered and the .solid was 
crystallised from dilute hydrochloric acid, 7 g. of the 4-bromo- 
compound, m. p* 146-5 — 147*5°, being obtained. 

(2) m-Nitrophenol (28 g.) was brominated, the weight being 
allowed to increase to 43 g. When the product was worked up as 
before* 22 g, of pure 4-bromo-3-nitrophenol were obtained. 

The products from both experiments did not depress the m. p. 
of 4-bromo-3-nitrophenol prepared from diacetyl -^-aminophenol. 

Attempted Monobromination of 4 -Bromo - Z-nitrophenol . — When 
the monobromo-compound (1 mol.), dissolved together with 1 mol. 
of anhydrous sodium acetate in glacial acetic acid, was treated with 
1 mol. of bromine dissolved *in the same solvent, a mixture was 
obtained containing unchanged 4-bromo-3-nitrophenol. 
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Attempted Monobromiriation of 2 -Bromo-5 -nitrophenol . — This 
appeared to proceed readily. The acetic acid was evaporated, and 
the hard solid obtained (on cooling) crystallised from light petroleum 
(b. p. 80 — 100°). The product had the appearance of an individual 
substance, but melted at 68 — 108°. 

Monochlorinatio7i of m- Nitrophenol. — Chlorine was passed into 
m -nitrophenol (42 g,) at 120 — 140° until the weight increased by 
9-5 g. A rapid current of carbon dioxide was passed through the 
molten product until the excess of chlorine had disappeared and the 
whole was then dissolved in dilute alkali solution. Dilute hydro- 
chloric acid was added until no further evident precipitation occurred 
and the yellow needles produced were washed and dried (14 g.). 
After crystallisation from dilute hydrochloric acid, 12 g. of pure 
4-chloro-S-nitrophenol, m. p. 127 — 128°, were obtained. The 
mother-liquor from the first filtration was strongly acidified, and 
filtered after some time : the yellow precipitate obtained, having 
been washed and dried, weighed 16 g. and after crystallisation 
from dilute hydrochloric add gave 10 g. of 2 -chloro - 3 -nitrophenol, 
m. p. 120° (Found: Cl, 19*6. Calc,; Cl, 20*0%). The mother- 
liquor from the second precipitation was evaporated to a small 
bulk under reduced pressure and then extracted with ether . Evapor- 
ation of the extract gave 12*5 g, of an oily mixture of chloro-com- 
pounds. The total yield of crude chloro-compounds was 85% of 
the theoretical yield. 

The 4-chloro -3-nitrophenol obtained produced no depression of 
the m. p. of the material prepared from ON -diacetyl-m-nitro- 
p-aminophenol. 

The 2-chloro-3-nitrophenol was reduced with iron, hydrochloric 
acid, and alcohol, and the filtered solution evaporated to dryness. 
Diazotisation, followed by addition of copper powder and hydro- 
chloric acid, gave 2 : 3-dichlorophenol, m. p. 56 — 57° : this de- 
pressed the m. p. of 2 : 5-dichlorophenol (m. p.” 57°). 2 : 3-Di- 
chlorophenol is extraordinarily volatile, and vacuum desiccation 
over sulphuric acid and phosphoric oxide was accompanied by 
considerable loss. This property and the intense odour of the 
compound appear to differentiate this dichlorophenol from its 
isomerides (compare Holleman, Bee. trav . chim,, 1917, 37, 96), 
and the volatility accounts for the poor analytical figure obtained 
(Found in air-dried specimen : 0,41-7* Calc.: 0,43*6%). 

Some of the preliminary work on the dibromodinitrodiphenyl 
ether was earned out by Miss G. L Sharp, jB.Sc. 

Bedfobc 

Univebsity ob London. [Received, January 30 th, 1930.] 
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CXV . — The Unsaturation and Tautomeric Mobility 
of Heterocyclic Compounds. Part II. a- and ftp- 
Naphthathiazoles. 

By Robert Fergus Hunter and John William Thomas Jones. 

Ring closure, producing the heterocyclic nucleus in a-naphtha- 
thiazoles (I) and in benzthiazoles (II), takes place much more readily 
in the former than in the latter case : for instance, (1) the ratio of 


(I-) 



rV% B <«■> 


the yields of the 1-chloro-derivatives (I and II ; B = Cl) obtained 
from the corresponding arylthiocarbimides and phosphorus penta- 
chloride under similar conditions (Hofmann, Ber 1879, 12, 1126) is 
62 : 15 ; (2) oxidation of (3-naphthylthiourethane and of phenvl- 
thiourethane with alkaline ferricyanide at 80 — 90° gives 60% and 
40% yields, respectively, of the corresponding ethoxythiazoles 
(I and II; E = OEt) (Jacobson, Ber., 1886, 19, 1069); and (3) the 
action of bromine on 5-phenyl- (3 -naphthylthiocarbamide yields solely 
1 -anilino- a-naphthathiazole (I ; B = NHPh), no trace of the isomeric 

1- | %-naphthylaminobenzthiazole (II; E ~ ]STH*C 10 H 7 ), which has 
been synthesised from 1-chlorobenzthiazole and (3-naphthylamine, 
being isolable. These results are evidently conditioned by the high 
reactivity of the a-hydrogen atom of the naphthalene nucleus. 

The aromatic nature of the heterocyclic nucleus in a-naphtha- 
thiazole is manifested in the alkylation of semi-cyclic amidines 
containing this complex (III IV). For instance, the methyl- 

(HI.) c 10 h 8 <|>c-nhr ^ c 10 h 6 <|^>c:nr ( iv.) 

ation of 1 -amino- a-naphthathiazole (III ; B = H) yields l-imino* 

2- methyl-l : 2-dihydro - a -naphthathiazole , unaccompanied by the 
isomeric l^methyhmino^naphthathiazole (compare Hunter, J., 1926, 
1385; Hunter and Styles, J., 1928, 3019). l-(3-Naphthylamino- 
a-naphthathiazole (III ; B = C 10 H 7 ) behaves similarly and yields 
only l-$-7iaphthylimino«2-methyl-l : 2-dihydro-oL-naphthathiazole on 
methylation, although it contains the (3-naphthyl group which might 
exert a conjugating influence favouring the iminodihydro-phase (IV), 
similar to that of the phenyl group in the three-carbon system 
(Linstead and Williams, J., 1926, 2735; Linstead, J., 1929, 2501). 
The isomeric 1-methyl- ^Tiaphthylamino-^naphthathiazole has been 
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obtained from 1 -chloro- y.-naphthathiazole and methyl- (3-naphtliyl- 
amine and also by the action of bromine on methyl-s-di- $-naphthyl- 
thiocarbamide , C 10 H 7 *]SnVle*CS*]SrH*C ]LO H 7 . 

The methylation of 1 -hydroxy -a-naphthathiazole is analogous to 
that of 1 -hydroxy benzthiazole (Hunter, this vol., p. 128), the sole 
product being the ketomethyldihydro- derivative (V), whose con- 
stitution follows from its synthesis from l-nitrosoimino-2-methyl- 
1 : 2-dihydro- u-naphthathiazole (VI). 

(V.) c 10 H 6 <§^>co c 10 h 6 <^>c:n-no ( vd 

™ COO 1 *" 

3-Bromo-l-amino-$$-naphthathiazole (VII) has been obtained from 
1-bromo-P-naphthylamine by way of the thiocarbimide and thio- 
carbamide in the usual way (compare Fries, Annalen, 1927, 454, 260). 

Experimental. 

Considerable difficulty was encountered in preparing (3-naphthyl- 
thiocarbimide by the methods given in the literature. It was most 
readily obtained by boiling a mixture of s-di~ (3-naphthylthiocarb- 
amide (50 g.) and acetic anhydride (100 c.c.) for 3 minutes, diluting 
the solution with hot water, and isolating the thiocarbimide by 
prolonged distillation in steam superheated to 140°. The yield never 
exceeded 30%. The thiocarbimide to be used for the preparation of 
the chloronaphthathiazole was melted over calcium chloride and 
redistilled in a vacuum, the fraction, b. p. 182 — 184°/12 mm., being 
separately collected. 

1-Chloro-oL-naphthathiazole . — A mixture of 14 g. of (3-naphthyl- 
thiocarbimide and phosphorus pentachloride (16 g.) was heated in a 
sealed tube at 160 — 180° for 5 — 6 hours, and the product fraction- 
ated. After removal of phosphorus trichloride and a small quantity 
of unchanged thiocarbimide (I83°/15 mm.), the chlorothiazole 
distilled at 260 — 270°/15 mm. The yield after redistillation and 
crystallisation from alcohol was 62% ; m. p. 80°, b. p. 245 — -246°/ 
13 mm. (Found: Cl, 16*0 ; S, 14*8. C n HeNClS requires a, 16*1; 
S, 14*5%). 

•x, 1 -Hydroxy- cz-naphthathiazole . — A solution of the chloronaphtha- 
tBazole (0*8 g.) in absolute alcohol (20 c.c:) was diluted with 4 c.c. 
of dqpcentrated hydrochloric acid, heated for 20 hours under reflux, 
and Evaporated on a steam-bath. On recrystallisation from alcohol, 
the hydroxy-base formed aggregates of shining prisms, m. p. 230— 
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231° (Found : S, 16*2. C n H 7 ONS requires S, 15*9%). This 
compound is less soluble in alkalis than the benzthiazole analogue. 

Amino- ^naphthathiazole. — Although Hofmann states (Her.* 
1879, 12, 1126) that 1-aminobenzthiazole is obtained by digesting 
1-chlorobenzthiazole with alcoholic ammonia at 100°, the chloro- 
naphthathiazole was recovered unchanged under such conditions, 
and also after being heated in a sealed tube (05 g, of the chloro-base) 
with alcoholic ammonia (5 c.c. of alcohol and 2 c.c. of ammonia, 
d 0-880) at 100—140° for £ hour. 

(i) A mixture of 0-5 g. of 1-chloro-a-naphthathiazole and 5 c.c. of 
ammonia ( d 0-880) was heated at 200° for 18 hours. On recrystallis- 
ation from alcohol, 1 -amino- a-naphthathiazole was obtained, m. p. 
258° alone and when mixed with the specimen prepared from 
(3-naphthylthiocarbamide (previously given, J., 1926, 1400, as m. p. 
249—251°; the compound is there erroneously named “2-amino- 
a-napht hat hi azole ”). The identity was further confirmed by the 
formation of the same acetyl derivative, (ii) Treatment of a 
suspension of |3-naphthylthiocarbamide (m. p. 194°; Cosiner, Her., 
1881, 14, 59, recorded m. p. 180°, and Hector, Her., 1890, 23, 362, 
m. p. 186°) (1 g.) in chloroform (10 c.c.) with bromine (1 c.c. in 
1 c.c. of chloroform) yielded a yellow hydrotribromide, which sintered 
at 160 — 161° after drying in a vacuum [Found : Br, 54-8. 
C n H 8 N 2 S,HBr(Br 2 ) requires Br, 54-4%]. On reduction with 
sulphurous acid, basification with ammonia, and recrystallisation 
from methyl alcohol, this gave the aminonaphthathiazole in plates, 
m. p. 257° (Found : S, 16*2. Calc. : S, 16-0%). 

1-Acetamido-u-naphthathiazole . — (i) The product of acetylation of 
the amino-base with acetic anhydride separated from benzene- 
ethyl acetate in soft crystals, m. p. 265° (Fotmd : S, 12-9. 
C 13 H 10 ON 2 S requires S, 13-2%). 

Hugershoff ( Ber 1899, 32, 3649) states that treatment of 
[3-naphthylthiocarbamide with acetic anhydride at 80 9 yields os- 
acetyl- p-naphthylthiocarbami de, C 10 H 7 *NAc*CS*NH 2 , which iso- 
merises to 5-acetyl- (B-naphthylthiocarbamide, C 10 H 7 -NH-CS*NHAc , 
m. p. 158°, at its melting point. The product which we isolated from 
P-naphthylthiocarbamide and acetic anhydride at 80° had m. p. 
145 — 147° and proved to be a mixture containing unchanged 
naphthylthiocarbamide. On the other hand, $-acetyl-(3-naphthyl- 
thiocarbamide was readily prepared by dissolving (3-naphthyl- 
thiocarbamide in an excess of acetic anhydride at 80° (compare 
Hunter and Pride, J., 1929, 944); it melted at 171 — 172° after 
recrystallisation. 

(ii) The solution obtained from 0*3 g. of s-acetyl-[3-naphthyl- 
thiocarbamide, 6 c.c. of chloroform, and 0-5 c.c. of bromine was heated 
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under reflux for 2 minutes, and the orange bromo-addition compound 
(m. p. 154 — 156°) obtained was reduced with sulphurous acid. On 
recrystallisation from boiling alcohol, the acetamidonaphtha- 
thiazole formed plates, m. p. 264° alone and when mixed with the 
specimen obtained in (i). 

1 -Ethoxy- <x-naphthathiazole. — 10 G. of (3-naphthylthiourethane 
(m. p. 96°; prepared in 95% yield by heating a solution of the 
thiocarbimide in absolute alcohol, containing a few drops of quinoline, 
under reflux for 4 hours) were rubbed with a small quantity of 
alcohol and dissolved in 75 c.c. of 30% aqueous sodium hydroxide. 
The solution was diluted with water to 200 c.c. and added in 20 c.c.. 
portions at 5-minute intervals to 300 c.c. of a well-stirred 20% 
solution of potassium ferricyanide at 85° ; the cooled mixture was 
extracted with ether, and the product recrystallised from alcohol 
(yield, 5*9 g. ; 60%). The ethoxy-base formed needles, m. p. 80° 
(Found : S, 14-1. CjgH^ONS requires S, 14*0%). 

Hydrolysis. 1 -Ethoxy- a-naphthathiazole (1 g.) was heated with 
7 c.c. of hydrobromic acid {d 1-45) for 15 minutes ; the mixture was 
diluted with water (10 vols.), and the product recrystallised from 
alcohol-ethyl acetate (animal charcoal), 0-4 — 0*5 g. of 1-hydroxy- 
a-naphthathiazole being obtained, m. p. 231° alone and when mixed 
with the specimen obtained from the chloronaphthathiazole. 

1 -Ethoxybenzthiazole. — A similar experiment with 10 g. of phenyl- 
thiourethane gave 4 g. of 1-ethoxybenzthiazole (yield, 40%), which 
was characterised by its hydrolysis to 1-hydroxybenzthiazole, m. p. 
138° (Hunter, this vol„ p. 135). 

1-fi-Naphthylaminobenzthiazole. — When a mixture of 1-chlorobenz- 
thiazole (1 g.) and p-naphthylamine (0*8 g.) was heated, a vigorous 
reaction took place. The product was extracted with alcohol, the 
extracts were decolorised with animal charcoal and evaporated on a 
steam-bath, and the residue was basified and recrystallised from 
methyl alcohol-ethyl acetate. The naphthylaminobenzthiazole 
(yield, 60%) formed small silky needles, m. p. 191—192° (Found : S, 
11*8. C 17 H 12 N 2 S requires S, 11-6%). The acetyl derivative could 
not be crystallised. 

. 1 -Anilino- a-naphthathicozole . — The tenacious gum obtained by 
cond e ns ing 1-chloro- a-naphthathiazole (1 g.) with aniline (0*5 c.c.) 
solidified on treatment with hot aqueous ammonia (d 0*880). On 
recrystallisation from methyl alcohol-ethyl acetate, l-anilino- 
a-naphthathiazole was obtained in soft silky needles, m. p. 211 — 212° 
(Found : S, 11*7. G 17 H 12 N 2 S requires S, 11*6%). 

Condensation of Phenylthiocarbimide with (3 -N aphthylamine . — 
6*5 C.c. of phenylthiocarbimide were added to a boiling solution of 
7 g. of ^naphthylamine in absolute alcohol (70 c.c.) ; the mixture 
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became semi-solid owing to the separation of the phenylnaphthyl- 
thiocarbamide (yield, 13 g. ; m. p. 161 — 162°). On recrystallisation 
from ethyl acetate and thereafter from amyl acetate, s-phenyl- 
[3 - napht hy lthioc arb amide was obtained in silvery plates, m. p. 166 — 
167° (Found: S, 11*8. Calc.: S, 11*6%). Mainzer ( Ber ., 1882, 
15, 1471), Freund and Wolf (Ber., 1892, 25, 1468), and Wheeler 
(J. Amer. Ckem . Soc 1901, 33, 226) give the m. p. as 157°, 163°, and 
182 — 183°, respectively. 

Condensation of $-Naphthylthiocarbimide with Aniline. — Owing to 
the readiness with which [3-naphthylthiocarbimide combines with 
alcohol in the presence of amines, this condensation was carried out 
in benzene solution. After recrystallisation, the product had m. p. 
166°, alone and when mixed with the phenylnaphthylthiocarbamide 
described above. 

Wheeler's “ Phenylnaphthylthiocarbamide ” — A mixture of 1 g. of 
(3-naphthylamine and 1*5 c.c. of phenylthiocarbimide was heated 
until it boiled ; the product, which solidified on cooling, was re- 
crystallised from amyl acetate* It formed ill-defined crystals, m. p. 
182 — 184° (softening at 175°), and m. p. 188 — 189° after extraction 
with boiling alcohol, in which it was very sparingly soluble. From 
its properties and the m. p. of its mixture with a genuine specimen 
(m. p. 193 — 195°), Wheeler’s product (loc. cit.) was evidently s- di-jB- 
naphthylthiocarbamide. Its mixture with a genuine specimen of 
5 -phenyl- p-naphthylthiocarbamide melted at 158 — 159°. 

It appears probable that 5-phenyl- (3-naphthylthiocarbamide is 
formed initially in Wheeler’s experiment and then undergoes 
decomposition at the elevated temperature attained during the 
condensation. This supposition is borne out by the following 
experiment. 

Thermal Decomposition of s-Phenyl - fi-naphthylthiocarbamide . — 
1 G. of the thiocarbamide was kept at 220 — 230° for 2 minutes, 
hydrogen sulphide being evolved. The product, which crystallised 
on cooling, was repeatedly extracted with boiling alcohol, finely 
ground, and re-extracted with boiling alcohol and thereafter with 
ethyl acetate. The residue melted at 191 — 193°, and at 192-^194° 
when mixed with a genuine specimen of 5 -di- (3-naphthylthiocarb- 
amide. 

The alcoholic extracts yielded 5-phenvl- (3-naphthy lthioc arbamide 
and some phenylthiocarbimide on evaporation, but the presence of 
thiocarbanilide could not be detected. 

The Action of Bromine on s-PJmiyl- $-naphthylthiocarbamide.—A 
suspension of 3 g. of the thiocarbamide in 30 c.c. of chloroform was 
treated with bromine (1*2 c.c. in 3 c.c. of chloroform) (an excess of 
bromine, such as is normally used in the Hugershoff reaction, causes 
kk2 
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the production of ill-defined bromo-substitution derivatives) and the 
mixture was heated under reflux for 3 minutes, cooled, and evapor- 
ated to dryness under reduced pressure at laboratory temperature. 
The product was dissolved in chloroform, the solution shaken with 
sulphurous acid, and the reduction completed by passage of sulphur 
dioxide. On basification and removal of the chloroform, a base, 
m. p. 202 — 205°, was obtained which on recrystallisation from ethyl 
acetate yielded 2*2 g. of 1-anilino-a-naphthathiazole, m. p. 206 — 
211°. The mother-liquor furnished a further 0*7 g. of the same base 
(m. p. ca . 200°). On recrystallisation both fractions had m. p. 211°, 
alone and when mixed with the specimen of 1-anilino-a-naphtha- 
thiazole obtained from 1-chloro-a-naphthathiazole (p. 944). No 
trace of the isomeric naphthylaminobenzthiazole was found. . 

1 -p-Bromoanilino- a-naphthathiazole , which could not be obtained 
by the bromination of 1-anilino-a-naphthathiazole in chloroform, 
was prepared by the condensation of 1-chloro-a-naphthathiazole and 
p-bromoaniline ; it formed small prisms, m. p. 250° (Found : Br, 
22*8. C 17 H 11 N 2 BrS requires Br, 22-5%). 

M ethylation of 1 -Amino- a-naphthathiazole and the Synthesis of 
Y-Imino-2-rnethyl-Y : 2 -dihydro- a-naphthathiazole and of 1-Methyl- 
amino-a-naphthathiazole from the Corresponding Naphthylmethyl - 
thiocarbamides . — A mixture of 1 -amino- a-naphthathiazole (2*6 g.) 
and methyl iodide (3 c.c.) was heated in a. sealed tube at 100° for 
15 hours. The product was basified with alcoholic potash and the 
mixture was diluted with water and extracted with ethyl acetate, 
1-45 g. of l-imino-2-methyl-l : 2 -dihydro -a-naphthathiazole, m. p. 178°, 
being obtained (Found : S, 15*0. C 12 H 10 N 2 S requires S, 14*9%) 
unaccompanied by any trace of the 1-methylamino-isomeride. 

Methyl- p-naphthylamine was conveniently prepared as follows : 
Sodium (1 atom) was dissolved in a hot solution of aceto-p-naphthal- 
ide (20 g.) in xylene (200 c.c.). After 15 minutes, crystallisation 
commenced, methyl sulphate (30 c.c.) was added to the semi-solid 
mass, and the mixture heated for 5 minutes. The xylene was then 
distilled in steam, and the product heated with alcoholic potash for 
24 hours ; the alcohol was evaporated on a steam-bath, and the 
mixture diluted with water and extracted with ether. Distillation 
of the residue obtained after removal of the ether yielded 8*5 g. of 
the methylnaphthylamine, b. p. 189°/30 mm. (yield, 50%). 

as-j l-Naphthylmethylthiocarbamide, prepared from the methyl- 
naphthylamine, hydrochloric acid, and potassium thiocyanate at 
100° (compare Hunter and Styles, J., 1928, 3025), separated from 
ethyl acetate in small crystals, m. p. 170° (Found: S, 14*7. 
requires S, 14*8%). 

e Reaction with bromine* A solution of o^-P-naphthylmethylthio- 



MOBILITY OF HETEROC Y CLIO COMPOUNDS. PART II. 947 


carbamide (0*5 g.) in chloroform (5 c.c.) was treated with bromine 
(0-2 c.c. in 2 c.c. of chloroform) and the mixture was heated under 
reflux for 10 minutes and then shaken with excess of sulphurous acid. 
The chloroform was evaporated on a steam-bath, and the product 
basified and recrystallised from alcohol-ethyl acetate, giving 1-imino- 
2-methyl-l : 2-dihydro-a-naphthathiazole, identical with the speci- 
men already described. 

s-fi-Naphthylmethylthiocarbamide, prepared by condensing p- 
naphthylthiocarbimide with metHylamine in hot alcoholic solution, 
crystallised in large prisms, m. p. 130° (Found : S, 15*6%). 

l-Methylamino-v-naphthathiazole , prepared as in the case of the 
isomeric iminomethyldihydronaphthathiazole, crystallised in small 
needles, m. p. 189° (Found : S, 14*7%). 

1-P-Naphthylamino-a-naphthathiazole, prepared by condensing 
P-naphthylamine with 1-chloro-a-naphthathiazole, had m. p. 222° 
alone and when mixed with a specimen preparedfrom $-di-(3-naphthyl- 
thiocarbamide (Hunter, J., 1925, 127, 2270). It is most conveniently 
prepared from the dinaphthylthiocarbamide in the same w r ay as 
1-anilino-a-naphthathiazole is obtained from s-phenyl-p-naphthyl- 
thiocarbamide (p. 945). 

Methylation of l-fi-Naphthylamino-vL-naphthatliiazole. — The paste 
obtained from 1 g. of 1-p-naphthylamino-a-naphthathiazole and 
3 c.c. of chloroform w*as suspended in 50 c.c. of water containing 
10 g. of potassium hydroxide and well shaken with 5 c.c. of methyl 
sulphate, and again after addition of a further 5 g. of potassium 
hydroxide and 5 c.c. of methyl sulphate; after J hour the mixture 
was boiled to remove the chloroform. Recrystallisation of the 
product from alcohol yielded 1 g. of l-$-naphthylimino~2-methyl-l : 2- 
dihydro-a-naphthathiazole (Found : S, 9*5. C 22 H 16 !N 2 S requires S, 
9*4%), unaccompanied by 1-methyl-p-naphthylamino-a-naphtha- 
thiazole. 

Synthesis of 1 -Methyl~[i-napKthylamino-&~naphthathiazole from 
M ethyls -di- p -naphthylthiocarbamide and from l~Chbro-u~naphtha~ 
tMazole and M ethyl - [i-naphthylamine. — M ethyl-s-di-fi-mphthylthio- 
carbamide , prepared by condensation of p-naphthylthioearbimide and 
methyl-p-naphthylamine in alcohol, crystallised in soft white plates, 
m. p. 178° (Found : S, 9*5. C a2 H 18 N 2 S requires S, 9*4%). 

A solution of this thiocarbamide (0*3 g.) in chloroform (4 c.c.) was 
treated with 1*6 c.c. of a, 10% solution of bromine in the same solvent 
and the mixture was heated under reflux for 5 minutes, cooled, 
reduced with sulphurous acid, and basified. On recrystallisation 
from ethyl acetate, , l-methyl-fi-naphthylamino-U'-naphtliaihiazole 
formed sinning prisms, m. p. 235° (Found : S, 9*2. C 22 H 16 N 2 S 
requires S, 9*4%). The picrate, prepared from acetone solutions of 
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the base and picric acid, formed yellow prisms, m. p. 278°, identical 
with the picrate described below (mixed m. p. 281°). 

A mix ture of 0-3 g. of 1-chloro-a-naphthathiazole and an equal 
quantity of methyl- (3-naphthylamine was heated ; on basification an 
unerystallisable gum was obtained, which was converted into the 
picrate , yellow prisms, m. p. 282°, in the usual way (Found : S, 5*6. 
C 22 Hi 6 ^ 2 S,C 6 H 3 0 7 N3 requires S, 5*6%). 

M ethylation of 1 -Hydroxy- oc-naphthaihiazole and the Synthesis of 
l-Keto-2-methyl-l : 2-dihydro- a-naphthathiazole from Y-Imino-2- 
methyl-l : 2 -dihydro - a - naph thath iazole . — A solution of 0*5 g. of 
1 -hydroxy- a-naphthathiazole in 5 c.c. of chloroform was shaken with 
6 c.c. of 30% potassium hydroxide solution and 4 c.c. of methyl 
sulphate, the mixture was heated under reflux for 5 minutes, 
a further 2 g. of potassium hydroxide and 2 c.c. of methyl sulphate 
were added, and the heating was continued for a short time. On 
removal of the chloroform, l-keto-2-methyl-l : 2-dihydro-a-naphtha - 
thiazole was obtained in long needles, m. p. 135 — 136° (Found : S, 
15*2. 0 12 H 9 0KS requires S, 14*9%). 

Y-N itrosoimino-2-methyl- 1 : 2 -dihydro- a - naphthathiazole , prepared 
from the 1-imino-compound in glacial acetic acid and sodium nitrite 
(compare Hunter, this vol., p. 145), formed small orange-yellow 
crystals, which exploded at 165° (Found : S, 12*8. C 12 H 9 ON 3 S re- 
quires S, 13*2%). 

When the nitrosoimino-compound was heated in xylene until 
nitrogen ceased to be evolved, and the product crystallised from 
methyl alcohol, the keto-compound described above was obtained. 

Synthesis of Z-Bromo-l-amino-$$-naphthathiazole, — A solution of 
3 g. of 1 -bromo - p -napht hy lamine in 20 c.c. of chloroform was 
gradually added with continuous shaking to a suspension of thio- 
carbonyl chloride (1*5 c.c.) in water (10 c.c.). After 4 hour the 
chloroform and the excess of thiocarbonyl chloride were removed, on 
a steam-bath, through a fractionating column; the 1 -brdmo-$- 
naphthylthiocarbimide , rapidly crystallised from alcohol, formed 
small crystals (1*2 g.) 3 m. p. 90° (Found : Br, 29*5. C n H 6 NBrS 
requires Br, 30*3%). 

l~BromQ-$-napJdhylihiocarbamide, prepared from the thiocarbimide 
and ammonia in alcoholic solution, formed white plates, m. p. 204° 
(Found: Br, 28*5. C 11 H 9 N 2 BrS requires Br, 28*5%). 

A suspension of 1 g. of the thiocarbamide in chloroform (10 c.c.) 
was heated under reflux with 1 c.c. of bromine for 10 minutes ; the 
bromo-addition compound which separated was reduced with 
sulphurous acid. The %-bromo-l -amino-^-napWiathiazole separated 
from etl^yl acetate in small prisms, m. p. 250° (Found : Br, 28*8, 
requires Br, 28*7%). The acetyl derivative, obtained 
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from the base and acetic anhydride in the usual way, formed small 
needles, m. p. 289° (Found : S, 10-0. C 13 H 9 01Sr 2 BrS requires S, 
10 - 0 %). 

The authors wish to express their gratitude to Professor J. F. 
Thorpe, F.R.S., for his interest in this work, and to the Trustees of 
the Dixon Fund of the University of London for grants which have 
defrayed the cost of the materials. 
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CXVL — The Calculation of Activity Coefficients from 
Solubility Measurements : Thallous Chloride . 

By Herbert Edward Blayden and Cecil Whitfield Davies 

The study of activities by the method of solubility measurements 
with a sparingly soluble salt in the presence of other electrolytes has 
led to the following generalisations ; (1) in very dilute solutions the 
results furnish a striking verification (Bronsted, Trans. Faraday JSoc 
1927, 23, 416) of the Debye-Hiickel theoretical equation — lo g/ ± = 
AVp, where f ± is the mean ion activity coefficient, jx is the ionic 
strength of the solution, and the constant A has the value 0-505 for 
a uni-univalent salt in aqueous solution at 25° ; (2) at concentrations 
greater than OOlifef, log / ± no longer gives a linear relation with Vjx 
and depends, moreover, on the nature of the added electrolyte. 
Thus, Harned (Taylor’s “ Treatise on Physical Chemistry, 5 ’ 1925, 
p. 774), speaking of the data on thallous chloride (shown by the series 
of broken curves in Fig. 2 of this paper), says “ . . the influence of 
one electrolyte on the activity coefficient of another is a problem of 
great complexity. Each mixture exhibits individual behavior 
even in solutions of ionic strength as low as 0*03/ 5 
These conclusions are widely accepted, but the figures on which 
they rest are all based on the assumption that the salts employed are 
completely dissociated, an assumption which in some instances is 
invalid. The present paper deals with thallous chloride, the dis- 
sociation constant of which is known, and it is shown (1) that in very 
dilute solutions the value of A for this salt is much lower than the 
Debye-Hiickel value 0*505, and (2) that when allowance is made for 
incomplete dissociation, the apparent complexity of the curves 
disappears, and the activity coefficient is independent of the nature 
of the other ions present, up to concentrations of 0*1 N. Further, 
this new relationship is shown to be of value for estimating the degree 
of dissociation of other electrolytes of unknown strength. 
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Dissociation Constant of Thallous Chloride.— The dissociation con- 
st-ant of thallous chloride has been found from conductivity data 
at 18° to be K = 0-31 (Onsager, Physical. Z ., 1927, 28 , 277) or 
K = 0-30 (Davies, Trans. Faraday Soc ., 1927, 23 , 354). This value 
has been confirmed by a rather different method (Davies, “ Con- 
ductivity of Solutions/' 1930, p. 141) : by evaporating a saturated 
solution, the Earl of Berkeley (Phil. Trans., 1904, A, 203 , 208) 
found the solubility of the salt to be 0*0132 g.-equiv. per litre 
(interpolated value at 18°), and by the conductivity method Kohl- 
rausch (Z. physikal. Chem 1908, 64, 129) found the value 0*01278 
g.-equiv. per litre; the latter figure really represents the ionic 
concentration of the saturated solution, and the difference between 
the two values, viz., 0*0004 2 , gives the concentration of undissociated 
molecules. This agrees very well with the value, 0*00044, calculated 
from the dissociation constant K = 0*30. 

Solubility Measurements. — The solubility of thallous chloride has 
been measured at 25° in the presence of numerous salts (Noyes, 
ibid., 1892, 9 , 609 ; J. Amer. Chem. Soc., 1924, 46 , 1107 ; Bray and 
Winninghoff, ibid., 1911, 33 , 1666; Butler and Hiscocks, J., 1926, 
2558; Randall and Chang, J. Amer. Chem. Soc., 1928, 50 , 1535)* 
The results in the presence of other univalent chlorides will first be 
considered, for here the added electrolyte is completely dissociated. 

Solubilities in the Presence of Chlorides of Univalent Metals. — The 
degree of dissociation of the pure saturated solution of thallous 
chloride is first calculated. In the equation f ± * c^jf u c u = K, where 
c % is the concentration of the ions, f u the activity coefficient of the 
undissociated molecules, and c u their concentration, we can put 
K = 0*30, an d f u can be assumed to be equal to unity at low con- 
centrations (compare Randall and Failey, Chem. Reviews , 1927, 4 , 
291); f ± can be calculated from the Debye-Hiickel formula by 
giving A the value 0*505 as a first approximation, and c* + c w = 
0*01612, the solubility of the salt. Solving by successive approxi- 
mations, we find = 0*01552, Cu = 0*00060 ; and for the solubility 
product, S = / ± 2 , Ci 2 = 18*03 X 10" 5 . 

In a 0*025IV r -potassium chloride solution the solubility of thallous 
chloride is 0*00872 (Noyes, loc. cit), whence (with f u — 1), a ~ 
0-00872 - 0*00060 = 0*00812 and fj = S/[CV][Tr] = 18*03 X 10~ 5 / 
0*03312 x 0*00812 = 0*6708, or log/ ± = 1*9133. Eig. 1, Curve 1 
shows the values calculated in this way for other concentrations 
of added chloride plotted against the square root of the ionic strength. 
The points up to 0*1N lie on a straight line, the slope of which should 
give the value of A, but the extrapolation of this cannot be reconciled 
with the limiting value log f ± = 0 when c = 0. This, of course, is 
because the value A == 0*505 was arbitrarily taken in fixing the 
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position of the first point of the curve, whereas the experimental 
points lie on a straight line with the slope 0*40. It will be evident 
that only one value for the factor A can be consistent both with the 
corrected solubility values and with the limiting equation — log/ ± = 
A This value lies very close to 0-40, and has been found by trial 
and error to be A = 0*38. 

It is shown below that this same value holds good when the added 
salt is other than the chloride of a univalent element. In dilute 
solutions, therefore, the mean ion activity coefficient of thallous 



0*1 0-2 0-3 0*4 0*6 


VJT. 

chloride varies with the ionic strength of the solution according to 
the equation — log/= 0-38 VjT. Application of this to the con- 
ductivity figures used in calculating K alters K from 0*30 to 0*284, 
and similarly the solubility figures give 3 = 19*18 x IQ" 5 . The 
data recalculated on this basis are given in Table I and are shown in 
Fig. 1, Curve 2. 

The Value of the Factor A. — It is of interest to compare the value 
A = 0*38 with the results for other uni-univalent electrolytes. 
The Debye-Huckel theory requires the common value 0*505 and the 
measurements of Bronsted and La Mer {J. Amer. Chem . $<?<;., 1924, 
46, 555} on complex cobalt salts are in striking agreement with this. 
On the other hand, some of the most accurate experimental investig- 
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ations have failed to confirm this value. Nonhebel (Phil. Mag., 
1926, 2, 1085), from E.M.F. measurements, and Randall and 
Vanselow (J. Amer. Chem. Soc., 1924, 46, 2418), from freezing-point 
measurements, both find A = 0*39 for hydrochloric acid; further, 
the value 0*38 has previously been found for several organic acids 
(Davies, Phil. Mag., 1927, 4, 244). This value might have been 
regarded as peculiar to the acids, but it now appears to hold also for 
thallous chloride. For other univalent electrolytes, the data 
available, although probably less accurate, have led Noyes (/. Amer. 
Chem. Soc., 1924, 46, 1098) to suggest for them a common A value of 
about 0*41. In view of these results — reached by very diverse 
methods — there seems to be justification for believing that for the 
simple inorganic ions and some, at least, of the organic anions, the 
value of the activity factor A should, in the absence of experimental 
evidence, be assumed to be 0*39 and not 0*50. Further data alone 
can show whether A in reality varies from ion to ion. 

Solubilities in the Presence of Other Salts the Degrees of Dissociation 
of which are known . — The data, calculated on the same basis as 
before, are given in Table I, where the concentrations and 
solubilities (Sol.) are in g.-equivs. per Htre. 


Table I. 

S = 19*18 x 10- 5 . 

Cone. Sol. \//z. — log/± 

Added salt : KC1, NaCl, NH 4 C1 
(Noyes). 

0 0*01612 0*1243 0*0472 

0*025 0*00872 0*1818 0*0707 

0*050 0*00592 0*2350 0*0893 

0*100 0*00397 0*3214 0*1241 

0*200 0*00269 0*4494 0*1628 

Added electrolyte : HC1 (Noyes). 

0*025 0*00869 0*1818 0*0718 

0*050 0*00585 0*2349 0*0884 

0*100 0-00384 0*3212 0*1177 

,0*200 0*00254 0*4493 0-I4SS 

Added salts : Bivalent chlorides 
(Noyes). 

0-625 0*00901 0-2141 0*0824 

0*650 0*00620 0*2838 0*1039 

0*100 0*00467 0*3918 0*1398 

0*200 0*00283 0*5497 0*1805 

The figures for the bivalent chlorides represent the data of Noyes 
for magnesium, calcium, barium, zinc, manganous, and cupric 
chlorides, and it has been assumed that these are completely dis* 
sociated. 

For thallous nitrate the calculations are complicated by the fact 


Cone, Sol. Vjm. —log/*. 

Added salt : T1N0 3 (Noyes). 
0*025 0*00883 0*1793 * 0*0677 

0*050 0*00626 0*2295 0*0925 

0*100 0*00423 0*3076 0*1216 

Added salt : T1N0 3 (Butler and 
Hiscocks). 

0*050 0*00615 0*2291 0*0875 

0*100 0*00413 0*3071 0*1147 

Added salt : KNO a (Bray and 
Wirmmghoff). 

0*020 0-01716 0*1894 0*0722 

0-050 0*01826 0*2558 0*0936 

0*100 0*01961 0*3366 0-1170 

0*300 0*02313 0*5406 0*1649 
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that the added salt is itself incompletely dissociated, so that the 
solution contains both undissociated thallous chloride and un- 
dissociated thallous nitrate. The concentration of undissociated 
thallous chloride is the same as that in any other solution saturated 
with respect to this salt, and the concentration of undissociated 
thallous nitrate is calculated from its dissociation constant, K = 0*56 
(Davies, loc. cit.), on the assumption that A has the value 0*38*, an 
error in this assumption would have only a very small effect on the 
final results, because the concentration of the undissociated nitrate is 
itself small. Thus, in 0*025iV'-thallous nitrate the solubility of 
thallous chloride is 0*00883 g.-equiv. per litre (Noyes, loc. cit.). Of 
this quantity, 0*00068 is undissociated molecules, and [Cl'] = 
0*00815. If x is the concentration of undissociated thallous nitrate, 
pSTO'g] = (0*025 - x) and [T1‘] = (0*00815 + 0*025 - x) ; hence 
/ 2 (0*025 — x) (0*03315 — x) jx = 0*56, where /, the mean ion 
activity coefficient of thallous nitrate is given by — log / = 0*38 X 
VO-03315 — x , the term under the square-root sign being the ionic 
strength. By a series of approximations, x is found to be 0*00101, 
whence [Tl“] = 0*03214, / ± 2 = S/[ C1'][T1*] = 0*0001918/(0*00815 x 
0*03214), and — log f ± = 0*0677. Similar calculations are applied 
to the remaining data for thallous nitrate. 

When potassium nitrate is the saturating salt, the solution 
contains three undissociated salts, viz., thallous chloride and nitrate 
and potassium nitrate ( K — T37, Davies, loc. cit.). In this case 
the true concentrations of the ions are calculated by a series of 
approximations, the method being similar to that just described. 

Tig. 2 shows the data for twelve different added salts. The lower 
series of points, connected by broken fines, is calculated on the 
assumption that both the thallous chloride and the added salt 
are completely dissociated ; they illustrate the individual differences 
in behaviour that were formerly believed to exist. The upper series 
of points, through which a continuous fine has been drawn, shows the 
data as recalculated in this paper. The possible experimental error 
in the measurements is illustrated by the two bracketed values for 
the thallous nitrate solution, \/? = 0*308 ; the lower value was 
obtained from the figures of Noyes, and the upper from the measure- 
ments of Butler and Hiscocks. 

The most important conclusion to be drawn is that up to a con- 
centration of about 0*1#, the mean ion activity coefficient of thallous 
chloride depends only upon the ionic strength of the solution and not 
upon the nature of the other ions present. That the corrections here 
applied for incomplete dissociation should have so uniformly removed 
the specific deviations seems, apart from its intrinsic interest, to 
provide strong support for the dissociation constants derived iron! 
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conductivity measurements. It is also noteworthy that the linear 
relationship between lo g/ ± and V[i is found to hold, for thallous 
chloride at least, up to a higher concentration than 001N, the usually 
accepted limit. 

Solubilities in the Presence of Other Salts . — If it is accepted that the 
activity coefficient of thallous chloride, in the more dilute solutions, 
is dependent only on the ionic strength and not upon the nature of 
the added salt, then the calculations described may be reversed, 


Fig. 2. 



Activity coefficients of thallous chloride in the presence of : KC1, etc. 0 ; HCi B; 
BaCl 2 , etc. 0 ; KN0 3 <3> ; T1N0 S V ; T1 2 S0 4 A- 

Broken curves are based on the assumption of complete dissociation . The full 
curve is based on an allowance for incomplete dissociation . 

solubility measurements being made to provide a new method of' 
deter min i ng the degree of dissociation of salts. 

With the data already available the method can be applied to 
thallous sulphate, but here allowance must be made for the probable 
equilibria : 

Tl # + S0 4 "^T1S0 4 '. . . . . (1) 

T1SCV + TT ^ TL 2 S0 4 ... . (2) 

It seems reasonable to suppose, by analogy with sulphuric acid 
(Noyes and Sherrill, J. Amer. Ghenn. Soc ., 1926, 48, 1861), that in 
dilute solutions the amount of undissociated sulphate will be 
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negligibly small, and that step (2) may be disregarded as a first 
approximation. The dissociation constant of the first stage, K v can 
now be calculated from the solubility measurements in the following 
way. In 0-02iV-thallous sulphate solution the solubility of thallous 
chloride is 0*01034 (Bray and Winninghoff, loc. cit.). If x is the 
concentration of T1S0 4 ', the concentrations of the other species 
present are as follows: [T1C1] = 0*00068 ; [Cl'] = 0*01034 - 

0*00068 == 0*00966; [S0 4 "] = 0*01 ~ a;; [T T] = 0*00966 + 

0*02 — x. The ionic strength of the solution is 0*03966 — 2x, and 
we have f ± 2 [Tr][Cl'] = S, in which — lo gf ± — 0*38 V g. By succes- 
sive approximations x can be found, and the left-hand side of the 
equation 

[T1'][S0 4 "] __ K r ./ I180 , 

[T1S0 4 '] -fa.fa “ Al 

is thereby determined. The figures are shown in Table II, where 
the concentration of added salt and the solubility are ing.-equiv./l., 
and col. 4 gives K' v the “ apparent dissociation constant ” of the 
thallosulphate ion. Col. 5 shows the value of K v the true dissoci- 

Table II. 


Added salt : Thallous sulphate. 


Cone. 

Solubility. 

vV 

K\. 

AV 

0 

0*01612 

0*1243 

— 

— 

0*020 

0*01034 

0*1868 

0*0876 

0*0371 

0*050 

0*00626 

0*2588 

0*125 

0*0380 

0*100 

0*00423 

0*3463 

0*169 

0*0343 


ation constant of this ion, calculated from K\ on the assumptions 
that, at any ionic strength, / T1S(V =/ T and / S(V , is given by the 
Debye-Huckel equation — log /so*" = 2-OVg : the values ace as 
constant as could be expected in view of the probable errors of 
calculation and measurement ; the mean value of K 1 also agrees well 
with a second determination by a different method, which will be 
described in another paper. These figures are of interest as being 
the first obtained, on the basis of the interionic attraction theory, 
for the dissociation of a uni-bivalent salt, and they further emphasise 
the errors involved in a general application of the “ complete 
dissociation of salts ’ 9 hypothesis. Thus, the value K x — 0*036 
implies that in a 0*05 M - -solution of thallous sulphate about one-third 
of the total sulphate radical exists as T1S0 4 '. 

For thallous chlorate a single measurement is available; Noyes 
{loc. cit) found the solubility of thallous chloride in 0*025iV-thallous 
chlorate to be 0*00895 g.-equiv. per litre. Applying the same 
methods of calculation as before, we find the thallous chlorate* to 
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be 6*4% undissociated, and give K = 0*34 as a provisional value for 
the dissociation constant of this salt. 

Summary, 

In dete rmining activity coefficients by measuring the solubility 
of one salt in the presence of others, allowance must be made for the 
incomplete dissociation of the salts concerned. The necessary 
corrections are applied to the data for thallous chloride with the 
following results. 

(1) The logarithm of the activity coefficient gives a straight line 
when plotted against the square root of the ionic strength up to a 
value of the latter considerably greater than 0*1. 

(2) The slope of the curve is not 0*505, as the Debye-Hiickel 
theory requires, but 0*38, a value previously found for several 
monobasic acids. 

(3) The irregularities previously attributed to specific influences of 
the added ions disappear below a concentration of 0-liV*, being due 
to neglect of incomplete dissociation of the salts. 

(4) The dissociation constant of the T1S0 4 ' ion is found to be 
0*036, and that of thallous chlorate to be 0*34. 

Battersea Polytechnic, S.W. 11. [ Received , March 12 th, 1930.] 


CXVII. — iso-p- Naphthol Sulphide. 

By Leonard Arthur Warren and Samuel Smiles. 

When 2-naphthol 1 -sulphide (I) is oxidised by alkaline ferricyanide, 
two hydrogen atoms are removed (J., 1914, 105, 1750) and the 
dehydro-sulphide is formed. Reduction of the latter substance 
yields the iso - (3 -naphthol sulphide by absorption of two hydrogen 
atoms; these are removed by suitable oxidation, the dehydro- 
sulphide being regenerated (be, tit.). 

The iso-sulphide contains two active hydrogen atoms (J., 1913* 
103, 346) and it yields lead and zinc derivatives which are insoluble 
in acetic acid (Hinsberg, J. pr. Chem. } 1914, 90, 345) in contrast 
with 2-naphthol 1-sulphide (I). Lesser and Gad ( Ber ., 1923, 56, 
970) found that a disulphide is formed from this iso-sulphide by 
oxidation with iodine and they obtained further evidence showing 
that the iso-sulphide is a hydroxy-mercaptan. These authors, 
assuming the structure (II) proposed by Hinsberg (J. pr, Ohem ., 
1915, 91,-307) for the dehydro-sulphide, considered that the iso-p- 
naphthol sulphide should be represented by (III), which has the 
merit of providing a simple explanation of the conversion of the 



WARREN AND SMILES : isO-p-NAPHTHOL SULPHIDE. 957 

substance into 2-naphthol 1 -sulphide (I) by aqueous alkali hydroxide. 
On the other hand, this formula does not represent the substance 




as a mercaptan, but assigns to it a dipolar structure derived from 
dinaphthylsulphonium hydroxide, to which the properties of a 
mercaptan can hardly be ascribed. 

Apart from this criticism of a general nature, there are others 
which taken together make necessary a revision of the structure 
(III). For instance, the iso-sulphide is unattacked by aqueous 
acids and no indication of the formation of a sulphonium salt is 
obtained. If the dipolar structure and the explanation of the action 
of alkali which it affords were correct, acids as well as alkaline 
reagents should effect the conversion into 2-naphthol 1 -sulphide (I). 
The zinc derivative of the iso-sulphide behaves as if the metal were 
associated with sulphur. With methyl iodide it gives a methyl 
ether (Hinsberg, J. pr. Chem. 9 1916, 93, 277) which is now shown 
to be the $-methyl derivative, since it is not oxidised by iodine 
and yields methyl mercaptan on reduction. This behaviour of the 
salt and its insolubility in acetic acid accord with the character of 
a zinc mercaptide. The $-methyl ether is not attacked by boiling 
aqueous alkali hydroxide or by boiling concentrated hydrochloric 
acid. According to the formula of Lesser and Gad (III with SMe 
in place of SH) 2-naphthol 1 -sulphide should be obtained with these 
reagents, especially easily with the former, since Kehrmann and 
Duttenhofer (Ber., 1905, 38, 4198) have shown that dinaphthyl- 
methylsulphonium decomposes rapidly under alkaline conditions, 
liberating the aromatic sulphide. 

The S-me thyl ether is converted by suitable oxidation into the 
sulphone : it is difficult to understand how a substance of that 
type could be formed from the structure in question (III ; SH = 
SMe) without rupture of the molecule. 

Finally, appV-dinaphthathioxin (IV) is obtained by dehydration 
of the iso-sulphide (J., 1913, 103, 347, 909). Lesser and Gad, 
anticipating that this “ iso 5 ’ - dinaphthathioxin might have the 
.structure later found to be correct (J., 1929, 210), assumed (Ber. t 
1925, 58, 2557) that migration of sulphur from the 1- to the 2-position 
takes plaoe during dehydration and suggested a mechanism which 
involves the formation of a three-membered ring (V). This explan- 
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ation appears incomplete ; moreover, there is difficulty in admitting 
that the dipolar structure would survive the attack of concentrated 
sulphuric acid while hydroxyl is being removed from the naphthalene 
nucleus. The experiments now described were undertaken as a 
result of these and other considerations. 



Since it is evidently unsafe to attempt to derive any structure of 
the iso-sulphide from that hitherto ascribed to the dehydro-sulphide 
(II), the question has been approached independently. The chief 
characteristics of the iso-sulphide are those of a hydroxy-mercaptan 
(see, e.g Lesser and Gad, Zoc. cit.). When the substance is dehydr- 
ated, appV-dinaphthathioxin (IV) is formed : during the process, 
hydroxyl is removed and thiol survives as the thio-group. Inter- 
preted in the simplest manner, this result leads to a structure such 
as (VI) for the iso-sulphide, which would thus appear as a derivative 
of 1 : 2'-dinaphthyl ether. Experiments have been made to isolate 
this group by removing sulphur from the substance. 

Since the sulphonic group is easily removed from the naphthalene 
nucleus by alkaline reduction (Friedlander, Ber., 1893, 26, 3208), 
the $-methyl ether was converted into the sulphone. This substance 
was easily attacked by sodium amalgam, the methanesulphonyl 
group being eliminated. The sulphur-free residue was identified 
as 2 -hydroxy- 1 : 2 '-dinaphthyl ether (VII) by comparison of its 
methyl ether with the product synthesised from l-bromo-2-methoxy- 
naphthalene and potassium 2-naphthoxide in presence of copper. 

Hydrogen iodide slowly attacked this sulphone, liberating methyl 
mercaptan, but with this reagent no pure substance was isolated 
from the sulphur-free products. On the other hand, the 5-raethyl 
ether, although slowly attacked by sodium amalgam under more 



(VII.) X/ (VIII.) . (IX.) 

intense conditions, was easily attacked by hydrogen iodide, giving 
good yields of methyl mercaptan and the hydroxydinaphthyl ether 
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(VII) in. question. Moreover, the iso-sulphide and the dehydro- 
sulphide were easily resolved by warm hydrogen iodide into hydrogen 
sulphide and this ether. 

The iso-sulphide is therefore to be regarded as the thiol deriv- 
ative of 2-hydroxy- 1 : 2'-dinaphthyl ether, and, since app'a'-di- 
naphthathioxin (IV) is formed on dehydration, the thiol group must 
be in the 1 '-position as indicated by (VI). This structure accords 
well with all the properties of the iso-sulphide hitherto observed 
and also with the formation of the sulphone and sulphonium deriv- 
atives now recorded. 

With this information concerning the iso-sulphide, the constitution 
of the dehydro-sulphide may be profitably discussed. This substance 
is formed from 2-naphthol 1-sulphide (I) or the iso-sulphide (VI) by 
loss of two hydrogen atoms; evidently it contains the 1 : T-thio- 
and the 1 : 2'-oxido-group of the respective generators and should 
be represented as (VIII), reduction to the iso-sulphide taking place 
by rupture of the five-membered ring as indicated. The formation 
of the substance from 2-naphthol 1-sulphide may be represented as 
involving the oxidation of a tautomeric form of the latter (IX) ; 
some justification for this view (compare Willstatter and Schuler, 
j Ber., 1928, 61, 362) is found in the fact that this sulphide and 
others of its type yield only the monopotassium salts from solutions 
in more than two molecular proportions of the alkali hydroxide 
(Lesser and Gad, Ber., 1925, 58, 2557). The structure (II) assigned 
by Hinsberg (Zee. cit.) to this substance was founded on the form- 
ation of a monohydrazone and on experiments which indicated the 
formation of a very unstable perchlorate ; but the existence of the 
latter substance cannot here be accepted as conclusively proving 
the presence of the sulphonium group, since it is well known that 
carbonyl in many ketones and quinones is capable of forming additive 
compounds with acids and salts (Pfeiffer, “ Organisch Molekul- 
Verbindungen,” 1927). The properties of the dehydro-sulphide are 
therefore adequately represented by the s^ro-structure proposed. 
Moreover it should be noticed that this structure represents complete 
analogy with the dehydrophenols investigated by Pummerer {Ber., 
1914, 47 , 1472, 2957; 1919, 52 , 1392), who showed, for example, 
that dehydro- Lbromo-2-naphthol (X), which is obtained by oxid- 
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ation of 1 -bromo-2 -naphthol , yields on reduction the l'-bromo-2- 
hydroxy-1 : 2 / -dinaphthyl ether (XI), the quinolie bromine atom 
being eliminated. The greater stability of the dehydro-sulphide 
•compared with that of other dehydrophenols is well explained by 
the presence of the five-membered thioxole system. 

Finally it must be noticed that the conversion of the wo -sulphide 
into 2-naphthol 1 -sulphide by heating or by the action of alkali 
hydroxide now appears to be an intramolecular change. Further 
-experiments are being made concerning this process and the nature 
of dehydro-2-naphthol-l-sulphone. 

EXPEBI MENTAL. 

The iso-2 -naphthol sulphide (VI) used in these experiments was 
prepared as previously described (J., 1912, 101, 1423). The 
characteristic brown nickel derivative, formed by addition of nickel 
acetate to an alcoholic solution of the mercaptan, is very soluble in 
benzene. 

The S - Methyl Ether of the iso -Sulphide (VI with SMe in place of 
SH). — A concentrated solution of zinc acetate (10 g.) in hot water 
was added to a boiling solution of the wo -sulphide (20 g.) in alcohol 
(100 c.c.). The zinc salt (95%) separated in the crystalline state 
and was purer and more easily manipulated than the amorphous 
material prepared from cold solutions. A mixture of this zinc salt 
<10 g.), methyl iodide (5 c.c.) 3 and ethyl alcohol (100 c.c.) was boiled 
until the zinc salt had dissolved ( ca . 1 hour). The solvent was 
evaporated from the filtered solution and the residue was purified 
from acetic acid. The product (80 — 90%) had m. p. 134° (Found : 
C, 76-1; H, 4-8. Calc.: 0,7-59; H, 4-8%). The substance did. 
not react with iodine in ethereal solution in presence of sodium 
bicarbonate, and it was recovered unchanged from a boiling (J hour) 
solution in aqueous sodium hydroxide (2N) and from a boiling 
<1| hours) alcoholic solution containing hydrochloric acid. The 
formation of a yellow insoluble material when bromine vapour is 
added to an acetic acid solution may be conveniently used as a test 
for the presence of the substance. 

The benzoyl derivative, prepared in cold pyridine, formed plates, 
m. p . 84—85° (Found : C, 77-2; H, 4*8. C 28 H 20 O 3 S requires C, 
77-1; H, 4-6%). 

The mercuri-iodide of the dimethylsulphonium iodide (VI ; SH — 
SMe 2 I,HgI 2 ) was rapidly formed when acetone containing equi- 
molecular proportions of the $-methyl ether and mercuric iodide 
and a large excess of methyl iodide was boiled. After the mercuric 
iodide had dissolved, ether was added to the cooled liquid until it 
became turbid. The required substance separated in pale yellow 
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prisms, m. p. 101° (decomp.) ; these contained acetone which could not 
be quantitatively removed without further decomposition of the sub- 
stance (Found : C, 32*1 ; H, 2*9 ; Hg, 20 0. C 22 H 19 0 2 l3SHg,2C 3 H 6 0 

requires C, 32-1 ; H, 3*0; Hg, 19-2%). 

The dimethyl ether of the ^-sulphide (VI ; OH and SH — OMe 
and SMe respectively) was obtained as a clear viscous oil by the 
action of methyl sulphate on the sodium derivative of the $-methyl 
ether in methyl alcohol. It was characterised as the methosulphate , 
which was formed by heating a mixture of methyl sulphate (1J 
mols.) and the dimethyl ether (1 mol.) at 100° for 1 hour. The 
required substance was isolated from the product and further 
purified by addition of ether to a chloroform solution. It formed 
plates, m. p. 178° (decomp.), which were moderately easily soluble 
in water (Found: C, 614; H, 54; S, 13*3. C 22 H 18 0 2 S,Me o S0 4 
requires C, 61*0; H, 5*1 ; S, 13*6%). 

The S-methylsulphone (VI ; SH — S0 2 Me) was obtained by 
oxidation of the /S-methyl ether. A product of this process has been 
described by Hinsberg (J. pr . Ckem 1916, 93, 277) as the sulphone 
derived from the monomethyl ether and as having m. p. 218°. The 
formation of a substance of this m. p. has been confirmed, but 
analytical data show that it is a mixture of sulphone and sulphoxide 
in approximately equal proportion (Found : C, 70*7 ; H, 4*7. Calc, 
for sulphone : C, 69*2; H, 44%. Calc, for sulphoxide : C, 72*4; 
H, 4*6%). Moreover, it was attacked by zinc and acetic acid, 
yielding a mixture of lower and indefinite m. p. (185 — 190°) which 
was found by the bromine test to contain the ^-methyl ether. The 
required sulphone was obtained by renewed oxidation. Acetic acid 
(20 c.c.) containing the ^-methyl ether (4 g.) and hydrogen peroxide 
(8 c.c. of 30%) was heated at 100° for £ hour and rapidly cooled. 
The product (4*1 g.), m. p. 204 — 209°, was re-oxidised (J hour) 
with twice its weight of hydrogen peroxide (30%) in sufficient acetic 
acid for complete solution at 100°. The material (2*5 g.), which 
slowly separated from the cooled liquid, crystallised from acetic acid 
in plates, m. p. 200° (Found : C, 69*2 ; H, 4*5 ; M , 367. G 21 H 16 0 4 S 
requires C, 69*2; H, 4*4%; M , 364). The substance was not 
attacked by zinc dust and acetic acid. The benzoyl derivative, 
prepared in cold pyridine, formed plates, m. p. 149 — 150° (Found : 
C, 71*9; H, 4*7. C 28 H 20 O 5 S requires C, 71*8; H, 4*3%). This 
substance was also obtained by oxidation of the benzoyl derivative 
of the S-methyl ether. 

2-Hydroxy -1 : 2' -dinaphthyl Ether (VII).— -This was obtained by 
the following methods : (a) A mixture of the S -methylsulphone 
(2 g.), aqueous sodium hydroxide (1 mol., 2N), ethyl alcohol (10 e.e;), 
and water (50 c.c.) was treated with sodium amalgam (150 g., 3%) 
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in the course of 12 hours, sufficient alcohol being added at intervals 
to redissolve insoluble material. Eventually the alcohol was 
evaporated and the sparingly soluble sodium salt was collected and 
decomposed with dilute sulphuric acid. The product (1 g.) crys- 
tallised from acetic acid in needles, m. p. 197°. 

(6) The $-methyl ether (1 g.) was gently boiled with purified 
hydrogen iodide (25 c.c ., d 1*7) in a long-necked flask. A slow stream 
of nitrogen passed through the apparatus, and the emergent vapours 
were washed by aqueous mercuric chloride. When the liberation 
of methyl mercaptan had ceased, the precipitated mercury deriv- 
ative was collected (97%) (Found : Hg, 70*6. Calc, for CH 3 *S*HgCl : 
Hg, 70*8%). The cooled contents of the reaction vessel were added 
to a large bulk of water ; the solid was collected, washed (75%), and 
purified from acetic acid. It had m. p. 197°. 

(c) A mixture of the zinc salt of the wo -sulphide (1 g.) and 
hydrogen iodide (10 c.c.) was treated as described in ( b ). Decom- 
position rapidly took place with liberation of hydrogen sulphide. 
The product, isolated and treated as described, was purified (36%) 
from acetic acid and had m. p. 197°. 

(d) Similar treatment of the dehydro-sulphide (VIII) with hydro- 
gen iodide gave hydrogen sulphide and a product which after 
purification (45%) had m. p. 197°. 

The products from these four sources ( a , b, c, and d) were identical 
with one another and with the product formed by reduction of 
dehydro-2-naphthol-l-sulphone (Hinsberg, J. pr. Chem., 1915, 91, 
307) under suitable conditions (Found : C, 84*0; H, 4*8, Calc, 
for C 20 H 14 O 2 : C, 83*9; H, 4-9%). The structure suggested by 
Hinsberg (Ber., 1915, 48, 2092) for this substance has been supported 
by Pummerer (Ber., 1919, 52, 1414) and is now entirely confirmed 
by the synthesis of its methyl ether. It yielded a bromo-derivative, 
m. p. 133 — 134°, apparently identical with that (XI) isolated by 
Pummerer and Cherbuliez (loo. cit.) from dehydro- 1-bromo -2- 
naphthol ; but no close comparison was made. 

2-Methoxy-l : 2' -dinaphthyl Ether (VII ; OH — OMe). — (a) Potass- 
ium 2-naphthoxide was prepared by heating (1 hour, 110 — 120°) the 
requisite quantities of 2-naphthol and potassium hydroxide in a 
current of nitrogen. A mixture of this material (2 mols.) and 
l-bromo-2-methoxynaphthalene (1 mol.) containing a little copper 
acetate was heated (6 hours, 230 — 240°) in an atmosphere of 
nitrogen. During the process 2-naphthyl methyl ether sublimed ; 
a further quantity of this substance was removed from the product 
by a current of steam in an alkaline medium. The dark-coloured 
insoluble material was set aside until it had solidified ; then, when 
dry, it was heated in a vacuum (1—2 mm.). The desired ether 
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sublimed, and crystallised from acetone-alcohol in plates, m. p. 
161°. 

(b) The hydroxy-derivative (VII) obtained by the processes of 
reduction described above was methylated in aqueous alkaline solu- 
tion with methyl sulphate. The product after purification had 
m. p. 161° and was identical with that obtained as described in (a) 
(Found : C, 83-7 ; H, 5*4. C 21 H 16 0 2 requires C, 84*0 ; H, 5*3%). 

In conclusion we wish to thank Dr. A. Cohen for the synthesis of 
2-methoxy-l : 2'-dinaphthyl ether and for his help in some of these 
experiments. 

King’s College, London. [ Received , February 6 th, 1930 .] 


CXVIII . — The Nitrosation of Phenols. Part VIII . 
Resorcinol Monoethyl Ether. 

By Herbert Henry Hodgson and Hubert Clay. 

Kietaibl (Monatsh., 1898, 19, 536) described two o-nitrosoresorcinol 
monoethyl ethers, but was unable to settle their constitutions. It 
has now been shown that in his nitrosation process 6-nitroso-3- 
ethoxyphenol alone is produced, for the product on oxidation gives 
only 6-nitro-3-ethoxyphenol : this compound has also been prepared 
from 4-nitro-3-aminophenetole, and both specimens give 4-nitro- 
resorcinol diethyl ether on ethylation. 

Only the 3-chlorine could be replaced by ethoxyl when an excess 
of ethyl-alcoholic sodium ethoxide reacted with 1 : 3-dichloro- 
4-nitrobenzene (see Hodgson and Handley, J,, 1928, 163, for the 
replacement of both chlorine atoms by methoxy-groups) : the 
4-nitro-group renders the 3-carbon more positive than the 1-carbon 
atom by the general effect (Allan, Oxford, Bobinson, and Smith, 

e © 

J., 1926, 401) and consequently the anionoid reagent (NaOAlk) first 
replaces the 3-chlorine by the OAlk group ; but since ethoxyl is 
much more strongly anionoid than methoxyi, its excess of “ negativ- 
ity ” so diminishes the general (electron-attracting) effect of the 
nitro-group on the 1 -carbon atom that the anionoid reagent is unable 
under ordinary conditions to displace the chlorine atom in position 1 . 

The explanation of the predominant ortho-nitrosation of resorcinol 
monoethyl ether is similar to that for the monomethyl ether (Hodgson 
and Clay, J., 1929, 2775, formula I with Et in place of Me). With 
the assumption there made regarding the partly ionised hydroxyl 
group, since ethoxyl has a greater repressive effect on ionisation than 
methoxyi, the activation of hydrogen in the 4-position should be 
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relatively increased ; moreover, the kationoid reagent in its polarised 
@ ® 

phase, HONO, will have less tendency for attachment to the less 
highly charged phenolic hydroxyl group. On both counts the 
monoethyl ether should undergo nitrosation in the 4-position : this 
actually takes place to the extent of 10 — 15%. The same argument 
holds for nitration and is confirmed by the experimental results. 

Alternatively, should the ethoxy-group exert an inductive electron- 
attraction, the 4-carbon (loc. tit., formula III, with Et in place of Me) 
would be deactivated to a less extent in the ethoxy- than in the 
methoxy-compound, and so be relatively more reactive. 

The solubility (1*32%) of 6-nitroso-3-ethoxyphenol in benzene is 
appreciably less than that (2*26%) of 6-nitroso-3-methoxyphenol, 
showing that the co-ordination (loc. tit., formula V) of the o-nitroso- 
and the hydroxyl group is relatively weakened in the former com- 
pound. It would appear, therefore, that the increased repression of 
ionisation (see above) exceeds the concurrent increased activation of 
the chelating electrons of the nitroso-group. 

Experimental. 

The Nitrosation of Besorcinol Monoethyl Ether — The method 
described by Hodgson and Clay (loc. tit., p. 2777) for the nitrosation 
of resorcinol monomethyl ether, when applied to the monoethyl 
ether, gave a larger yield (5-5 g.) of crude product than that (4*7 g.) 
obtained by Kietaibrs method (loc. tit.). The quantities used were : 
resorcinol monoethyl ether 5 g., water 250 c.c., sodium hydroxide 
2*5 g., sodium nitrite 3 g., concentrated sulphuric acid 5 c.c., water 
100 c.c. 

Separation of the isomerides. Kietaibl’s method of extraction with 
boiling benzene was used, the operation being continued until the 
solvent remained practically colourless. Erom the extract, only one 
product could be crystallised, and this had the characteristics of 
KietaibFs a-o-nitroso-3-ethoxyphenol as described by Henrich 
(J. pr. Chem.y 1904, 70, 313) (Found : N, 8*5. Calc. : N, 8*4%). 

The residue insoluble in benzene (0*79 g.) crystallised from alcohol 
(charcoal) in small yellow needles, which slowly decomposed above 
170° (Found: N, 8-6%). 

Oxidation of the Benzene-soluble Fraction with Dilute Nitric Acid . — 
The substance (1 g.) was suspended in water (10 c.c.) and vigorously 
stirred during the gradual addition of 10 c.c. of a mixture of nitric 
acid (d 1-4 ; 3 parts) and water (1 part). After 5 hours, the mixture 
was diluted with water and the product was collected and distilled 
with steam; the 6-nitro-3-ethoxyphenol (0*9 g.) that passed over 
crystallised from alcohol or light petroleum in yellow needles, m. p. 
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and mixed m. p. with an authentic specimen (see later) 79° (Found : 
3ST, 7-8. Calc. : N, 7*65%). Weselsky and Benedikt ( Sitzungsber . 
AJcad. Wiss. Wien, 1880, 82, 1219) describe a steam-volatile mono- 
nitro-derivative of resorcinol monoethyl ether as sulphur-gold 
needles, m. p. 79°. 

Oxidation of the Benzene-irisoluhle Fraction with Alkaline Potassium 
Ferricyanide . — The substance (0*5 g.) y dissolved in 10% aqueous 
potassium hydroxide (30 c.c.), was mixed with a saturated aqueous 
solution of potassium ferricyanide (10 g.) and heated on the water- 
bath until the colour became yellow. The solution was then filtered 
hot, cooled, and acidified. After some time, long greenish-yellow 
needles of 4-nitro-3-ethoxyphenol separated. These, after recrystal- 
lisation from dilute alcohol, melted, alone or mixed with an authentic 
specimen, at 131° (Found : N, 7*9. Calc. : N, 7-65%). The 
respective dibrominated products, separately or mixed, melted at 
69° (Found : Br, 46*7, 47*0. Calc. : Br, 46*9%), Weselsky and 
Benedikt (loc. cit.) give m. p. 69° for 2 ; 6-dibromo-4-nitro-3-ethoxy- 
phenol. 

Oxidation of the Crude Nitrosation Mixture . — (a) With alkaline 
potassium ferricyanide. The crude product (5 g.) was dissolved in 
10% aqueous potassium hydroxide (300 c.c.) and oxidised with a 
saturated aqueous solution of potassium ferricyanide (100 g.) as 
described above. The solution was filtered hot, cooled, acidified with 
dilute sulphuric acid, and extracted with ether. The extracted 
product was steam-distilled 6-nitro-3-ethoxyphenol (3*0 g.) passed 
over ; the liquor in the flask, on cooling, deposited a substance (1*5 g.) 
from which 4-nitro-3-ethoxyphenol (0*9 g.) was obtained by crystal- 
lisation from alcohol (charcoal). From the results of the oxidation 
of the benzene-soluble fraction (above), these combined amounts 
would account for almost the whole of the original crude mixture, to 
the exclusion of any other o-nitrosophenol such as KietaibFs so*called 
P-o-nitroso-3-ethoxyphenol. 

Under the above conditions the crude nitrosation product (3*0 g.) 
from resorcinol monomethyl ether yielded no 4-nitro-3-methoxy- 
phenol, but gave 2*5 g. of the steam-volatile 6-nitro-isomeride. 

(b) With dilute nitric acid . The crude nitrosation product (5 g.), 
suspended in water (60 c.c.), was oxidised as described above with 
54 c.c. of dilute nitric acid. The yield of steam-volatile 6-nitro-3- 
ethoxyphenol was 3*6 g. The non-volatile residue consisted of tarry 
matter, from which a small amount of the 4-nitro-isomeride was 
obtained by extraction with ether. 

Nitration of Resorcinol Monoethyl Ether . — The following method 
gives a better yield of the mononitro -derivatives than the method of 
Weselsky and Benedikt (loc, cit.)* The ether (5 g.), dissolved in 
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acetic anhydride (20 c.c.), was nitrated below 0° by the gradual 
addition of nitric acid (d 1*5 ; 2 c.c.) in acetic anhydride (8 c.c.). The 
mixture was kept over-night and then poured on ice. The precipit- 
ate was collected, washed, and steam-distilled ; the volatile 6-nitro- 
3-ethoxypkenol (2-0 g.) crystallised from light petroleum in greenish- 
yellow needles, m. p. 79° (Weselsky and Benedikt, loc. cit ., give 
m. p. 79°) (Found : N, 7*7. Calc. : N, 7*65%). The hot filtrate 
from the non-volatile tarry residue was cooled and extracted with 
ether, 0*5 g. of 4-nitro-3rethoxyphenol being obtained which crystal- 
lised from alcohol in pale yellow needles, m. p. 131° (Weselsky and 
Benedikt, loc . cit., give m. p. 131°) (Found : N, 7*75. Calc. : N, 
7*65%). 

Proof of the Constitution of 6 -Nitro-Z -ethoxy phenol. — (a) Con- 
version into ^-nitroresorcinol diethyl ether. The potassium salt ( 1*3 g. ) , 
suspended in absolute alcohol, was heated under reflux with excess 
of ethyl iodide for 6 hours. The mixture was then made alkaline 
and steam-distilled ; the volatile 4-nitroresorcinol diethyl ether 
(0*4 g.) crystallised from alcohol in almost colourless leaflets which, 
alone or mixed with an authentic specimen (Kauffmann and de Pay, 
Ber., 1906, 39 , 2725), melted at 85° (Found : N, 6*9. Calc. : ST, 
6*6%). The liquor in the distillation flask, on acidification and 
steam-distillation, yielded 0*4 g. of unchanged 6-nitro -3 -ethoxy - 
phenol. 

An attempt was made to obtain 4-nitroresorcinol diethyl ether by 
the action of excess of ethyl-alcoholic sodium ethoxide on 1 : 3-di- 
chloro-4-nitrobenzene (compare Hodgson and Handley, loc. cit.). 
The product, however, was 3-chloro-6-nitrophenetole, which 
crystallised from alcohol in colourless leaflets, m. p. 63° (Blanksma, 
Rec. trav. chim., 1904, 23 , 322, gives m. p. 63°) (Found : Cl, 17*5. 
Calc. ; Cl, 17*6%), identical with the product obtained from 3-chloro- 
6-nitrophenol by ethylation (compare Haworth and Lapworth, J., 
1923, 123 , 2986). 

The same method, applied to 3-chloro-2-nitrophenol (13 g.), gave 
2>-chloro-2-nitrophenetole (12 g.), which crystallised from alcohol in 
colourless leaflets, m. p. 52° (Found : Cl, 17*5. C 8 H 8 0 3 NC1 requires 
Cl, 17*6%). 

(b) Synthesis from Z-chloroA-nitrophenetole. The ethylation of 
3-chloro-4-nitrophenol as above gave Z-chloroA-niirophenetole, 
which crystallised from alcohol in colourless micro-prisms, m. p. 
39 — 40° (Found : Cl, 17*4%). This was converted into 4-mtfro- 
3 -ammophenetole by heating it (2 g.) with concentrated aqueous 
ammonia (6 c.c.) and alcohol (5 c.c.) in a sealed tube at 170- — 180° 
for 8 hours. The product (1 g.), isolated from the reaction mixture 
after dilution with water, crystallised from alcohol in yellow needles. 
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m. p. 105 — 106° (Found : N, 15-5. Calc. : N, 15*4%), and was 
identical w T ith a specimen prepared by the method of Reverdin and 
Lokietek (Bull. Soc. chim ., 1916, 19 , 252 ; Arch . Sci. pliys. nat 
1916, 42 , 47). The 4-nitro-3-aminophenetole (1 g.) was diazotised 
in dilute sulphuric acid and then converted by the standard procedure 
(Hodgson, E. P. 200714) into 6-nitro-3-ethoxyphenol (0-3 g.). 

The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (H. C.), and the 
British Dyestuffs Corporation for gifts of chemicals. 

Technical College, Huddersfield. [Received, February 5th, 1930.] 


CXIX . — - The Nitrosation of Phenols . Part IX. Further 
Study of the Nitrosation of m-Bromo'phenol . 

By Herbert Henry Hodgson and Arnold Kershaw. 

The alleged geometrical isomerides of 3-bromobenzoquinone- 
4-oxime (Hodgson and Moore, J., 1925, 127 , 2260) prove to have been 
impure specimens of one individual (compare 3-chlorobenzoquinone- 
4-oxime, J., 1929, 1553). 

The chelation between the halogen and the oximino-hydrogen 
atom previously assumed (loc. cit.) in order to account for the 
stability of 3-chlorobenzoquinone-4-oxime appears to be even 
stronger in 3-bromoquinone-4-oxime, since this is much more stable 
to boiling dilute mineral acids than its 3-chloro-analogue : Auwers" 
cryoscopic data (Z. physikal. Chem ., 1903, 42 , 542) indicate that the 
co-ordination tendency of bromine is greater than that of chlorine. 

Z-BromoA-nitrosoanisole has an emerald-green colour, whereas 
3-bromo-4-nitrosophenol is bright yellow, both in the solid state and 
in solution. 3-Bromobenzoquinone-4-oxime, however, gives pale 
green solutions, Whereas its methyl ether is yellow arid gives yellow 
solutions. 

Similarly to the ohloro-analogue, 3-bromo-4-nitrosophenol is 
converted immediately by concentrated sulphuric acid into the 
oxime ; yet both substances give Liebermann nitrosoamine reactions, 
which differ in that the oxime produces a bluer colour. 

The melting points of 3-bromo-4-nitrosoanisole (69°) and 3-bromo- 
benzoquinone-4-oxime methyl ether (130°) are in accordance with 
the view expressed by Hodgson and Moore (loc. cit.), that nitroso- 
compounds melt at a lower temperature than the corresponding 
-oximes. ■ ' > 
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Experimental. 

3-BromobenzoqninoneA-oxime r prepared both by the alkali and by 
the acid method (loc. cit.), crystallises from benzene, in which it is 
sparingly soluble, in pale greenish -yellow, elongated parallelepipeds, 
m. p. 196° (compare Hodgson and Moore, loc . cit.) (Found : Br, 
39*5 ; N, 7*0. Calc.: Br, 39*6; N, 6-9%). 

The molecular weight of 3-bromo-4-nitrosophenol, determined 
cryoseopically, is 207 in naphthalene and 187. in phenol (calc., 202) ; 
the oxime is very sparingly soluble in naphthalene, but has M =188 
in phenol. The benzoate , prepared and crystallised in the same way 
as the chloro-analogue, forms pale yellowish-brown, flat rhombs, 
m. p. 181° (Found : Br, 26*0. C 13 H 8 0 3 NBr requires Br, 26*1%). 

3 - Bromo -A-ni trosoanisole (2*4 g.), prepared in the same way as the 
chloro-analogue (loc. cit.) by the oxidation of 3-bromo-4-amino~ 
anisole hydrochloride (4:3 g.) with Caro’s acid but with only 2 hours’ 
stirring, crystallises from alcohol in emerald-green needles or prisms, 
m. p. 69° (Found : Br, 37*0. C 7 H 6 0 2 NBr requires Br, 37*0%). 

3-BromobenzoquinoneA-oxime methyl ether is obtained by the 
addition of methyl sulphate to a solution of 3-bromobenzoquinone- 
4-oxime or 3-bromo-4-nitrosophenol in saturated aqueous sodium 
carbonate, followed by a few drops of aqueous sodium hydroxide. It 
is readily isolated by steam distillation and crystallises from 50% 
aqueous alcohol in yellow needles, m. p. 130° (Found : Br, 37*1. 
C 7 H 6 0 2 NBr requires Br, 37*0%). 

The authors desire to thank the British Dyestuffs Corporation for 
gifts of chemicals. 

Technical College, Huddersfield. [ Received , February 1 5 th , 1930.] 


CXX . — Symmetrical Triad Prototropic Systems. 

Part VI. The Effect of Substitution on Tautomeric 
Mobility and Equilibrium in the ay-Diphenylpro~ 
pene System. 

By Charles William Shoppee. 

In Part IV of this series (J., 1929, 447) tautomeric interchange 
between the isomeri des (I II) and (III IV) was shown to 

occur in the presence of a catalyst, and methods were described 
whereby the mobility and equilibrium of such systems could be 
determined. The present paper gives an account of the systems 
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corresponding to (III IV) for a series of p-substituents : Me, Cl, 
Br, I, NMe 2 , and NMe 2 Et. 

(10 CH 2 Ph-CH:CH-C 6 H 4 -OMe ^ CHPh;CH-CH 2 -C 6 H 4 -OMe (n.) 
CH 2 Ph*C(C0 2 Et):CH*C 6 H 4 *0Me ^±= 

(III.) 

CHPh:C(C0 2 Et)-CH 2 *C 6 H 4 -0Me 

(IV.) 

Before the theoretical significance of the results is discussed, 
consideration must be given to certain fundamental principles 
underlying the relation of mobility and equilibrium to the structural 
features of a tautomeric system. 

Substitution and Mobility . — In certain recent papers on prototropy 
and allied topics there has been a notable tendency to short-circuit 
the actual theory of the subject by referring to orientation in 
aromatic substitution as a practical criterion of the polar effects of 
groups and as, therefore, a direct analogy for their theoretically 
anticipated behaviour in relation to prototropic and other systems. 
Aromatic hydrogen-substitutions (even meta-) depend on the nega- 
tivity of the field at the point of reaction, and the requisite electron 
availability may result either from the permanent polarisation of 
the molecule due to the electron repulsion (+ I) of a substituent, 
or from the molecular polarisability which is enhanced by the 
presence of a substituent containing unshared electrons, provided 
that a path exists for the propagation of electron displacements 
with co valency changes to the point of reaction (+ T) (compare 
Ingold and Shaw, J., 1927, 2923) ; these will be activating influences. 
Molecular polarisation resulting from a substituent possessing high 
electron-affinity (— I) will decrease electron-availability at the seat 
of reaction, and will be a deactivating influence, but polarisability 
arising from the presence of a substituent capable of sharing addi- 
tional aromatic electrons and the existence of a free path for the 
electron transfer (— T) will not cause deactivation, because the 
displacements would lead to a recession of electrons from the seat 
of reaction, and for this there is no demand. On the other hand, 
prototropy depends on the positivity of the field at the seat of 
ionisation; the necessary electron-recession may arise from mole- 
cular polarisation due to the electron affinity (— I) of a substituent, 
or from molecular polarisability resulting from the presence of a 
substituent capable of sharing unshared electrons possessed by the 
system, provided that a path exists for the electron-transfer (— T ) ; 
these will be facilitating influences. Molecular polarisation due to 
a substituent-repelling electron (+ 1) will oppose the production 
of a positive field at the seat of ionisation, and hence will constitute 

LL 
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a retarding influence ; molecular polarisability, resulting from the 
presence of a substituent possessing unshared electrons and capable 
of sharing these with the system if a path for the electron transfer 
exists (+ T) } will not lead to electron displacements because such 
displacements would involve electron-accession to the seat of 
ionisation and for this there is no demand. In short, whereas 
benzene hydrogen- fis facilitated by effects + I and + Z 7 
substitution lis retarded by effect — I only ; 

, , f is facilitated by effects — I and — T 

prototropy \is retarded by effect + I only; 

so that retardation of benzene hydrogen-substitution does not run 
parallel with facilitation of prototropy, and vice versa , unless tauto- 
meric effects of either sign (± T) are structurally impossible . Burton 

0 - 

and Ingold exemplified this (J., 1928, 904) by stating that NR 3 and 
COR activate prototropy by different mechanisms (— /, and 

— I — T respectively), but deactivate the benzene nucleus by the 
same mechanism (— I only; — T here being inoperative). 

The + T effect can enter into the consideration of prototropy 
only when an activating group of the — I — T type is considered 
“ piece-meal/’ and the + T effect of one portion is treated as 
subtractable from the (greater) — T effect of the other, as may be 

possible, for instance, for COR in (three-carbon) — C — R. Since the 
order of + T effects of R is O e >NR 2 >OR>Hals.>Me (zero for 
the last member), that of the — T effect for CORisCOMe>COHal.> 
C0 2 R> CO\NR 2 > COO e , and this is the order of facilitation of 
prototropy (Ingold, Shoppee, and Thorpe, J., 1926, 1477). The 

— I effects of the same variants of the group COR are in the 
different order COHal.>CO 2 R>CO-NR 2 >COMe>CO*O 0 (Cooper 
and Ingold, J., 1927, 838), and this is all that enters into the theory 
of aromatic substitution (— T is inoperative), and is the order of 
m-orientation. This point has been treated at some length because 
of Linstead’s recent comments (J., 1929, 2498) on the apparent lack 
of agreement between the two series. 

In continuation of previous investigations (J., 1929, 447, 1199), 
in which it was shown that systems of the forms 

(V.) CHgPh^ZCH-C^R ^ CHPh:CH*CH 2 -C 6 H 4 R (VX) 

i t 

CHjPIK)(C0 2 Et):CH«0 6 H 4 R ^ CHPh:C(C0 2 Et}-CE^C e H 4 R 

(vtl> *» (Vin.) 

<rx.) <^HrN;CH-C s H 4 R i CHPhiN-CHj-CgH^ (X.) 



SYMMETRICAL TRIAD PROTOTROPIC SYSTEMS. PART VT. 971 

became mobile in the presence of sodium ethoxide, it has now been 
proved for the system (VII VIII) — system (IX =^= X) is still 

being investigated — that the effect of R on the velocity of inter- 
conversion under constant conditions of temperature and catalysis 
is as follows (time units, hours)* : 


Group R 

NMe s . 

OMe. 

I. 

Br. 

Cl. 

Moment 

... «0*050 

0-058 

0*39 

0*64 

1*02 

... -fl-39 

—0-80 

— 1*25 

-1*51 

— 1*56 


The bottom row of the table contains the recorded values of the 
molecular electric moments of the compounds C 6 H 5 R in E.S.U. X 
1(H 8 , the attached sign indicating the polarity of R ; the numbers 
are direct measures of the state of polarisation (± I) induced by R 
directly attached to the aromatic nucleus in a series of compounds 
such as those investigated. The parallelism between this measure 
of — 1 and the mobility figures will be obvious. 

None of the groups investigated is known to exert a — T effect; 
if it had been capable of so doing, the parallelism would, of course, 
have failed ( e.g. 9 COR, ON, N0 2 ). On the other hand, the groups 
tabulated are all structurally capable of + T effects, but this, as 
already explained, does not enter into prototropy (when the whole 
activating group is considered and not merely a part of it). The 
cases, therefore, differ from those studied by Kon and Linstead, 
which involve the — T effect, and an alternative statement of the 
difference is that the systems examined by these investigators are 

© 

pentad keto-enols, involving the common enolide ion C=C“C~C~0. 

Although the three-carbon systems here examined contain a 
group (carbethoxyl) normally capable of a — T effect, the position 
of this (P-) is such that this effect cannot be propagated by tauto- 
meric electron displacements to the seat of ionisation. A feeble 
— I effect should, however, reach the ionising centre, and in addition 
to this, polar and steric disturbances due to the spatial proximity 
of the group are to be anticipated. 



a fi 


In this connexion, Linstead 5 s argument (loc. tit.) that the pre- 
liminary ionic dissociation is unimolecular, whereas the final recom- 
bination of ions is bimolecular, and that this furnishes a basis for 
consideration of the mechanism of steric inhibition in prototropy* 

* The value for R = Me is of the same order as for R = OMe, but is not 
tabulated because the velocity coefficients were not good enough to give an 
accurate significance to their mean. Theoretically, Me should fit in between 
' OMe and NMe*. 
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is unacceptable to the writer, who regards the catalyst as promoting 
ionic dissociation ; from this point of view the dissociation must at 
least be bimolecular, for it is common knowledge that it depends on 
the catalyst (< e.g ., OEt e ion) as well as on the compound ionised. 

Substitution and Equilibrium. — The general theory of the effect 
of substitution on equilibrium in three-carbon systems containing 
activating groups of the — I — T type (pentad keto-enol and 
pentad cyano-imino systems) has already been given (Ingold, 
Shoppee, and Thorpe, loc. cit. ; Ingold, Ann. Reports , 1927, 111; 
1928, 118; Bennett, ibid., 1929, 119), and is in excellent agreement 
with the available data, including the most recent results (Kon and 
.Linstead, J., 1929, 1269; Kandiah and Linstead, ibid., p. 2139); 
nevertheless, confusion has again arisen, through the application 
of the process previously described as short-circuiting. Ingold, 
Shoppee, and Thorpe discussed the effect of a (3-carbethoxyl group 
and showed that it should lead (— T effect) to predominance of the 
Py-unsaturated form (e.g., in the system citraconic ester-itaconic 
ester, the latter is the favoured phase). Linstead has concluded 
from this (loc. cit.) that the theory implies that a (3 -methyl group 
(+ I effect) should produce the opposite result, that is, a stable 
a (3-form, which is contrary to fact (Goldberg and Linstead, J., 1928, 
2343). It cannot be too strongly insisted that the effect of -f / 
cannot be deduced by mechanical inversion of that of — T, and that 
all such short cuts involve unsound procedure, with the sole excep- 
tions of that for + I to — /, and its converse. In the case con- 
sidered, the formulae (XI) show the enolide ions in the critical 

b 

CH 3 ai 

0 t c==c— c~c — O e 

KJ P 

a s a 3 a 8 a, 

" (XL) ' 

stage immediately preceding their combination with a proton. The 
— T effect of the (3-carbethoxyl group (6, b x ) acts on the displaceable 
double-bond electrons, inhibiting a z ; the + 1 effect of the (3-methyl 
group (c) acts on the (3-carbon atom, charging it negatively and 
directing the electrons away from a 2 into the alternative route a x ; 
since a 3 depends on initiation from a 2 (which in turn depends on a ), 
the -f i effect { c ) will also, indirectly, inhibit a 3 . The facts (that 
the influences of (3 -methyl and (3-carbethoxyl groups are qualita- 
tively similar) are thus in complete agreement with the theory. 

Reference is also necessary to another point raised by Linstead, 
.namely, the effect of (3- and y-phenyl substituents. The polar effect 
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of the phenyl group is represented by ± T , that is, it is able to 
furnish either electron-accession to or electron-recession from an 
adjacent carbon atom, according to the sign of the field required at 
the seat of reaction. This duplex polar capacity of the phenyl 
group is manifested in its ability to activate both prototropy (these 
papers) and anionotropy (Burton and Ingold, loc. tit.), and to confer 
stability on free radicals (idem, Proc. Leeds Phil . Soc., 1929, i, 421). 
Owing to its ambi-polar charge-distributing mechanism, phenyl 

vTa 

tends to absorb the charge on C a in either polarisation Ph-Ca^Cjg, 

Ph“C a — C^e, with the result, inter alia, that Aryl-CHICH*CH 2 [H] and 
Aryl*OH;CH‘CH 2 [Br] are stable tautomerides ; to attribute such 
phenomena to a special 44 non-polar element of stability associated 
with conjugated systems ” is to conceal their essentially polar 
nature. Probably the simplest illustration of the duplex polar 
functions of phenyl is that additions of either polar sign to styrene 
are uniformly initiated at (Ingold, Ann. Reports, 1928, 146) ; for 
instance, addition of thiophenol to styrene occurs through the 
strongly basic (prone to co-ordinate) potential anion PhS e , whereas 
in the addition of hydrogen bromide the relatively unstable potential 
kation (proton) commences the attack; addition is probably 
initiated by a partly polarised molecule, with subsequent liberation 
of the more stable ion of the additive complex : 

Ph*CH=CH 2 — > Ph*CH CBvSPh — > Ph*CH 2 — CEL/SPh 

a & PhSH _| |_ H© 

Ph-CH=CH, — > Ph-CH— CH, — > Ph-CHBr— CH 3 

a j8 * HBr ^ g r e Br© 


Now in the case of a y-phenyl substituent, consideration of formula 
(XII), which shows the enolide ion in the critical stage preceding 
co-ordination of the proton, indicates that charge absorption will 
deactivate C y (like C a in styrene) and the proton will combine at C a ; 


\C\ vT\ O 
(XII.) Ph— c=c— C=C"~O e 

, v $ KJ* 


vT\ vT\ vTn 
C=CP h— C— C — 0 e (XIII.) 

y $ KJ* 


the phenyl group could activate C# towards a proton (like 0# in 
styrene), but the structure is such that Cg cannot take advantage 
of this tendency. In the case of a (3-phenyl substituent (XIII), the 
phenyl group will activate C r towards a proton (like C# in styrene) 
and this will favour combination at C y ; the other effect, namely, 
deactivation of Cp (like C a in styrene), does not enter into the 
problem for obvious reasons. Once again it is seen that the theory 
is adequate when properly applied. 
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In the experimental work here described, special attention has 
been given to the establishment of a small, but apparently real, 
anomaly, for which several explanations, none of which can as yet 
be proved, are possible. The system examined is the simple three- 
carbon system formulated on p. 970 (VII VTII), and the 
substituents R are of the forms normally characterised by the 
effects — I, — I + T, and + /. In the simple three-carbon system 
the anionic charge is necessarily borne by carbon and the essential 
consideration determining equilibrium pertains to the relative 
ionisability of the isomerides. Obviously the predominance of 
form (VII) (see equation) should diminish as the electron-affinity of 
R decreases (from — I to + I). The table shows that, although 
the three kinds of groups are arranged in the right way, the members 
of the central group are inverted amongst themselves. 

Type —l -I + T + 1 

R NMe a Et OMe Br Cl Me 

VII (%) >90 56-5 54-0 50-0 4S-0 

It is thought that this anomaly is probably related to the similar 
anomalies revealed in Tasman’s results on the alkaline hydrolysis 
of phthalides (Bee. trav . chim., 1927, 46, 653) and in handler’s on the 
alkaline saponification of benzoic esters (Annalen, 1926, 450, 1), 
though in the latter two examples of aromatic side-chain reactivity 
the anomaly relates to the halogens only and does not include 
methoxyl. It is possible (but the point must await proof) that these 
apparent inversions are dependent on changes shown to be possible 
by Sidgwick’s limiting-valency rule, and in a classification of groups 
relating to an aspect of aromatic substitution more closely analogous 
to prototropy than ordinary hydrogen substitution, a — T effect 
has tentatively been ascribed to halogens (other than fluorine) in 
the presence of basic reagents. 

Experimental. 

Methyl Compounds. 

x.-'p-Methylbenzylcinnamic Acid (formula as VIII). — p-Methyl- 
cinnamic acid was obtained in 70% yield by condensing ^p-tolu- 
aldehyde with maJonic acid in pyridine solution in the presence of 
piperidine on the steam-bath. (3-p-Tolylpropionic acid can be 
obtained from it by reduction with phosphorus and hydriodic acid 
(von Miller and Rohde, Ber., 1890, 23, 1898), but is contaminated 
with a considerable quantity of p-toluic acid : the use of 3% sodium 
amalgam (Rrober, ibid., p, 1053) gives a pure product. 

, Sodium g-p-tolylpropionate (45 g.), benzaldehyde (26 g.), and 
%getic anhydride (30 g.) were heated together at 160° for 10 hours, 
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the melt was poured into a solution of crystallised sodium carbonate 
(150 g.) and extracted with ether, and the extract washed twice with 
22V-sodium hydroxide. The ethereal extract contained a hydro- 
carbon, and the alkaline washings on acidification yielded 2 g. of 
a-p-methylbenzylcinnamic acid , which separated from dilute alcohol 
in long prisms, m. p. 181°, and instantly decolorised alkaline 
permanganate (as did also all the substituted cinnamic acids 
described later in this paper) (Found : C, 81*0; H, 6*4. 0 17 h 16 0 2 
requires C, 80*9 ; H, 6*3%). A further quantity was obtained from 
the sodium carbonate solution by acidification and fractional 
crystallisation of the product from dilute alcohol, 

a-Benzyl-^-methylcinnamic Acid (formula as VII) . — p-Tolualde- 
hyde (48 g.), sodium |3-phenylpropionate (69 g.), and acetic anhydride 
(49 g.) were heated at 150° for 8 hours and the procedure described 
above (sodium carbonate, 300 g.) was then followed. The sodium 
hydroxide washings on acidification yielded a.-benzyl-'p-methyl- 
cinnamic acid (2 g.), which separated from alcohol in needles, m. p. 
200° (Found : C, 80*8 ; H, 6-3%). A further quantity (5 g.) was 
isolated from the sodium carbonate solution. The ethereal extract 
yielded 25*5 g. of p-tolualdehyde, b. p. 92 — 94°/13 mm., and a 
hydrocarbon. 

The following m. p.’s are uncorrected, but were determined under 
identical conditions. The m. p.’s of artificial mixtures of the two 
preceding acids lie on a two-branch curve, the eutectic point of 
which corresponds to a mixture, m. p. 163°, containing 64*0% of 
a-p -methylbenzylcirmamic acid (A). 

A, % 0*0 20*8 35-2 47-9 56-8 68*2 854 100*0 

M.p 200-0° 190-0° 181-5° 175-5° 168-0° 165-0° 173-5° 181*0° 

Interconversion of the Ethyl Esters . — Preparation of the esters . 
These two esters, and those described subsequently, were obtained 
by the action of ethyl iodide upon the silver salts. Ethyl oc-p-methyU 
benzylcinnamate (VIII ; R = Me) is a odourless oil, b. p. 178 — 
180°/1 mm., 197—198°/6 mm. (Found : 0, 81-2; H, 7-2. C 19 B^ a 0 2 
requires 0, 81*4; H, 7*2%). Ethyl u-benzyl-'p-methylcinnamate 
(VII; R = Me) also is a colourless oil, b. p. 205— 207°/7 mm., 
nf 1*58415 (Found : 0, 81*0 ; H, 7*4%). 

Alkaline hydrolysis of the esters. The standard conditions and 
the method of isolation described for the methoxy-compounds 
(J., 1929, 447) were employed. As only a small quantity (0*01 g.) 
was used for a m. p. determination, the whole of the hydrolysis 
product was first melted, to ensure homogeneity. The ester (VII) 
gave 96% of uhpurified Acid, m. p. 200*0°, and the ester (VIII) gave 
95%, m. p. 180-5° (the m. p.’s of the pure acids are 200*0° and 
181*0°, respectively). 
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These results establish (a) that no inter conversion of the isomerides 
takes place in the presence of hydroxide ions at 100° under the 
conditions given, and (b) that, since the yields are practically 
quantitative in both cases, and no impurities affecting the m. p.’s 
of the acids are introduced, hydrolysis and subsequent thermal 
analysis of the acids can be used to follow the interconversion of 
the esters. 

Stability of the esters to heat . Bedistillation of the esters and 
subsequent hydrolysis gave the same results. The esters were 
interconverted under the standard conditions (l^S-V-alcoholic 
sodium ethoxide at 85°), the approach towards equilibrium being 
followed by hydrolysis under the standard conditions, and thermal 
analysis. 



Time at 85° 




Isomeride 

with NaOEt 

M. p. of 

Isomeride 

(hour’* 1 ). 

used. 

(hours). 

acids. 

VIII, %. 


f 0-0 

200-0° 

0-0 

— 


4*0 

191-5 

17-0 

0-099 


10*5 

179-0 

39-0 

0-132 

VII 

- 22-0 

172-5 

50 -5 

0-059 


31*0 

172-0 

51*0 

0*065 


48-0 

171*5 

52-0 

— 


168-0 

171-5 

52-0 

— 


148*0 

171-5 

52-0 

— 

VIII 

J 22*0 

162-0 

64-0 

0*063 


1 2-0 

176*0 

89-0 

0*115 


1 0-0 

181-0 

100-0 

— 


Equilibrium : VIII (52-0%) ;==== (48*0%) VTI; k ± + k 2 (mean) = 
0-088 hr.- 1 ; kjk^ = 1*083 ; k x = 0*0046 ; \ = 0*0042. 

Ghloro - compounds . 

oc-p- Chlorobenzylcinnamic Acid (formula as VIII). — p-Chloro- 
cinnamie acid was obtained by condensing p-chlorobenzaldehyde 
(50 g.) and malonic acid (37 g.) with piperidine (5 c.c.) in pyridine 
(125 c.c.); it separated from alcohol in fine colourless needles 
(yield, 85%), m. p. 244 — 245°. Gabriel and Herzberg (Ber., 
1883, 16, 2037) described it as yellow and indistinctly crystalline, 
m. p. 240 — 242°. The acid was rapidly reduced by 3% sodium 
amalgam at about 45° and gave a 75% yield of (3-^>-chlorophenyl- 
propionic acid, m. p. 122° after crystallisation from dilute acetic 
acid. 

Sodium P-p-chlorophenylpropionate (62 g.), benzaldehyde (32 g.), 
and acetic anhydride (34 g.) were heated at 160° for 8 hours and the 
melt was poured into a solution of 100 g. of crystallised sodium 
carbonate. After 12 hours, the white solid was filtered off, washed 
with ether, suspended in warm water, and agitated with hydrochloric 
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acid. The precipitate was filtered off and twice crystallised from 
alcohol, a-p -chlorobenzylcinriamic acid being obtained in clusters of 
prisms (10 g.), m. p. 194-5° (Found : C, 70-0; H, 4-9. C 16 H 13 0 2 C1 
requires C, 70-4; H, 4-8%). 

Extraction of the aqueous liquor with ether gave a solution con- 
taining a chlorohydrocarbon and the above acid (4 g., removed by 
sodium hydroxide) ; on acidification, the sodium carbonate solution 
gave a further quantity of the acid (57 g., crude). 

•p-Chloro-x-benzylcinnamic Acid (formula as VII). — Sodium 
p-phenylpropionate (49 g.), p-chlorobenzaldehyde (40 g.), and acetic 
anhydride (35 g.) were heated together for 8 hours at 160°, and the 
melt was poured into a solution of 100 g. of crystallised sodium 
carbonate. The solution was extracted with ether and then acidified. 
The acid product separated from boiling alcohol in colourless needles, 
m. p. 163°, unchanged by further crystallisation (Found : C, 68-5, 
68*6; H, 4*5%). These figures indicate that the product consisted 
of a mixture of the required acid (82%) and p - ehlor ocinnamic acid 
(18%) ; these could not be separated by fractional crystallisation. 
The mixed acids (10 g.) were treated with two successive quantities 
of sodium carbonate (50 c.c. ; 2*2 g. !Na 2 C0 3 in 150 c.c. water), from 
which, by acidification of the two filtrates, three fractions, A, B, and 
C, were obtained. 

Fraction A, recrystallised from alcohol, melted at 223 — 225° and 
consisted largely of p -chlorocinnamic acid. 

Fractions B and 0, recrystallised from alcohol, gave p -chloro- 
ix-benzylcinnamic acid in colourless needles, m. p. 171*5° (Found : 
C, 70-3; H, 4*7%). 

Mixtures of a-p-ehlorobenzylcinnamic and #-chloro~a-benzyl- 
cinnamic acids melted as follows : A denotes the former acid. 

A, % 0 20-6 31*6 36*2 42*0 46*9 60*3 53*6 69*7 100*0 

M. p. 171*6° 162*5° 166*5° 163*5° 155*0° 161*0° 165*0° 168*0° 178*0° 194*5° 

Interconversion of the Ethyl Esters. — Ethyl cc-p-chlorobe?izyL 
cinnamate (VIII; R = Cl) has b. p. 197°/3 mm. and separates from 
ligroin (b. p. 40 — 60°) in prisms, m. p. 55° (Found : C, 71*8 ; H, 5-8. 
C 18 H 17 0 2 C1 requires C, 71*9; H, 5*7%). Ethyl ^-chloro-a-benzyl- 
cinnamate (VII; R = Cl) has b. p. 208°/6 mm. (Found: C, 71*8 ; 
H, 5*7%). 

Under standard conditions, hydrolysis of (VIII) afforded a 
quantitative yield of the corresponding acid, m. p. (crude) 194°, and 
(VII) gave a 99% yield of its acid, m. p. 170*5°. 

The interconversion of the esters in l*45V-alcoholic sodium 
ethoxide was observed in the maimer described for the methoxy- 
and methyl compounds. 
ll2 
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Time at 85° 



&i Hb 

Isomeride 

with. NaOEt 

M. p. of 

Isomeride 

used. 

(hours). 

acids. 

VIII, %. 

(hours" 1 ). 



r o 

171*5° 

0 

— ■ 

VII 

j 

1 1-0 

148*0* 

41*0 

(1*71) 

i 

, 2*0 

157*5 

43*5 

1*02 


1 

116*0 

165*0 

50*0 

— 



f32*0 

165*0 

50*0 

— 



16*0 

165*0 

50*0 

• — 



8*0 

165*0 

50*0 

— 

VIII 

- 

2*0 

169*5 

56*0 

1*07 



1*0 

176*5 

67*0 

1*08 



0*5 

185*0 

82*0 

0*90 



vO 

194*5 

100*0 

— , 



* This is very near the eutectic. 


Equilibrium : 

VIII (50'0%) 

^ vn ( 50 - 0 %) ; k t 

+ h 2 (mean) 

1-02 hr.- 1 ; kjk 2 = 

100; 

II 

.4* 

II 

0-51. 



Bromo-compounds , 

OL-V-Bromobenzylcinnamic Acid (formula as VIII). — Sodium 
(3-p-bromophenylpropionate (Gabriel and Zimmermann, Ber., 1880, 
13, 1683) (67 g.), benzaldehyde (28 g.), and acetic anhydride (33 g.) 
were heated together for 10 hours at 160° and the melt was sub- 
mitted to the usual treatment. The sodium hydroxide washings 
of the ethereal extract yielded on acidification cc-p-bromobenzyl- 
cinnamic acid } which crystallised from alcohol in prisms, m. p. 200 a 
(^ound : C, 60-8 ; H, 4-1. C 16 H 13 0 2 Br requires C, 60*5 ; H, 4*1%). 

The sodium carbonate liquor gave a large quantity of an acid, 
which was not investigated, and the ethereal extract contained a 
bromohydrocarbon. 

p -Bromo - a -benzylcinnamic Acid (formula as VU). — p-Bromo- 
benzaldehyde (Jackson and White, Ber., 1878, 11, 1023) (24 g.), 
sodium (3-phenylpropionate (23 g.), and acetic anhydride (17 g.) 
were similarly treated. The sodium hydroxide washings gave 
p-bromo-a-benzylcinnamic acid , which was obtained in fine long 
needles, m. p. 193°, after several crystallisations from ethyl acetate- 
ligroin (Found : C, 60/5 ; H, 4-0%). The sodium carbonate solution 
yielded a large quantity of p-bromoeinnamic acid, m. p. 257° after 
two crystallisations from boiling absolute alcohol (Found : 0, 47*8; 
H, 3-0. Calc, for C 9 H 7 0 2 Br ; C, 47-6; H, 3-1%). The ethereal 
extract contained a bromohydrocarbon. 

Mixtures of the two acids melted as follows : A denotes oe-p- 
bromobenzyMnnamic acid : 

A, % ......... 0 15*9 35*1 57*2 68*0 86-2 100*0 

M.p. ......... 193*0 Q 186-0° 177*0° 178*0° 184*0° 192*5° 200*0° 

Interconversion of the Ethyl Esters . — Ethyl a-p-bromobenzyl- 
cinnamate (VUE; B = Br) is a colourless oil, b. p. 200°/l mm. 
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(Found: C, 62*6; H, 4*9. C 18 H 17 0 2 Br requires 0, 62-6 ; H, 4*9%). 
Hydrolysis under the standard conditions affords the corresponding 
acid, m. p. 200° without purification, in 98% yield. Ethyl $-bromo - 
cc-benzylciniiamate (VII ; R = Br) is a colourless oil, b. p. 200°/3 mm. 
(Found: 0, 62*6; H, 5*0%); on hydrolysis under the standard 
conditions it gives the corresponding acid, m. p. 193° without 
purification, in 98*5% yield. 

The esters were interconverted under the standard conditions and 
the process was followed by hydrolysis (standard conditions) and 
thermal analysis. In the case marked with an asterisk 0*45 g. of 
ester was used. 



Time at 85° 




Isomeride 

with NaOEt 

M. p. of 

Isomeride 

d” kz 

•used. 

(hours). 

acids. 

VIII, %. 

(hour -1 ). 



f 0 

103*0° 

0 



VII 

- 

2*0 

178*0 

33*0 

0*631 



[24*0 

172*0 

46-0 

— 



f 36*0 

172*0 

46*0 

___ 



24*0 

172*0 

46*0 



VIII 


12*0 

4-8 

171*5 

172*5 

46*5 

48*0 

(0*375) 

0*671 



2*0 

181*0 

62*5 

0*592 



1*0* 

185*5 

71*0 

0*659 



l 0 

200*0 

100*0 

— 


Equilibrium ; VIII (46*0%) VII (54*0%) ; 7c x + k 2 (mean) = 
0*64 hr.- 1 ; kjk 2 = 0*852 ; k x = 0*30 ; k 2 = 0*34. 

Iodo-compounds . 

a-p -Iodobenzylcinnamic Acid (formula as VIII). — ^-Iodobenzalde- 
hyde was prepared by oxidation of ^-iodobenzyl bromide with 
copper nitrate solution and had m. p. 76°. The aldehyde (20 g.) 
and malonic acid (9 g.) were condensed in pyridine solution with 
piperidine (2 c.c.) ; thep-iodocinnamic acid obtained separated from 
boiling alcohol in colourless prismatic needles, m. p. 264° (decomp.) 
(Gabriel and Herzberg, Ber.> 1883, 16, 2039, describe the acid as 
yellow and incompletely crystalline, decomposing at 255° without 
melting) (Found; 0, 39*4; H, 2*6. Calc, for C 0 H 7 O a I : C, 39*4; 
H, 2*6%). 

Gabriel and Herzberg obtained the dihydro-acid by reduction 
with phosphorus and hydriodic acid for a short period (undefined). 
Little reduction takes place under these conditions, and the use of 
sodium amalgam in alkaline solution at 45° yields only p-phenyl- 
propionic acid. (B-p-Iodophenylpropionic acid is best obtained by 
iodination of (3-phenylpropionic acid in 50% acetic acid with a 10% 
excess of iodine monochloride. The mixture, which becomes hot, 
is kept on the steam-bath for % hour. After 12 hours, the product 
is dissolved in ether and the solution is washed with aqueous sodium 
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thiosulphate and with water, dried, and evaporated. A large part 
of the residual oil solidifies after 48 hours ; the acid is drained and 
then crystallised from 40% acetic acid; m. p. 139°. Yield, 14 g. 
from 50 g. of (3-phenylpropionic acid. 

Sodium p-p-iodophenylpropionate (34-5 g.), benzaldehyde (12-5 g.), 
and acetic anhydride (13 g.) were heated at 150 — 155° for 6 hours 
and the melt was poured into a solution of sodium carbonate (50 g.). 
After 12 hours, the solid (sodium salt of the required acid) was 
removed and washed with ether ; the filtrate was extracted with 
ether. The extract, after being washed with N - sodium hydroxide, 
contained an iodohydrocarbon. The sodium carbonate solution, 
acidified with 2iV-hydrochloric acid at 0°, gave oc-'p-iodobenzyl- 
cinnamic acid (5 g.), m. p. 219-5° after crystallisation from glacial 
acetic acid (Found : C, 52-5 ; H, 3*5. C 16 H 13 0 2 I requires G, 52*7 ; 
H, 3*6%). The sodium hydroxide washings also gave a small 
quantity of this acid. 

-p-lodo-oc-benzylcinnamic Acid (formula as VII). — p-Iodobenzalde- 
hyde (46 g.), sodium (3-phenylpropionate (34 g.), and acetic anhydride 
(25 g.) were heated together at 170 — 180° for 7 hours ; the melt was 
poured into excess of sodium carbonate solution and treated as in 
the preceding case. The ethereal extract and the sodium hydroxide 
washings contained an iodohydrocarbon and p-phenylpropionic acid 
respectively. 

The solid initially precipitated by the sodium carbonate was 
suspended in 2N -hydrochloric acid at 40—45° and stirred for \ hour ; 
the product was a mixture of pdodocinnamic acid (2 parts) and 
p-iodo-a-benzylcinnamic acid (1 part), which could not be separated 
by fractional crystallisation (Found : C, 44-7, 44*8; H, 3*0, 3*1%). 
The mixture (10 g.) was converted through the acid chlorides 
(by thionyl chloride) into the ethyl esters, which were distilled. The 
lower fraction obtained (5 g.), b. p. 175 — 180°/5 mm., mainly at 
177 °/5 mm., crystallised readily, and separated from ice-cold 
ligroin (b. p. 40 — 60°) in long needles, m. p. 37 — 37*5°, consisting of 
ethyl p-iodocinnamate , identical with a specimen prepared from 
synthetic p-iodocinnamic acid. The second fraction (3-5 g.), b. p. 
180 — 230°/5 mm., partly solidified; after being drained, the solid 
was crystallised from ligroin (b. p. 40 — 60°), giving ethyl p-iodo- 
*-benzyhimiamate , m. p. 53*5° (Found : C, 54*9 ; H, 4*4. C 18 H I7 0 2 I 
requires C, 55*1; H, 4*4%). On hydrolysis under the standard 
conditions, this ester gave pure p-iodo-a-benzylcinnamic acid, m. p, 
232° after crystallisation from alcohol (Found : C, 52*3 ; H, 3*7%). 

On account of the decomposition which occurred in the later stages 
of the foregoing distillation, the following separation is to be pre- 
ferred. The mixed acids (25 g.) were treated with a solution of 
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2-2 g. of sodium carbonate at 100° and the hot liquid was filtered. 
The filtrate gave a granular precipitate (A) on acidification. Repeti- 
tion of the process afforded a flocculent precipitate (B). Recrystal- 
lisation of (A) and (B)from alcohol gave p-iodocinnamic acid (13 g.) 
and ^-iodo-a-benzylcinnamic acid (7 g.), m. p. 229 — 230°, respec- 
tively. The sodium hydroxide washings (above) also gave a very 
small quantity of the latter acid. 

Mixtures of oc-p-iodobenzylcinnamic acid (C) and p-iodo-a-benzyl- 
cinnamic acid melted as follows : 

C, % 0 19*0 39*0 47*2 57*0 61*0 66*4 79*1 100*0 

M. p. 232*0° 222*0° 210*5° 206*5° 201*5° 199*0° 204*0° 210*0° 219*5° 

Interconversion of the Ethyl Esters . — Ethyl u-ji-iodobenzylcinnamate 
(VIII; R = I) has b. p. 212 — 214°/2 mm., and melts at 46*5° after 
crystallisation from ligroin (b. p. 40 — 60°) (Found : C, 55*0 ; H, 4*4. 
C 18 H 17 O a I requires C, 55*1 ; H, 4*4%). Ethyl ^-iodo-a-benzyl- 
ciimamate (VII ; R = I), m. p. 53*5°, prepared from the silver salt 
was identical with the ester described above. 

Hydrolysis . The esters (VII) and (VIII) gave quantitative 
yields of the respective acids, m. p.’s 232° and 219°, on hydrolysis 
with aqueous-alcoholic alkali (standard conditions). They are 
hydrolysed with extraordinary ease by acids, even by cold 2V-acetic 
acid. 

Action of sodium ethoxide. Treatment of either ester with 1-45V- 
sodium ethoxide at 85° caused conversion into the other, since, by 
hydrolysis under the standard conditions and fractional crystal- 
lisation of the product from acetic acid, both acids were obtained. 
Owing to the presence of impurities produced by a secondary 
reaction, probably involving the iodine atom, the composition of 
the equilibrium mixture of the acids could not be determined from 
the melting-point diagram. The esters could not be distilled owing 
to hydrolysis taking place, and the following procedure was therefore 
adopted. 

Preliminary experiments indicated that the ester (VII) was more 
prone 1 6 decomposition than the isomeride (VIII) ; and that the 
quantity- of the new isomeride produced during very short periods of 
interconversion ( J \ hour) was insufficient to give, after hydrolysis, 
a saturated solution of the corresponding acid in ethyl acetate at 0°. 
To minimise errors due to the secondary reaction, the ester (VIII) 
was employed : it was treated with l*45V-sodium ethoxide at 85°, 
the product hydrolysed raider the standard conditions, and the acids 
isolated in the usual manner. A known weight (0*20 g.) of the 
cooled fused acids was dissolved in ethyl acetate, and the solution 
concentrated by evaporation in a graduated test-tube as far as was 
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possible without separation of solid. The solution, its volume 
having been noted, was kept for 16 hours in the ice-chest and the 
cryst allin e product was then collected and weighed. Its com- 
position was determined by thermal analysis (the mixtures showing 
binary character), and a correction made for the solubility of each 
isomeride in a saturated ethyl acetate solution of the other at 0°. 


Time at $5° with 

Wt. crude 

Wt. cryst. 

Vol. EtAc 

XaOEt (hrs.). 

acids (g.). 

acids (g.). 

(c.c.). 

2 

0-1990 

0-1428 

1-7 

3 

0-1994 

0-1425 

2-0 

4 

0-1998 

0-1522 

2-0 

M. p. of cryst. % 

Isomeride 

'% VII, corr. for 

7c i “j- Ic* 

acids. 

VII. 

solubility. 

(hr.-*)." 

203-0°* 

35-0 

33-7 

0-47 

200-0* 

38-5 

36-S 

0-37 

200*5f 

42-0 

40-2 

0-33 


* Depressed by trace of acid (VII). f Elevated by trace of acid (VII). 

Owing to the secondary reaction, the equilibrium point could not 
be ascertained. The velocity coefficients are calculated on the basis 
of the assumed equilibrium VIII (45%) (55%) VII, which is 

approximately that found for the bromo -esters. 

The solubility of a-p-iodobenzylcinnamic acid (0*00592 g./c.c.) 
and of p-iodo-a-benzylcinnamic acid (0*00157 g./c.c.) in a saturated 
ethyl acetate solution of the other was determined by saturating 
ethyl acetate with both acids, keeping the solution at 0° for 16 
hours, and evaporating a known volume of the solvent ; the com- 
position of the residue was found by thermal analysis. 

Dimethylamino-compounds. 

oi-j)-Dimethylaminobenzylcinnamic Acid (formula as VIII). — 
p-Dimethylaminobenz aldehyde (300 g.) and malonic acid (213 g.) 
were heated in pyridine (500 c.c.) in the presence of piperidine 
(20 c.c.) for some hours on the steam-bath. When the mixture 
ceased to evolve carbon dioxide, it was poured into a large volume 
of ice-water containing 500 c.c. of glacial acetic acid. The precipi- 
tate crystallised from boiling alcohol in yellow plates (335 §.), m. p. 
225° (vig. decomp.). Weil (. Monatsh ., 1908, 29, 899) gives m. p. 
216° (decomp.). 

The foregoing acid (250 g.) was reduced with 3% sodium amalgam 
at 45— 50°, and the product isolated by acidification with hydro- 
chloric acid (Congo) and treatment with saturated sodium acetate 
solution. The p-p-dimethylaminophenylpropionic acid formed 
colourless prisms, m. p. 106°, from dilute alcohol : a further quantity 
was obtained by extraction of the mother-liquor with ether (total 
140 g*}* The sodium salt (120 g.), benzaldehyde (60 g.), and 



SYMMETRICAL TRIAL PROTOTROPIC SYSTEMS. PART VI. 983 

acetic anhydride (66 g.) were heated together for 9 hours while the 
temperature rose from 160° to 180°, the melt was then poured into 
an excess of sodium carbonate solution, and the mixture wa 3 
extracted with ether after standing. The aqueous liquid, by 
acidification and treatment with sodium acetate solution with 
mechanical stirring, afforded a-p -dimethylamimbenzylcimiamic acid 
(24 g.), m. p. 146° after repeated crystallisation from methyl alcohol 
(Found : C, 76*7 ; H, 6*7. C 18 H 19 0 2 N requires C, 76*9 ; H, 6*8%). 
A little more was obtained by acidification of the sodium hydroxide 
washings of the ethereal extract; the latter contained a small 
quantity of the p-dimethylamino-base. 

p -Dimethylamino-oc-benzylcinnamic Acid (as VII). — Condensation 
of potassium (3-phenylpropionate (63 g.), ^-dimethylaminobenzalde- 
hyde (50 g.), and acetic anhydride (38 g.) at 160 — 170° for 9 hours, 
and isolation of that portion of the product soluble in hydrochloric 
acid but precipitated by sodium acetate, furnished an acid, m. p. 
23 2° (decomp.) after crystallisation from methyl alcohol. The 
quantity was insufficient for analysis, but the following observations 
indicate that the acid was p-dimethylamino-a-benzylcinnamic 
acid. 

a-p-Bimethylammobenzylcinnamic acid was heated with sodium 
ethoxide solution under the standard conditions for 48 hours; the 
product was isolated by acidification and addition of sodium acetate. 
Crystallisation from methyl alcohol yielded a-p-dimethyiamino- 
benzylcinnamic acid, m. p. 144°, and a less soluble acid, m. p. 230° 
(decomp.) after repeated crystallisation (m. p. of a mixture with the 
above acid, 22 9° decomp.). Ozonolysis in glacial acetic acid 
solution yielded an acid, m. p. above 200° (p - dimethylaminobenz oic 
acid ?), in quantity insufficient for complete purification; benzoic 
acid was not obtained. 

a-p-Dimethylaminobenzyl- and p-dimethylamino-a-benzyhcin- 
namic acids do not yield a m. p.-composition diagram of the usual 
form, probably owing to decomposition of the latter acid. Since 
thermal analysis could not be employed to estimate the composition 
of mixtures of the acids, the ethyl esters were investigated. Ethyl 
&-ip-dimethylamimbenzylcimwmate (VIII; B = NMe 2 ) was obtained 
from the silver salt of the corresponding acid by treatment with 
1 mol. of ethyl iodide in an equal volume of chloroform ; it separated 
from ligroin (b. p. 40 — 60°) in rectangular prisms, m. p. 62*5° 
(Found; C, 77*6; H, 7*4. C 20 H 23 O 2 N requires C, 77*6; H, 7*5%). 
On hydrolysis under the standard conditions it gave the correspond* 
ing acid, m. p. 146° without purification. As partial hydrolysis 
during isolation of the mixed esters obtained by equilibration of this 
ester with T45V-sodium ethoxide could not be prevented, the 
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preparation of the isomeric ester (VII) and the plotting of a 
m. p -composition diagram for the esters were not proceeded 
with. 

The conversion of the ester (VIII) into its isomeride in the 
presence of l*45V-s odium ethoxide could be proved qualitatively 
only after 65 hours’ treatment : from 0*50 g. of the ester (VIII), 
0*02 g. of p-dimethylamino-a-benzylcinnamic acid, m. p. 229 — 
230°, was isolated after hydrolysis under the standard conditions ; 
the remainder (0*38 g.) consisted of the more soluble isomeric acid. 
These experiments indicate a minim um conversion of about 4% 
in 65 hours ; in the absence of knowledge relating to the position of 
equilibrium, and assuming this to be of the same order as that 
found for the methoxy-compounds (J., 1928, 447), it appears that 
the mobility of the dimethylamino-compounds is much smaller 
than that of the methoxy-compounds. 

Dimethylethylammonium Compounds . 

Internal Salt of p-fi-Carboxy-y-phenylallylphenyldimethylethyl- 
ammonium Hydroxide. — Silver a-p-dimethylaminobenzylcinnamate 
was treated with an excess of ethyl iodide on the steam-bath for 
4 hour. The mixture of crystalline solid and silver iodide produced 
was extracted with much boiling acetone. The extract, on addition 
of ligroin, cooling, and stirring, gave the molecular compound of 
p- P-carbethoxy-y-phenylallylphenyldimethylethylammonium iodide 
and silver iodide (1 mol.) in colourless pearly plates, m. p. 155—156° 
(Found: C, 38*4; H, 4*0; ionic I, 18*5, 18*6; Agl, 34*3. 
C^HggO^Agl requires C, 37*8; H, 4*0; ionic I, 18*1; Agl, 
33*6%). By treatment with silver hydroxide in warm aqueous 
acetone solution, filtration, evaporation, and addition of alcoholic 
picric acid, p -fi-carbethoxy-y-phenylallylphenyldimethylethylammonium 
picrate , m. p. 130° after crystallisation from methyl alcohol, was 
obtained (Found : C, 58*6; H, 5*2. C^HaoOJSf, requires C, 59*3; 
H, 5*3%). 

The molecular compound was boiled in aqueous-acetone solution 
with silver chloride, and the filtered solution evaporated ; prolonged 
desiccation yielded a resinous solid, which could not be purified. 
This was probably the betaine, since it contained no ionisable 
halogen and gave with sodium picrate a sodium salt-picrate, m. p. 
270° (decomp.). A satisfactory analysis could not be obtained, 
but ozonolysis in glacial acetic acid solution gave an almost quanti- 
tative yield of benzoic acid : 

e • 

2ffie 2 Et*0 8 S 4 *CH a *C(CO 2 e )4 :: 0H‘C 6 H g — ■> C0 2 H>C 6 H 5 
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The resinous solid (0*50 g.) was treated with a solution of 0*54 g. 
of sodium in 15 c.c. of ethyl alcohol (giving an active ethoxide-ion 
concentration equal to that of l*45iV-sodium ethoxide) for 24 hours 
at 85°. The cooled product was poured into water, neutralised with 
hydrochloric acid, and evaporated to dryness. The residue was 
extracted with successive small quantities of hot glacial acetic acid 
and the combined extracts were treated with ozonised oxygen. 
From the ether-soluble portion of the decomposition products, 
only a trace of benzoic acid (a few mg.) could be isolated. The 
water-soluble portion yielded no identifiable substance. 

Attempts were made to synthesise the pairs of isomerides in 
which the ^-substituents were NHAc or ON. p-Cyanobenzaldehyde, 
m. p. 100°, prepared from p-cyanobenzyl bromide, condensed with 
sodium p-phenylpropionate and acetic anhydride at 160° to yield 
almost entirely p-cyanocinnamic acid, m. p. 254° after crystal- 
lisation from nitrobenzene (Found : C, 68*5 ; H, 3*6. Calc, for 
C 10 H 7 O 2 N : C, 69*4; H,4*0%). p-Acetamidobenzaldehyde, sodium 
P-phenylpropionate, and acetic anhydride at 180 — 200° gave an 
add, m. p. 267° after repeated crystallisation from nitrobenzene, to 
which no formula has been assigned (Found : 0, 71*2, 71*3; H, 
5*5, 5*8; N, 5*7, 5*7%). p-Acetamidocinnamic acid, yellow 
prismatic needles, m. p. 261° (decomp.), was readily obtainedin 78% 
yield from p-acetamidobenzaldehyde and malonic acid in the 
presence of piperidine. Reduction of this with sodium amalgam 
at 40 — 45° in the presence of carbon dioxide afforded P-p-acetamido- 
phenylpropionic acid, which crystallised from 2JV-acetic acid as the 
monohydrate, m. p. 124° after softening at 87 — 88° (Found : C, 
59*3; H, 6*6. C u H ia 0 3 N,H 2 0 requires C, 58*8; H, 6*7%). 
Desiccation gave the anhydrous acid, m. p. 143°. Sodium p -p- acetyl - 
phenylpropionate, benzaldehyde, and acetic anhydride condensed 
at 160 — 170° to furnish an acid, m. p. 233 — 234°, of unknown 
constitution (Found : C, 71*0; H, 5*8; N, 4*9, 4*9%). 

The author desires gratefully to acknowledge the kindly interest 
and advice of Professor 0. K. Ingold, F.R.S., and grants from the 
Chemical Society and the Royal Society which have partly defrayed 
the cost of the work. 


The University, Leeds. 


[. Received , February 15th, 1930 .] 
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CXXI. — Cannabis Indica Resin. Part I * The Con- 
stitution of Nitrocannabinolactone ( Oxycannabin ). 

By Robeet Sidkey Cah asr. 

The general problem presented by Cannabis Indica resin, the 
essential portion of the drug known as hashish, bhang, etc., will 
be considered in a later communication. The present paper is 
c onfin ed to oxycannabin, which is a product of oxidation by concen- 
trated nitric acid of the higher-boiling portions of the resin. 

Oxycannabin has been assigned various formulae, viz ., C 20 H 20 O 7 lSr 2 
(Bolas and Francis, J., 1869, 22, 417 ; Chem. News , 1871, 24, 77), 
C 10 H i:l O 4 N (Ihmstan and Henry, P., 1898, 44), and G 1 JEL ll O-JK 
(Wood, Spivey, and Easterfield, J., 1899, 75, 20), the last of which 
has been confirmed in the present investigation. Wood, Spivey, 
and Easterfield removed the nitro-group, via the amino- and iodo- 
groups, to obtain the substance C n H 12 0 2 ; this they termed eanna- 
binolactone, renaming oxycannabin as nitrocamiabinolactone. 
Among other results they showed that cannabinolactone on 
fusion with potassium hydroxide yielded m-toluic acid, and as, 
further, it contains an excessively stable lactone group, they con- 
cluded that it must be represented by one of the y-lactonic formulae 
(I)— (III). 

Me 

( >9h-ch 2 -9h 2 

v o CO 

(I.) 

They did not, however, consider the possibility of its being a 
phthalide derivative, although these are known readily to yield 
derivatives of benzoic acid on fusion with alkali. 

Hydroxycannabinolactone was chosen as the starting point of the 
present investigation, as it was hoped by means of this substance to 
determine also the position of the substituent group (compare 
Bauer, Btr 1908, 41, 503, who obtained m-hydroxybenzoic acid 
from methoxy-aa'-diethylpht halide) . Hydroxycannabinolactone 
(prepared by boiling a diazotised solution of the amino-compound) 
on fusion with potassium hydroxide at 290 — 300° yielded 6-hydroxy - 
m-toluic acid and acetone, which are the products to be expected 
from a substance having either formula (IV) or (V) (Gucci, B. 
Accad . Lintei , 1897, 6, i, 295). The production of acetone renders 
untenable formulae (II) and (III) for cannabinolactone (also those 
representing it as an ethylphthali.de), but is not incompatible with 



9 H-CH 2 ~90 

CH 2 O 

(II.) 


;-9h-ch 2 ”9h 2 
co 0 

(III.) 
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formula (I). In this last case oxidation, starting at the carbon 
atom carrying the hydroxyl group formed by opening of the lactone 


(IV.) 


Me 


, > 0 “ 
^co 



ring, would yield potassium malonate, from which acetone would 
be formed. Wood, Spivey, and Easterfield, however, showed that 
only the methyl group of cannabinolactone was oxidised by excess 
of alkaline potassium permanganate solution, and the present 
author found that under similar conditions nitrocannabinolactone 
absorbs only the three atoms of oxygen necessary for oxidation of 
the methyl group. On account of the stability of the alcoholic 
hydroxyl group, which must be present in alkaline solutions of 
cannabinolactone and its nitro-compound, it is impossible to regard 
these substances as primary or secondary alcohols.* The only 
constitution which gives rise to a tertiary alcoholic group on ring 
opening is that of a dimethylphthalide, for which the two possi- 
bilities (IV) and (V) remain. 

A by-product in the nitric acid oxidation of nitrocannabino- 
lactone was a tribasic acid, C 9 H 5 0 8 N, m. p. 228 — 230°, the formation 
of which Wood, Easterfield, and Spivey were unable satisfactorily 
to explain on the basis of their formulae (I) — (III). However, the 
dimethylphthalide formulation being assumed, this acid clearly has 
the structure represented by (VI) or (VII). The former has not 


C<\H 

no 2 /\co 2 h 

IJco 2 h 


<VL) 


COoH 


N°/\ 


x ;co*h 
co 2 k 

(VXD 


Me 



(VIH.) 


been synthesised. The latter melts at 175° (Schultz, Ber ., 1909, 
42, 3607) and thus cannot be identical with the acid from nitro- 
cannabinolactone, which must, therefore, be (VI). Nitrocannabino- 
lactone itself must then be represented by formula (VIII), 

During the preliminary experiments on the alkali fusion of 
hydroxycannabinolactone it was found that there was considerable 
danger of loss of carbon dioxide from the hydroxy- acid formed. 
In order to determine the conditions of the reaction, 4-hydroxy- 
dimethylphthalide (IX) was prepared from the corresponding amino- 

* H,g., mandelic acid was found to bo readily oxidised under the conditions 
used for nitrocannabinolactone. 
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compound * (Teppema, Bee . trav. chim., 1923, 42 , 30 ; Tasman, 
ibid,, 1927, 46 , 653). The cannabinolactone derivatives behave 
very similarly to those encountered in this preparation, the methyl- 
ation of the hydroxy-derivative being particularly noteworthy, 
and the relative stability of the nitro-, amino-, and methoxy-com- 
pounds agrees qualitatively with that established by Tasman {Joe. 
cit.) for phthalide derivatives. In an attempt to effect fission by a 

A /C >??ph (x.) 

xAco 

method in which the possibility of oxidation was excluded, 4-hydroxy- 
dimethylphthalide was heated with aniline to 300°. A nearly 
quantitative yield of ^-hydroxy-N -phenyl- vLOrdimethylphthalimidine 
(X) resulted : the same compound was also obtained by heating 
with aniline and aniline hydrochloride to 210° (compare Emmert 
and Meyer, Ber 1921, 54, 210). 

Experimental. 

Nitrocannabinolactone (oxycannabin), prepared according to 
the directions of Wood, Spivey, and Easterfield (loc. cit .), had the 
properties described by these authors (Found f : C, 59*8, 59*6 ; 
H, 5*1, 5-0 ; N, 6*6, 6*55 ; M , in camphor, 206, 196, 203, 212. Calc, 
for C n H n 0 4 N : C, 60*0 *, H, 5-0 ; N, 6*35% ; M, 221). The working 
up of the hashish used for this preparation will be described in a later 
communication. 

Am inocannabinolactone . — The following modification of Wood, 
Spivey, and Easterfield 5 s method of preparation is more convenient 
and gives an improved yield. Red phosphorus (5 g.) was added to 
a solution of nitrocannabinolactone (9 g.) in glacial acetic acid 
(36 c.c.) and hydriodic acid (27 c.c., d 1-7), and the whole heated 
under reflux for 2 — 3 hours. The solution was diluted with water 
(300 c.c.) and filtered hot into a hot solution of sodium hydroxide 
(34 g.) in water (500 c.c.). The weakly acid solution was again 
filtered hot from a small amount of gummy impurity, which was 
washed with boiling water. On cooling, aminocannabinolactone 
(5*3 g.) separated as an oil which at once crystallised when seeded 
and was quite pure, m. p. 120° (Wood, Spivey, and Easterfield give 
m. p. 119°). By concentration of the mother-liquor (charcoal) a 
further quantity (0*5 g.) was obtained, m. p. 117 — 118° (total yield, 
74*5% of the theoretical). 

* Named o-aminodimethylphthalide by these authors, who start numbering 
from the carbonyl group. 

t All analyses marked thus are microanalyses by Dr. Ing. A. Schoeller of 
Berlin. 


(IX.) 



HO 
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Hydroxycannabinolactone (IV). — When potassium nitrite (2*54 g. 
in a little water) was added to a cold solution of aminocannabino- 
lactone (5*7 g.) in 20% sulphuric acid (110 c.c.), and the mixture 
subsequently warmed on the water-bath until evolution of gas 
ceased, hydroxycannabinolactone separated in quantitative yield as 
an apricot-coloured powder. Recrystallised from aqueous alcohol 
or, better, from benzene, it formed pale yellow needles, m. p. 198 — 
199° (Found f : C, 68-5 ; H, 6*3. C n H 12 0 3 requires C, 68*7 ; 
H, 6*3%). The colour cannot be removed by ordinary methods, 
but the substance was recovered quite colourless from low-tem- 
perature potash fusions. Hydroxycannabinolactone dissolves 
immediately in cold sodium hydroxide and slowly in sodium bicarb- 
onate solutions (to give bright yellow solutions, if the coloured 
substance is used), and is precipitated unchanged on acidification. 
An alcoholic solution does not, however, evolve carbon dioxide on 
treatment with sodium bicarbonate solution. Acetylation by 
acetic anhydride was not satisfactory, but acetoxycannabinolactone 
was readily obtained by addition of acetyl chloride to an ice-cold 
solution of the substance in pyridine and subsequent treatment with 
water. It crystallised from a little alcohol in colourless needles, 
m. p. 93° (Found f : C, 66*3; H, 6*1. C 13 H 14 0 4 requires C. 66*6; 
H, 6*0%). 

Methoxycannabinolactone. — On shaking a solution of hydroxy- 
cannabinolactone (0*9 g.) in 8% sodium hydroxide solution with 
methyl sulphate (20 c.c., added in portions), a homogeneous solution 
was obtained, from which methoxycannabinolactone was precipitated 
on acidification. It crystallised from methyl alcohol in colourless 
prisms, m. p. 182° [Found f : C, 69*6; H, 6*9; MeO, 14*1. 
CiiH n 0 2 (OMe) requires C, 69-9; H, 6*8; MeO, 15*05%]. 

Once precipitated, the methoxy-compound is insoluble in sodium 
hydroxide solution, and the phthalide ring is only slowly opened; 
e.g ., after the methoxy-compound (0*3 g.) had been refluxed with 
10% aqueous-alcoholic potassium hydroxide solution (1:1) for 
1 hour, addition of water precipitated 0*1 g. which had not under- 
gone ring fission, the remainder being precipitated on acidification 
(compare Tasman, loc. tit,). As the methoxy-compound, when first 
formed, remained dissolved in the alkaline solution, it must have 
been formed as 0H*CMe 2 *C 6 H 2 Me(0Me)*C0*0". Whence it follows 
that the dimethylphthalide ring of the hydroxy-compound is opened 
on solution in cold alkali, and that the doubts of Tasman, who did 
not investigate hydroxy-compounds, as to the quinonoid structure 
of phenolphthalein compounds are unfounded. 

Methoxycannabinolactone was also obtained by heating the 
hydroxy-compound in benzene solution with methyl iodide and 
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freshly prepared silver oxide, and by heating the silver salt with 
methyl iodide in benzene. 

Fusion of Hydroxycannabinolactone. — The lactone (1 g.) was 
added during 8 minu tes to molten potassium hydroxide at 290 — 
300°, this temperature being maintained for a further 10 minutes. 
The cooled melt was dissolved in water, acidified, and then made 
alkaline with sodium bicarbonate. Extraction with ether removed 
a small amount of cresol and unchanged phthalide. Bo-acidification 
of the alkaline liquid and extraction with ether yielded impure 
6-hydroxy-m-toluic acid, which after recrystallisation from water 
formed needles containing |H 2 0 of crystallisation (Pound : H 2 0, 
5-95, 6-4. Calc, for C 8 H 8 0 3 .ffl 2 0 : H 2 0, 5*6%). When dried, it 
melted at 172—173° (Found: C, 63-45; H, 5-25. Calc, for 
C 8 H 8 0 3 : C, 63*15; H, 5-3%). Yield after one crystallisation, 
0-3 g. The acid gave no colour with ferric chloride solution. 

The distillate from a similar fusion was collected under water and 
gave positive results with the following tests for acetone : iodoform, 
sodium nitroprusside-alkali-acetic acid, Deniges’s test. 

Oxidation of Niirocannabinolactone. — 4% Potassium permangan- 
ate solution was added in portions of 1 c.c. to a solution of nitro- 
cannabinolactone (0*47 g.) and sodium hydroxide (1 g.) in water 
(15 c.c.) heated on the water-bath. Decolorisation, at first complete 
in 15 seconds, grew progressively slower until, when 16-4 c.c. 
(3 atoms of oxygen) had been added, 20 minutes were required. 
Thereafter, decolorisation was exceedingly slow, and on addition 
of a further 5-5 c.c. (1 atom of oxygen) and continued heating for 
1 hour, very little reduction took place. After cooling, excess of 
sodium bisulphite and hydrochloric acid were added, which pre- 
cipitated a rapidly crystallising gum. Becrystallised from water, 
it formed plates (0*2 g.), m. p. 227 — 229° (Wood, Spivey, and Easter- 
field give the melting point of cannabinolactonic acid as 229 — 230°). 

4 - Hydroxy - oca - dimethylphthalide (IX) . — 4 - Aminodimethyl- 
phthalide (Teppema, loc. cit. ; Tasman, loc. cit.) was prepared (a) by 
the method described above for aminocannabinolactone, the pure 
compound crystallising (m. p. 117°) in 78% yield, or ( b ) by suitable 
modification of West’s method (J., 1925, 127, 494), in 70% yield. 
For transformation into the hydroxy-compound the following 
conditions should be adhered to, deviations leading to much reduced 
yields. 4-Aminodimethylphthalide (8-85 g.) in water (100 c.c.) 
and concentrated sulphuric acid (10 c.c.) was diazotised at 10° by 
potassium nitrite (4-25 g. in a little water), and the cooled solution 
dropped slowly into boiling, mechanically stirred 1% sulphuric acid 
(500 c.c.). Boiling and stirring were continued for a further 2 hours 
and the solution was then filtered hot from a little tar. On standing 
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in the ice-chest, 4:-hydroxy-^dimethylphthalide (6*9 g. ; 78% of 
the theoretical yield) was deposited in pale yellow crystals. It 
separated from benzene in very pale yellow crystals, m. p. 149 — 150° 
(Found: C, 67*5; H, 5-8. C 10 H 10 O 3 requires C, 674; H, 5*7%). 
The substance was purified beyond this point only with difficulty, 
but was recovered from low-temperature potash fusions quite 
colourless and melting at 152°. 

The acetyl derivative was prepared by the pyridine and acetyl 
chloride method, and crystallised from dilute acetic acid ; it melted 
at 84°. 

When the hydroxy-compound (0*5 g.) 5 dissolved in 10% sodium 
hydroxide solution (20 e.c.), was shaken with methyl sulphate 
(3 c.c.), added in portions, a homogeneous solution was obtained, 
from which on acidification 4 -methoxydimethylphthalide was pre- 
cipitated; after being washed with dilute alkali (in which it was 
now insoluble) and recrystallised from aqueous methyl alcohol, it 
melted at 100° (Found : C, 68*5 ; H, 6*4. C 11 H 12 0 3 requires 
C, 68*7 ; H, 6*3%). 

4-Hydroxydimethylphthalide can be distilled in a vacuum and is 
unaffected by prolonged boiling with concentrated hydrochloric 
acid, 50% (by weight) sulphuric acid, or by fusion with potassium 
hydroxide below ca. 250°. On fusion with potassium hydroxide for 
10 minutes at 280 — 300°, acetone, m -hydroxy benzoic acid, and 
some phenol were obtained. 

^Hydroxy^-phenyl-^dimeihylpMJialimidine (X). — 4-Hydroxy- 
dimethylphthalide (2 g.) and aniline (10 c.c.) were heated for 2 hours 
at 300°. The violet liquid obtained was diluted with ether, and 
the aniline removed by dilute acid. The 4:-hydroxy-]$-phenyl-acc- 
dmethylphtlhalmidine } which was only partly dissolved in the ether, 
was shaken into dilute sodium hydroxide solution and obtained on 
acidification as a pale blue powder. It crystallised from a little 
ethyl alcohol with one molecule of water of crystallisation (Found : 
0, lost; H, 6-3; H 2 0, 6*5. C 16 H 15 0 2 N,H 2 0 requires H, 6*3; H 2 0, 
6*6%); or, better, from methyl alcohol, from which it formed 
colourless pseudo-rhombic crystals (showing well-developed domal 
faces), containing one molecule of methyl alcohol of crystallisation 
(Found : MeOH, 11*7 ; 0, 714 ; H, 6*8. Found in dried material : 
0, 76*05 ; H, 6*1. C 16 H 15 0 2 5r,MeOH requires C, 71-6 ; H, 6*7; 
MeOH, 11*2%. C 16 H 15 0 2 N requires C, 75*85 ; H, 6*0%). Both 
crystalline forms and the anhydrous material melt at 214—215°. 

The same substance was formed on heating 4-hydroxydimethyl- 
phthalide (1 g.) with aniline (5 c.c.) and aniline hydrochloride (5 g.) 
for 2 hours at 210° (but not on refluxing with aniline alone). In 
this case, however, considerably more of the coloured impurity 
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(possibly the phenylimide of X) was formed. On distillation with 
soda-lime, aniline was evolved in quantity. 

The acetoxy - derivative was prepared (a) from the crystallised 
material by warming on the water-bath for 1 hour with ten times 
the quantity of acetic anhydride, and (6) from the dried material 
by the pyridine and acetyl chloride method. After crystallisation 
from methyl alcohol, both specimens, alone or mixed, melted at 
219° (Found: C, 73*3; H, 5*9. C 18 H 17 0 3 N requires C, 73*2; H, 
5*8%). Mixed with the hydroxy-compound, the substance melted 
from 174° to 198°. 

3 : o-Dibromo - 4 - hydroxy - oca - dimethylphthalide . — When bromine 
(0*9 g.) in a little acetic acid was gradually added to 4-hydroxy- 
dimethylphthalide (0*5 g.) in 50% acetic acid (10 c.c.), and the 
mixture kept for 30 minutes, 3 : S-dibromo-k-hydroxy-aaL-dimethyl- 
phtkalide (0*72 g. ; 76% yield) separated. Recrystallised from 50% 
acetic acid, it formed plates with one molecule of water of crystal- 
lisation, which did not melt sharply. When dried, it melted at 125° 
(Found : H 2 0, 5*2. Found in dried material : Br, 47*6. 

Ci 0 H 8 O 3 Br 2 ,H 2 O requires H o 0, 5*1%. C 10 H 8 O 3 Br 2 requires Br, 
47*6%). 

The author is very greatly indebted to Professor Sidney Smith, 
late Director of the Medico-Legal Section, Ministry of Justice, 
Cairo, for a supply of hashish, which enabled this investigation to 
be undertaken. 

The Egyptian University, 

Abbassia, Cairo. [Received, February 27th, 1930.] 


CXXII . — The Preparation of Secondary Alhylaryl- 
amines and their Purification . 

By Wilfred Johet Hiokinbottom. 

The isolation of the pure secondary amine from the products of 
interaction of an alkyl halide and a primary arylamine can be 
economically and conveniently accomplished by the following 
process. The alkyl bromide is heated with an excess (usually 2| — 
4 mols.) of the primary aromatic amine. The tendency for the alkyl 
halide to yield tertiary amine is thus repressed and the product 
consists almost entirely of the secondary amine and the excess of 
the primary amine combined with the hydrogen bromide liberated 
in the reaction. The separation of the primary and secondary 
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amines is effected by Morgan’s method (E.P. 102,834, 1916) de- 
pending on the formation of sparingly soluble additive compounds 
of zinc chloride and aniline or its homologues of the general formula 
B 2 ,ZnCl 2 . The alkylhnilines do not form compounds with zinc 
chloride in the presence of water (compare Reilly and Hickinbottom, 
J., 1920, 117, 127). 

It has now been found that the excess of aniline or m-xylidine 
can be completely precipitated by the addition of a 50% solution 
of zinc chloride to the mixture of amines liberated from the product 
of the reaction between the primary amine and the alkyl halide; 
the uncombined secondary amine is isolated by draining the pre- 
cipitated zincichloride and extracting with light petroleum. The 
yield of secondary amines thus obtained from w-propyl, isopropyl, 
and ft-butyl bromides was upwards of 70% of the theoretical, 
calculated on the weight of the alkyl halide ; frequently it was of 
the order of 75 — 85%. Further purification to remove small 
quantities of tertiary amines consisted in converting the crude 
secondary amine into its hydrobromide and crystallising this from 
alcohol (for w-butylaniline hydrobromide, benzene is a better 
solvent). Another method, also employed for ethyl-, ^-propyl-, 
and isopropyl-anilines, was to prepare the acetyl derivative, which 
after distillation and crystallisation yielded the pure secondary 
amine on hydrolysis. 

The yield of isobutylaniline obtained by the method now de- 
scribed was always small (30 — 40%). This is due, in part at least, 
to the presence of tert .- butyl bromide in the isobutyl bromide. 
According to Michael, Scharf, and Voigt (J. Amer. Chem. Soc ., 
1916, 38, 653) this is a normal impurity in i«sobutyl bromide, and 
one very difficult to remove. It does not, however, affect the 
purity of the isobutylaniline, as the tertiary bromide yields butylene 
when warmed with aniline (compare Nef, Annalen, 1899, 309, 164 , 

Experimental. 

n -Projpylaniline : — Aniline (230 g. ; 24 mols.) was heated with 
w -propyl bromide (1 mol.) under reflux in a boiling water-bath for 
5 hours, the product was rendered alkaline, and the amines were 
separated and treated with a solution of 150 g. of zinc chloride in 
150 g. of water. The mixture, when cooled and stirred, was rapidly 
converted into a thick paste which, after 12 hours, was drained on a 
large Buchner funnel, washed with cold water, pressed to remove 
as much as possible of the water, and extracted several times with 
boiling light petroleum. The extracts were combined, washed 
with water and with dilute aqueous ammonia, and dried over 
potassium carbonate. Removal of the solvent left ^-propylaniline, 
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which was obtained almost pure after two distillations : yield, 
94*5 g. (70%) ; b. p, 218 — 222°. A further quantity (10 g.), collected 
between 222° and 230°, contained an appreciable amount of the 
tertiary amine. iv 

A very convenient method of preparing aceto-u-propylanilide 
consisted in distilling equal weights of the secondary amine and 
acetic anhydride : the distillate collected between 240° and 265° 
and once crystallised from light petroleum was pure aceto-w-propyl- 
aniHde, m. p. 48 — 49°. 

^oPropylaniline, b. p. 206 — 208° (yield, 73%), was prepared in 
the same way from aniline and isopropyl bromide and freed from 
traces of tertiary amine by conversion into its acetyl derivative, 
m. p. 42°, and subsequent hydrolysis. 

n -Butylaniline . — Aniline (130 g.) and n-butyl bromide (70 g.), 
heated in a boiling water-bath for 3 hours, gave, after removal of 
the excess of aniline by Morgan's method, approximately pure 
n-butylaniline (57 g.; yield, 75%). After purification through 
the hydrobromide, the amine had b. p. 235 — 235*5°/744 mm. (yield, 
38 g. ; 50%). A further quantity was obtained by fractional 
crystallisation of the mother-liquor of the hydrobromide, 

isoButylaniline . — isoButyl bromide (prepared by heating iso- 
butyl alcohol with concentrated hydrobromic acid : it contained 
some ieri.-butyl bromide) (120 g.) was heated with aniline (2| mols.) 
in a boiling water-bath for 2 hours, and the excess of aniline sub- 
sequently removed as described above. The crude isobutylaniline 
gave the following fractions on distillation : 225°, 9 g. ; 225 — 227°, 
26 g.; 227— 231°, 20 g. 

Pure isobutylaniline was obtained by converting the crude 
product into hydrobromide by the addition of concentrated hydro- 
bromic acid, crystallising the salt from absolute alcohol, and de- 
composing it with aqueous sodium hydroxide. The amine was 
characterised by its p -tolmnesulphonyl derivative, which crystallised 
from alcohol in slender prismatic needles, m. p, 122 — 123° (Pound : 

4*7. C^H^OgNS requires N, 4*6%). 

The author desires to thank Mr. R. G. Ault and Mr. S. E. A. Ryder 
for their assistance in the experimental work. 

The UmvnBsiTY or Bebmctqham, 

Edqbaston. 


[Received, March 8 th, 1930 .] 
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CXXIIL — Attempts to prepare Cyanine Dyes from 
Quaternary Salts of 2-M ethylacenaphthpyridine and 
of 5-Methylacridine. 

By Frances Mary Hamer. 


With any class of dye, there is a tendency for increase in molecular 
weight to be accompanied by a shift of the absorption bands towards 
the red end of the spectrum. Where the dyes are photographic 
sensitisers, there is a corresponding shift of the maxima of extra- 
sensitisation. , Dyes which sensitise further into the red should 
therefore be obtainable by replacing the nuclei of known sensitisers 
by heavier nuclei. An example of the shift which occurs with 
increase in molecular weight is afforded by comparison of pina- 
cyanol (I), for which the maximum of the chief sensitising band 
lies at X 6375 A., with the carbocyanine (II), which has its sensitising 



maximum at X 6900 A. (Mees and Gutekunst, J. Ind. Eng. Chem. } 
1922, 14, 1060). So also, the cyanine dyes recently prepared from 
quaternary salts of methyl- a- and -p-naphthathiazoles show absorp- 
tion further towards the red than the corresponding dyes prepared 
from salts of methylbenzthiazole, the shift being greater with the 
thiocarbocyanines, where two benzthiazole nuclei are replaced by 
two naphthathiazole nuclei, than with the thio-0-cyanines, where 
there is only one such replacement (Hamer, J., 1929, 2598). In 
this connexion it seemed of interest to prepare quaternary salts of 
2-methylacenaphthpyridine (III) and of 5-methylacridine (IV) in 
order to see whether such salts would give rise to cyanine dyes and, 
if so, to examine the photographic properties of the latter. 



2-Methylacenaphthpyridine has been prepared from 3-amino- 
acenaphthene. Sachs and Mosebach’s original method for reducing 
3-mtroacenaphthene (Ben, 1911, 44, 3855), used also by Stewart 

/.T 1 Q9K AOT7 1331 Y Ims h<w» sa.id Iw T^taisnhfvr and Shhmnz t,n 
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give only a 20% yield, the chief product being the sodium salt of 
iV T -acenaphthyl-3-sulphaminic acid (Ber., 1922, 55 , 3253) ; their 
observation that this salt remains in solution was not confirmed. 
Their method of preparation (see also Morgan and Stanley, J . Soc. 
Chem. Ind ., 1924, 43 , 343t) was adopted, with very slight modi- 
fication. The preparation, from 3-aminoacenaphthene, by the 
action of paraldehyde and hydrochloric acid, of 2-methylacenaphth- 
pyridine has been described by Nair and Simonsen (J., 1926, 3140). 
But as they proceed, without removal of the tar which accompanies 
the condensation product, to treat the reaction mixture with 
alkali, modification was required. Comparative experiments 
showed the large excess of paraldehyde and of hydrochloric acid 
to be unnecessary, as also is the protracted time of heating. 

The methiodide of 2-methylacenaphthpyridine was prepared, but 
similar conditions gave only a trace of the corresponding ethiodide. 
The methiodide condenses with p - dimet hylammobenzaldehy de and 
with ^-nitrosodimethylaniiine : as in analogous cases (Hamer, J., 
1924, 125, 1348 ; 1929, 2598), the former product (V) is a sensitiser 
and the latter (VI) a desensitiser. 2-Methylaeenaphthpyridine 



methiodide reacts with quinoline methiodide or ethiodide to give 
an iso cyanine (VII) and with 2-iodoquinoline methiodide or ethiodide 
to give a cyanine (VIII), the latter condensation proceeding better 
in aqueous solution than in the more generally applicable alcoholic 



(VH.) R I (VIII.) 


solution (compare Hamer, J., 1928, 206). Comparison of the 
absorption bands of these new cyanines, in alcoholic solution, with 
those of the parent dyes reveals a shift of 150 A. towards the red. 
Mr. O. B. Bloch found the compounds to be photographic sensitisers, 
but of no outstanding merit. It is remarkable, in view of its reac- 
tivity, that 2-methy3acenaphthpyridine methiodide does not vield 
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a carbocyanine by the ethyl orthoformate and pyridine method 
(Hamer, J., 1927, 2796) ; the use of acetic anhydride as solvent is 
no more successful. 

5-Methylacridine has previously been prepared from diphenyl- 
amine by the action of acetonitrile or acetic acid (Bernthsen, 
Annalen, 1878, 192 , 29; Fischer and Rudolph, Ber ., 1882, 15 , 
1500; Besthorn and Fischer, Ber., 1883, 16 , 68; Bernthsen and 
Bender, ibid., p. 1802 ; Fischer, ibid., p. 1820 ; Bernthsen, Annalen, 
1884, 224 , 1). In the present work, however, it was prepared from 
acetyldiphenylamine, by heating it with zinc chloride in a sealed 
tube; it was conveniently isolated as its tartrate, by Koenigs’ 
method (Ber., 1899, 32 , 3599). 

5-Methylacridine methiodide has been prepared by Bernthsen 
(Annalen, 1884, 224 , 1), by Decker (Ber., 1905, 38 , 2493), by Freund 
and Bode (Ber., 1909, 42 , 1746), and by Kaufmann and Albertini 
(Ber., 1911, 44 , 2052). Except for the statement of the last-named 
authors, that the dust of the methiodide attacks the breathing 
organs, there is no reference to the strong sternutatory action which 
is the most striking characteristic of this salt. 

Now the reactivity of the methyl group in 5-methylacridine 
itself is manifested by its condensation with (a) chloral (Bernthsen 
and Muhlert, Ber., 1887, 20 , 1541), (b) benzaldehyde and its m- 
and jp-nitro-derivatives (Friedlander, Ber., 1905, 38 , 2840 ; Porai- 
Koschitz, Z . Farb. Text And., 1907, 6 , 291), (c) p-nitrosodimethyl- 
aniline (Kaufmann and Vallette, Ber., 1912, 45 , 1736), and 
(d) formaldehyde (Koenigs, loc. cit.; Homberger and Jensen, 
J. Amer. Chem. Soc., 1926, 48 , 800). Since the quaternary salts 
of a base containing a reactive methyl group are, in general, more 
reactive than is the base itself (Mills and Smith, J., 1922, 121 , 
2724), it was both surprising and interesting to obtain a series of 
negative results in the case of 5-methylacridine methiodide. For 
instance, it did not react (a) with ethyl orthoformate in the presence 
of pyridine to give a carbocyanine, (b) with quinoline methiodide 
in aqueous-alcoholic solution, under the influence of sodium hydr- 
oxide, to give an isocyanine, (c) with p - dimethylaminobenzaldehy de , 
in absolute alcoholic solution and in the presence of piperidine, or 
(d) with p-nitrosodimet hy laniline , under similar conditions, (e) An 
attempt to effect condensation between it and 2-iodoquinoline 
methiodide by the normal procedure, absolute alcohol being used as 
solvent and potassium hydroxide as condensing agent (Hamer, 
J., 1928, 206), also gave a negative result* But when water was 
employed as the solvent medium, condensation between 5-methyl- 
acridine methiodide and 2-iodoquinoline methiodide or ethiodide 
took place. Although these new dyes (IX) may be regarded as 
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derived from the simple ^socyanine (X), their absorption spectra 
are of a different character; showing one broad band, with an ill- 




defined maximum, whereas the latter has two well-marked, relatively 
narrow bands . The maximum of this broad band is in approximately 
the same position as that of the chief band of the parent isocyanine, 
instead of showing the expected shift towards the red. Both the 
new dyes are entirely devoid of sensitising properties. 

Experimental. 

3~Aminoacenaphthene . — A mixture of 3-nitroacenaphthene (40 g.) 
with spirit (400 c.c.) and water (200 c.c.) was boiled in a flask (3 1* 
capacity). It was removed from the water-bath for the addition 
of sodium hydrosulphite (100 g.) in three portions, reaction occurring 
at each addition. After 15 minutes’ boiling, the spirit was distilled 
off and the residue treated with water (500 c.c.) and boiled. When 
cold, the solid was filtered off, ground to a paste with water, and 
hydrolysed by heating on the water-bath with concentrated hydro- 
chloric acid (300 c.c.) and water (1200 c.c.). The violent bumping, 
which occurs on boiling, does not take place on the water-bath, and 
the isolation of the solid before hydrolysis has the advantage of 
avoiding the copious evolution of sulphur dioxide, caused by addition 
of the acid to the reaction mixture, both these being points whereby 
the earlier method has been modified. The liquid was, filtered hot, 
to remove a little black matter, and the filtrate was made alkaline 
with ammonia. The yield of base, after washing with water and 
drying, was 63 — 64%, and, after recrystaflisation from petrol, 
49— 53%. M. p. 107°. 

2-M ethylacenaphthpyridine—3 -Am in oacenaphthene (40 g. ; 1 mol.) 
was treated with hydrochloric acid (d 1*19 ; 40 c.c.) and paraldehyde 
(26 c.c. ; 2*5 mols.). The flask was cooled with water in order to 
abate the violence of the reaction, which occurs without the applica- 
tion of external heat. Finally it was heated on the water-bath for 
^hour and water (I L) was added. When cold, the mixture was 
filtered from tar, and the filtrate and washings were treated with 
excess of; ammonia. The aqueous liquid was poured off from the 
semi-solid base and the latter was twice extracted with hot 10% 
sulphuric acid (80 + 40 c.c.), the extract being filtered hot. The 
yeHow sulphate, which slowly crystallised from the filtrate, was 
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collected, washed with acetone (31*9 g. obtained), dissolved in hot 
water, and treated with ammonia. The crude base (20*3 g.) was 
obtained in 39% yield and after recrystallisation from spirit the 
yield (15*2 g.) was 29%. M. p. 131°, as recorded by Nair and 
Simonsen (Zoc. cit,). 

2-Methylacenaphthjpyridine Methiodide . — 2-Methylacenaphth- 
pyridine (10 g.) and methyl iodide (10 c.c.) were heated in a sealed 
tube at 100° for 2 days. The product was extracted with ether; 
the undissolved residue (12*8 g.; 78% yield) separated from spirit 
in orange crystals (62% yield), m. p. about 212°. A specimen was 
dried in a vacuum desiccator before analysis, the method of Carius 
being used in this, and in all subsequent halogen determinations, 
except where otherwise stated (Pound : I, 35-0. C 17 H 16 NI requires 
I, 35-2%). 

2-p -Dimethylaminostyrylacenaphthpyridine Methiodide (V). — 
2-Methylacenaphthpyridine methiodide (3 g. ; 1 mol.) and p-di- 
methylaminobenzaldehyde (T24 g. ; 1 mol.), dissolved in hot 99% 
spirit (300 c.c.), were treated with piperidine (0*5 c.c.) and the 
mixture was boiled for 5 hours. The solid was filtered off when 
cold, and the filtrate concentrated to J volume in order to obtain 
a second crop (total yield, 2-9 g.). The product was twice boiled 
out with methyl alcohol (2 x 50 c.c.), and the undissolved residue 
recrystallised from spirit (750 c.c.). The methiodide (V) (24% yield) 
was again recrystallised and was dried for analysis in a vacuum at 
100—120° (Found : I, 25-5. C 26 H 25 N 2 I requires I, 25-8%). The 
green crystals melt at 224° (decomp.). The spirit solution has a 
wide absorption band with its maximum at about X5200 A. A 
plate bathed in this solution acquires a feeble extra sensitivity, 
extending to X 7100 A., but the dye is less effective when added to 
the emulsion. 

p -Dimethylaminoanil of Acenaphthpyridine-2-aldehyde Methiodide 
(VI). — ^2-Methylacenaphthpyridine methiodide (3 g. ; 1 mol.) and 
p-nitrosodimethylaniline (1*25 g. ; 1 mol.) were boiled in absolute 
alcoholic solution (50 c.c.), with addition of piperidine (2 drops), 
for 6 hours. The product (3*2 g. ; 78% yield) was recrystallised 
from methyl alcohol (1500 c.c.; 2*05 g. obtained; 50% yield). 
After a second recrystallisation the olive-green crystals, m. p. 195° 
(decomp.), were dried for analysis in a vacuum at 60—80° (Found ; 
I, 25*4. C 25 H 24 N 3 I requires I, 25*7%). The compound desensitises 
photographic plates more powerfully than does safranine, but is 
of no practical use because its desensitising action is destroyed by 
the sulphite and carbonate of the developer. 

imCyanine (VIl) from 2 ethylacenaphthpyridine Methiodide and 
Quinoline Methiodide . — ^2-Methylacenaphthpyridine methiodide 
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(6 g. ; 1 mol.) and quinoline methiodide (9*0 g. ; 2 mols.) were 
boiled with absolute alcohol (300 c.c.) and the mixture was treated 
with sodium (0*46 g. ; 1*2 mols.), dissolved in absolute alcohol 
(30 c.c.), and then boiled for 15 minutes. The solid (5*5 g.), which 
separated on cooling, was twice boiled out with methyl alcohol 
(50 + 100 c.c.), and the undissolved residue was recrystallised from 
methyl alcohol. The small green crystals (1*17 g. ; 14% yield) 
obtained from this third fraction were again recrystallised from 
methyl alcohol (200 c.c.; 0*83 g. obtained; 10% yield). The 
iso cyanine was dried in a vacuum at 60 — 80° (Found : C, 64*2 ; 
H, 5*0; I, 25*L C 27 H 23 N 2 I requires C, 64*5; H, 4*6; I, 25*3%). 
When it is heated, a change occurs between 160° and 170° and, if 
heating is rapid, the dye even melts ; if slowly heated, melting with 
decomposition occurs between 220° and 240°, the exact point 
depending upon the rate of rise of temperature. The chief absorp- 
tion band of the spirit solution has its maximum at X5750 A., and 
there is another maximum at X 5400 A. A plate bathed in the 
solution shows a very uniform band of extra sensitisation, extending 
to X 6800 A. for moderate exposures and with maxima at X 6100 A. 
and X 5400 A. 

iso Cyanine from 2-Methylacenaphthpyridine Methiodide and 
Quinoline Ethiodide. — Similarly, 2-methylacenaphthpyridine meth- 
iodide (6 g.) was condensed with quinoline ethiodide (9*47 g.) and 
the resultant dye (4*85 g.) was extracted with ether. The undis- 
solved residue (4*5 g.) was boiled with insufficient methyl alcohol 
(50 c.c.) to dissolve it ; the residue was recrystallised from methyl 
alcohol (200 c.c.), giving green crystals, m. p. about 217° (decomp.), 

16% yield (1*39 g.). They were dried for analysis in a vacuum 
at 100—110° (Found: I, 24*7. C 28 H 25 N 2 I requires I, 24*6%). 
The chief absorption band of the spirit solution lies at X 5850 A. 
and the secondary one at X 5400 A. The sensitising action con- 
ferred on a plate bathed in a solution of the dye extends to X 6600 A., 
and is not quite so uniform as that of the preceding compound, 
showing a distinct gap at X 5000 A. One maximum, at X 6050 A., 
is more strongly marked than the other, which is at X 5500 A. 

Cyanine (VIII) from 2-Methylacenaphthpyridine Methiodide and 
2-Iodoquinoline Methiodide. — Crude 2-iodoquinoline methiodide 
(8 g. ; 1 mol.) was added to boiling water (500 c.c.), and a little 
undissolved periodide filtered off. 2-Methylacenaphthpyridine 
methiodide (7*27 g. ; 1 mol.) was added, followed by an aqueous 
solution (40 c.c.) of potassium hydroxide (3*0 g. ; 2*4 mols.), and 
boiling was continued for 5 minutes. The resultant solid was 
purified by boiling out with water and the residue (3*8 g.) was 
extracted with ether in a Soxhlet apparatus^ The undissolved 
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residue (3*6 g.) was recrystallised from methyl alcohol (750 c.c. ; 
, 2*1 g. obtained; 21% yield). After a second recrystallisation 
from methyl alcohol (400 c.c. for 1*9 g., giving 1*2 g. ; 13% yield), 
the tp-cyanine was dried in a vacuum at 60 — 80° (Found : I, 24*9. 
0 27 H 23 ]Sr 2 I requires I, 25*3%). The compact bronze crystals melt 
at 236° (decomp.). With a spirit solution, the chief absorption 
band has its crest at X 5400 A. : the second band, which is almost 
as strong, has its crest at X 5100 A. On bathing plates, a band of 
extra sensitisation is conferred, extending to X 6400 A. for moderate 
exposures, and with its maximum at X 5700 A. 

iff -Cyanine from 2-Methylacenaphthpyridine Methiodide and 2-Iodo- 
quinoline Ethiodide . — From 2-iodoquinoline ethiodide (4 g.) and 
2-methylacenaphthpyridine methiodide (3*51 g.), the p-cyanine, 
similarly precipitated by the action of potassium hydroxide, was at 
first obtained in the form of a tar, which improved during boiling 
and hardened when cold. It was extracted with hot water and the 
residue (2*44 g.) was extracted with ether in a Soxhlet apparatus. 
That residue (2*33 g.) was recrystallised from methyl alcohol (200 
c.c. ; 1*32 g. obtained; 26% yield). It was dried for analysis in a 
vacuum at 100 — 110° (Found : I, 24-4. C 28 H 25 N 2 I requires I, 
24*6%). The dye forms small brownish-red crystals, m. p. 201° 
(decomp.). The principal absorption band is at X 5450 A. and there 
is another at 5100 A. It exerts a powerful sensitising action on 
plates bathed in its solution ; the action extends to X 6400 A. for 
moderate exposures and shows maxima at X 5700 A. and 5100 A. 

Acetyldiphenylamine. — Diphenylamine has been acetylated by 
means of acetyl chloride (Meister, Ber., 1872, 5, 283; Merz and 
Weith, Ber., 1873, 6, 1511) and by acetic anhydride (Claus, Ber., 
1881, 14 , 2365). In a modification of the latter method, diphenyl- 
amine (30 g.), acetic anhydride (60 c.e.), and fused sodium acetate 
(30 g.) were heated together on the water-bath for 1 \ hours and 
the product was treated with water and ammonia. After recrystal- 
lisation from very dilute spirit, the base was obtained in 80% yield. 
It melted at 84 — 86° with previous softening, but lost solvent of 
crystallisation on drying on the water-bath and in a vacuum desic- 
cator; the anhydrous substance melted at 101 — 102°. Meister, 
and Merz and Weith, give m. p. 99*5°, Claus gives m. p. 103°, and 
Wallach (Annalm, 1882, 214 , 234) gives m. p. 101 — 102°. 

5 - M ethylacridine. — A mixture of acetyldiphenylamine (5 g.) 
with five times its weight of powdered zinc chloride was heated in 
a sealed tube at 220 — 240° for 6£ hours. The dark mass was 
extracted with hot 50% sulphuric acid and the extract was treated 
with water and excess of ammonia to precipitate the base. This 
was extracted with benzene and, after removal of the solvent, the 
mm 
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residue was dissolved in hot spirit and treated, as by Koenigs ( loc . 
cU.) 9 with a hot solution of tartaric acid (5 g.) in spirit (50 e.c.). 
The tartrate (6*9 g.) was suspended in cold water and treated with 
excess of sodium carbonate solution and the base was extracted 
with ether, the extract being dried with potassium hydroxide. The 
residue (74% yield) after removal of the solvent was recrystallised 
from dilute spirit and dried on the water-bath and in a vacuum 
desiccator (46% yield). M. p. 117—118° as found by Koenigs 
(loc. cit.) ; Decker’s observation (loc. cit.) as to the low m. p. before 
removal of solvent of crystallisation was confirmed. 

o-Methylacridine Methiodide. — 5-Methylacridine (3*7 g.) and 
methyl iodide (3*7 c.c.) were heated for 2 days in a sealed tube at 
100°. The product was extracted with ether, and the undissolved 
residue (5*9 g. ; 92% yield) recrystallised from water (about 300 c.c. ; 
4*1 g. obtained ; 64% yield). It was dried in the steam-oven before 
analysis ; a solution in dilute sulphuric acid was treated with silver 
nitrate (Found : I, 37*8. Calc, for C 15 H 14 NI : I, 37*9%). Melting 
with decomposition occurred at about 263°. Bernthsen (Annalen, 
1884, 224, 1) gives m. p. 185° (decomp.), Freund and Bode (loc. cit.) 
give m. p. 273 — 275°, and Kaufmann and Albertini (loc. cit.) give 
m. p. 235 — 245°, with decomposition from 200°. 

1 : V -Dimethyl-2 : 3 (or 2 ' : 3')-benzisocyanine Iodide (IX; R — 
Me). — 5-Methylacridine methiodide (1 g. ; 1 mol.) and 2-iodo- 
quinoline methiodide (1*2 g. ; 1 mol.) were added to boiling water 
(60 c.c.), potassium hydroxide (0*4 g. ; more than 2 mols.) dissolved 
in water (10 c.c.) was added, and the mixture was boiled for 5 minutes. 
The blue tar produced, which solidified on cooling, was filtered off 
and extracted with ether. The undissolved residue (0*84 g. ; 59% 
yield) was recrystallised from methyl alcohol (40 c.c.), the iodide 
(IX) being thus obtained in 25% yield (0*36 g.). It was dried in a 
vacuum at 100 — 110° before analysis (Found : I, 26*8. C 2 5 H 21 N 2 I 
requires I, 26*65%). It forms long crystals with a bronze lustre. 
M. p. about 250 — 265°, but the exact point is quite indefinite, since 
decomposition begins at about 230°. Its spirit solution has a 
broad absorption band extending from X 4700 A. to 6200 A., and 
with a maximum at about 5500 A. 

l(or V)-Methyl-V(oT iy ethyl-2 : 3(or 2' ; 3 f )-benzisocyanine iodide 
was similarly prepared from 5-methylacridine methiodide (3 g.) 
and 2-iodoquinoline ethiodide (3*68 g.). After ether extraction, 
the undissolved residue (3*05 g.) was dissolved in hot chloroform 
(800 c.c.}. The solution was concentrated and from it, on cooling, 
the dye was obtained in crystalline form (2*0 g.). It was recrystal- 
lised from methyl alcohol (40 c.c.) and was thus obtained in 29% 
yield (1*25 g.). It was again recrystallised from methyl alcohol 
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and was dried for analysis in a vacuum at 100 — 110° (Found : 
I, 25*8. C 26 H 23 N 2 I requires I, 25*9%). It forms lustrous dark 
green crystals, which soften at 150 — 160° but do not melt until 
about 232° ; if they are put into a bath at 160°, however, melting 
occurs at once. The absorption of the spirit solution is very like 
that of the preceding dye. 

British Photographic Plates and Papers, Ltd., 

Ilford, E. [Received, March 10th, 1930.] 


CXXIV . — Tetrachloroiodides of the Alkaloids . 

By Frederick Daniel Chattaway and George David 

Parkes. 

Many of the commoner alkaloids yield well-characterised tetra- 
chloroiodides when a solution of the alkaloid in concentrated hydro- 
chloric acid is added to excess of a solution of tetrachloroiodic acid 
made by saturating with chlorine a suspension of finely powdered 
iodine in concentrated hydrochloric acid. 

These alkaloidal tetrachloroiodides are all decomposed by a 
solution of sodium sulphite, the base being liberated. When they 
are treated with a solution of potassium iodide acidified with acetic 
acid, iodine is quantitatively liberated. This reaction has been 
used for the analysis of these compounds. 

Hexamethylenetetramine also forms a stable tetrachloroiodide. 

The tetrachloroiodides of many quaternary bases are easily 
made by saturating a solution of the iodide in concentrated hydro- 
chloric acid with chlorine. 

Experimental. 

The solution of tetrachloroiodic acid used was obtained by 
suspending finely powdered iodine (15 g.) in concentrated hydro-, 
chloric acid (80 c.c.) and saturating it with chlorine. 

Quinine Tetrachloroiodide, C 20 H 24 O 2 N 2 ,2HICl 4 . — When a solution 
of 10 g. of quinine hydrochloride in 50 c.c. of concentrated hydro- 
chloric acid was added to 60 c.c. of tetrachloroiodic acid solution, 
quinine tetrachloroiodide separated immediately as a bright yellow, 
microcrystalline powder. This was filtered off and dissolved in 
150 c.c. of boiling glacial acetic acid, the solution was cooled, and 
300 c.c. of concentrated hydrochloric acid were added; the tetra- 
chloroiodide thus obtained, after being dried in a desiccator over 
phosphoric oxide and a few lumps of lime, melted at 114° (decomp,) 
(Found : Cl, 32*3. C 2 0 H 26 O 2 X 2 Cl 8 I 2 requires Cl, 32*9%). 

Cinchonine tetrachloroiodide , C 19 H 22 ON 2 ,2HICl 4 , was similarly pre- 
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pared and purified. It separated as a bright yellow, microcrystalline 
powder, m. p. 85° (decomp.) (Found : Cl, 33*4. C-^H^ON^Clglg 
requires Cl, 34*0%). 

Strychnine Tetrachloroiodide, C 21 H220 2 N 2 jHICl 4 . — A solution 
of 5 g. of strychnine in 20 c.c. of chloroform was saturated with 
hydrogen chloride and added to the solution formed by dissolving 3 g. 
of iodine in 20 c.c. of chloroform and saturating it with chlorine. 
Strychnine tetrachloroiodide separated at once as a pale yellow, 
microcrystalline powder, m. p. 91° (decomp.) (Found : Cl, 23*3. 
C^H^O^Cy: requires Cl, 23*5%). 

Morphine tetrachloroiodide , C 17 H 19 0 3 lSr,HICl 4 , was prepared from 
5 g. of morphine hydrochloride, dissolved in 40 c.c. of concentrated 
hydrochloric acid, and 10*5 c.c. of tetrachloroiodic acid solution. 
It crystallised from glacial acetic acid, in which it was very easily 
soluble, in small, pale orange needles, which melt at 78° (decomp.), 
and rapidly decompose when kept, even in a sealed tube (Found : 
Q, 254. C 17 H 20 O 8 NCl 4 I requires Cl, 25*6%). 

Codeine tetrachloroiodide, C 18 H 21 0 8 N,HIC1 4 , was prepared 
similarly from 2 g. of codeine, dissolved in 20 c.c. of concentrated 
hydrochloric acid, and 4*5 c.c. of tetrachloroiodic acid solution. It 
crystallised from glacial acetic acid, containing a little iodine tri- 
chloride, in which it was easily soluble, in pale orange needles, but 
it was not found possible to dry the compound without slight 
decomposition occurring. 

Cocaine Tetrachloroiodide , C 17 H 21 0 4 N,EIC1 4 . — When a solution 
of 1 g. of cocaine hydrochloride in 5 c.c. of concentrated hydrochloric 
acid was added to 5 c.c. of tetrachloroiodic acid solution prepared 
as above, cocaine tetrachloroiodide separated as a bright yellow solid. 
It crystallised from glacial acetic acid, containing a little iodine 
trichloride, in which it was moderately easily soluble, in small, 
pale yellow, irregular, flat plates, m. p. 141° (decomp.) (Found : 
Cl, 25*3. C 17 H 22 0 4 NC1 4 I requires Cl, 24*75%). 

Hexamethylenetetramine tetrachloroiodide , (CH 2 ) 6 3ST 4 ,HIC1 4 , separ- 
ated in bright yellow prisms, m. p. 147° (decomp.), when a solution 
of 5 g. of hexamethylenetetramine in 25 c.c. of concentrated hydro- 
chloric acid was added to 30 c.c. of tetrachloroiodic acid solution 
(Found : Cl, 34*2. C 6 H 13 N 4 C1 4 I requires Cl, 34*6%). It cannot 
be recryBtallised, as when heated with glacial acetic acid it decom- 
poses into formaldehyde and ammonium tetrachloroiodide. 

l^Mediylpyridim Tetrachloroiodide, C 5 H 5 NMeICl 4 . — 5 G. of 
pyridine methiodide were dissolved in 25 c.c. of concentrated 
hydrochloric acid and a stream of chlorine was passed through the 
cooled solution. Iodine at first separated, but gradually disappeared 
and the bright yellow 1 -methylpyridine tetrachloroiodide separated. 
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It crystallised from boiling glacial acetic acid containing a little 
iodine trichloride, in which it was sparingly soluble, in clusters of 
small yellow needles, m. p. 180° (decomp.) (Found : Cl, 39-0. 
C 6 H 8 NCy[ requires Cl, 39-1 %). 

1 : 2-Dimethylpyridine tetrachloroiodide separates from boiling 
glacial acetic acid, in which it is rather sparingly soluble, in bright 
yellow, irregular, twinned plates, m. p. 185° (deeomp.) (Found : 
Cl, 37-5. CtH 10 NC1 4 I requires Cl, 37*7%). 

1:2:4: 6-Teiramethylpyridine tetrachloroiodide separates from 
boiling glacial acetic acid, in which it is fairly easily soluble, in bright 
yellow, irregular, flat plates, m. p. 130° (decomp.) (Found: Cl, 
35*2. C 0 H 14 NC1 4 I requires Cl, 35*1%). 

1 -Methylquinoline tetrachloroiodide separates from glacial acetic 
acid, in which it is somewhat sparingly soluble, in pale yellow prisms, 
m. p. 191° (Found : Cl, 34-15. C 10 H 10 NC1 4 I requires Cl, 34-4%). 

6-Chloro~l-methylquinoline tetrachloroiodide separates from boiling 
glacial acetic acid, in which it is sparingly soluble, in long yellow 
needles, m. p. 167° [Found : Cl (added), 31-7. C^H^Cl-I requires 
Cl (added), 31-7%]. 

6 - Bromo - 1 - methylquinoline tetrachloroiodide crystallises from 
glacial acetic acid in bright yellow needles, m. p. 176° (Found : 
Cl, 29*1. C^flgNC^Brl requires Cl, 28*9%). 

T$-Methylstrychnine tetrachloroiodide separates from glacial acetic 
acid, in which it is moderately easily soluble, in minute, pale yellow 
needles which, when heated, decompose without melting (Found : 
Cl, 22*9. C 22 H 25 0 2 N 2 C1 4 I requires Cl, 23*0%). 

NN -Dimethylnicotine bistetrachloroiodide separates from boiling 
glacial acetic acid, in which it is somewhat sparingly soluble, in 
fine yellow needles, m. p. 145° (Found : Cl, 38*6. C 12 H 20 N' 2 C1 8 I 2 
requires Cl, 38*9%). 

The Queen’s College, Oxford. [Received, February 1930 .] 


CXXV . — The Properties of the Chlorides of Sulphur. 
Part IV. Density and Surface Tension, with an 
Appendix on the Parachors of Mixtures. 

By Thomas Martin Lowry and Gilbert Jessop. 

The experiments described below were undertaken with the idea 
that measurements of density and surface tension, followed by 
calculations of values of the parachor, might afford a sensitive 
method for the detection of sulphur tetrachloride, in view of the 
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regular way in which <£ pervalent ” compounds, such as PC1 5 , 
POCl 3 , SOClg, etc., exhibit a deficiency of about 26 units as compared 
with the values deduced from compounds of normal valency. 
From this point of view, the results were once more negative, since 
the densities, surface tensions, and parachors all provided evidence 
of the presence of the dichloride, without giving any indication 
of the presence of the tetrachloride. Interesting results were 
obtained, however, by comparing the parachor values of mixtures 
of sulphur monochloride and chlorine before and after chemical 
combination had taken place. 

Experimental. 

Density. — Methods. Since the sulphur chlorides are decomposed 
by moisture, and may have a vapour pressure as high as 6 atm. 
at room temperature, the densities were determined by flotation 
in sealed tubes. Silica floats were used, partly because the densities 
of glass floats were altered when the liquid in which they were 
suspended was heated to bring it to equilibrium, and partly because 
their small coefficient of expansion was an additional advantage. 
The floats were hollow, about 15 mm. long and of 3 mm. diameter. 
A series, ranging from 1*42 to 1-76 at intervals of 0;02, was made, 
the desired density being attained first by adjusting approximately 
the amount of silica in the solid tip of the float, and then by grinding 
the tip and rounding it off in the oxyhydrogen flame. They were 
calibrated in mixtures of bromoform and toluene, the densities of 
which were measured with a pyknometer with vertical arms, 
specially designed to avoid loss by creeping after adjustment. 

The samples of sulphur chloride were sealed up in thick-walled 
tubes, about 12 mm. in bore and 15 cm. long, together with two or 
three floats of suitable densities and the capillaries for measurements 
of surface tension, and were heated to 100° to bring about a condition 
of equihbrium. The tube was then clamped upright in a large 
water-bath, the temperature of which was maintained for 10 minutes 
‘within 0-02° of the temperature of flotation of each float, since 
a difference of 0-01° was sufficient to make a float rise or sink 
slowly. 

Results . The densities of 35 samples, of chlorine contents rang- 
ing from 36*9 to 100 atoms %, were measured at two or three 
temperatures by the method just described. The coefficients of 
expansion were then calculated and the densities at 15° and 0° were 
deduced. Measurements were also made of four mixtures of 
sulphur monochloride and chlorine, which had not yet interacted 
to form the red dichloride and were therefore still pale yellow. 
The results are given in Table I. 
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Table I. 

(a) Densities of equilibrium mixtures. 


At. % Cl. 

Temp. 


36-90 

28*25° 

1-72191 


33*40 

1*72191*** 

42-03 

13*3 

1*72191 


-1*05 

1*74294 


18*3 

1*72191* 


3*8 

1*74294* 

43-68 

18*5 

1*70780 


8*72 

1*72191 


21*50 

1*70780* 

45-30 

12-90 

1-70780* 

45-60 

15*70 

1*70780* 


30*26 

1-68592* 

48-50 

5*18 

1*70780 

50-0 

15*98 

1*68592 

50-0 

1*8 

1*70780 


15-83 

1*68592 

52-07 

11*6 

1-68592 

54-34 

6-92 

1*68592 


21*78 

1-66152 

58-20 

-0*38 

1-68592 


13-83 

1-66152 

58-37 

17*40 

1-65578 


24-85 

1-64260 

59-73 

-2-90 

1-6S592 


10*90 

1-66152 

60-09 

-3*60 

1-68592 


10*20 

1-66152 

61*87 

17*60 

1-64260 


26-68 

1*62638 

62-38 

16*45 

1-64260 

62*75 

7*85 

1*65578 


15*10 

1*64260 

64*28 

4*85 

1*65578 


11*92 

1*64260 

66*13 

17*93 

1*62638 

66*43 

7*52 

1-64260 


16*20 

1*62638 

66*82 

7*45 

1*64260 


16-05 

1-62638 


23*00 

1*61283 

67*04 

-0*40 

1*65578 


16*13 

1*63638 


22*11 

1*61283 

69*23 

16*16 

1-61283 


21*98 

1*60128 

71*14 

4-83 

1-62638 


11*68 

1*61283 

73*31 

0*58 

1-62638 


7*30 

1*61283 

74*16 

9*25 

1*60128 


18*33 

1*58230 

76*47 

-1*45 

1*61283 


4*22 

1*60128 

81*20 

17*62 

1*54264 


26*10 

1*52351 

81*37 

0*20 

1-58230 


18*45 

1-54264 


* After heating. 


At. voI.| 




at 15°. 

1-7389 

1*758 


1*71942 

1*74140 


1-71285 

1-73449 


1-71718 

1*70465 

1-70895 

1-73882 

1-7272 

1-73158 


1-6928 

1-68744 

1-68721 

1-7156 

1-71064 

20*01 

20*01 

1-68063 

1-67264 

1*69728 

20*14 

20*27 

1-65950 

1-68532 

20*51 

1-66003 


20*50 

1-65410 

1-68080 

20*60 

1*65286 

1-67956 

20*62 

1-64725 


20-74 

1-64521 

1-64262 


20*78 

20*82 

1*63685 

1-66490 

20*91 

1-63192 

1*62866 

1-65662 

21*08 

1*62839 

1*65668 

21*08 

1*62663 

1*65502 

21*11 

1*61543 


21*30 

1*60625 . 

1*62755 

21*47 

1*58926 

1*60988 

21*75 

1*54856 


22*49 

1*55014 

1*58273 

22*47 

t See p. 1011. 
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Table I (contd.). 



(a) Densities of equilibrium mixtures . 







At. vol.t 

At. %C1. 

Temp. 

<*;• 

d\r. 

4 

d T- 1 

at 15°. 

83-71 

18-39 

1-52351 

1-53137 


22-79 


28-60 

1-49980 




90-05 

2*15 

1-52351 

1-49249 

1-52863 

23-53 


12-09 

1-49980 





20-05 

1*47977 




93*83 

2-70 

1-49980 

1-46730 

1-50693 

24-02 


10*28 

1-47977 




100 

2-30 

1-45980 

1-42391 

1-46630 

24-90 


11*80 

1-43296 




100 

2-60 

1-45980 

1-4247 

1-46715 

24-89 

100 

2-62 

1-45980 

1-4247 

1-46717 

24-89 


(b) Mixtures 

of sulphur monochloride and chlorine. 


57-68 

-5-0 

1-68592 


1-67714 



8-9 

1-66152 




66-43 

-0-80 

1-64260 


1-64404 



8-2 

1-62638 




71-14 

-3-95 

1-62638 


1-61933 



3*65 

1*61283 




83-01 

15-1 

1-52351 


1-5583 



f See p. 1011. 

The following data are added for comparison : 


Density of sulphur monochloride. 


At 0°. At 10°. At 15°. At 20°. 
Popp (1855) 1-7055 

Hagen (1867) 1-6828 

Thoipe 1-7094 

Trantz (1929) 1-709 1-6950 1-6790 

Lowry and Jessop (1930) 1-7106 1-6872 

Density of liquid chlorine. 

Mardhand (1913) 1-468 at 0°; 1-434 at 12°. 

Lowry and Jessop (1930) 1-4671 5 at 0°; 1-4247 at 15°. 


Surface Tension. — Methods . Since the measurements of surface 
tension had to be made in a sealed tube, the only method which 
could be used was that of capillary rise. On acoount of the diffi- 
culty of measuring accurately the position of the lower meniscus 
when using a single capillary tube, the double capillary method 
described by Sugden (J., 1921, 119, 1483) was finally adopted. 
Two capillaries, about 6 cm. long, with internal diameters of approx. 
0*6 and 0*9 mm., were held together by glass bridges at the top and 
bottom. Glass projections were used in order to keep the capillaries 
upright and close to one side of the outer tube holding the liquid, 
so as to leave room for the silica floats which were also enclosed in 
the tube. Since the measurements were required primarily in 
order to calculate the parachor, which involves only the fourth 
toot of the surface tension, no attempt was made to secure the 
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highest order of accuracy, nor was it considered necessary to procure 
capillaries which were accurately circular in cross section. 

Calibration of the apparatus was carried out with benzene and 
checked with water, Sugden’s values for the surface tension of these 
two liquids being used. The benzene was purified by fractional 
crystallisation and then distilled in an all-glass apparatus. The 
water was distilled from dilute permanganate in an all-glass 
apparatus, which had been thoroughly freed from grease, directly 
into the tube containing the capillary apparatus. The two calibra- 
tions agreed closely. 

Table II. 

Surface Tension and Parachor . 


(a) Equilibrium mixtures . 

[P A ] calc. - [P A ] obs.* 


At. % Cl. 

Temp. 

ye. 

yo°. 

for 100 atoms : 

<°, 0°. 

50-0 

16*3° 

43*43 

45*66 

-7 

7 

52*07 

20*2 

41*6 

— 

2 

— 

54*34 

15*0 

40*48 

42*70 

33 

39 

58*20 

17*1 

38*10 

40*61 

47 

53 

58*37 

18*2 

38*18 

— 

39 

— 

59*73 

14*6 

37*70 

39*79 

53 

64 

60*09 

15*2 

37*56 

39*75 

52 

61 

61*87 

15*7 

36*84 

— 

49 

— 

64*28 

— 

— 

37*63 

— 

69 

66*82 

15*0 

34*39 

— 

58 

59 

67*04 

14*5 

32*24 

36*58 

53 

69*23 

20*1 

31*87 

— 

65 

— 

73*31 

— 

— 

33*03 

— 

80 

74*16 

16*0 

29*47 

32*53 

83 

69 

76*47 


— 

30*84 

— 

99 

81*20 

19*0 

24*91 

— 

99 

— 

81*37 



— 

28*20 

- — 

103 

83*71 

13*0 

24*81 

26*81 

94 

98 

90*05 

15*9 

21*79 

24*31 

75 

81 

93*83 

16*4 

20*44 

23*31 

44 

44 

100 

12*9 

18*87 

21*10 

2 

5 

100 


— 

21*21 

— 

—4 

100 

*— 

— 

21*24 

*-*— 

—3 

57*68 

(b) Mixtures 0 / monoohloride and chlorine. 

— — 38-63 — 

90 

71*14 

• 

— 

30*29 

— 

167 

83*01 

— 

— 

25*43 

— ■ 

146 

* For definition of [P A ], see p. 1014. 

If A is the difference in the heights of the liquid in the 

two tubes, 


measured from the base of one meniscus to the base of the other, 
and h x and h 2 are the respective heights of each meniscus, the 
corrected difference in rise, H, is given by H =3 h + ^h x •— $h t7 
since Richards and Carver (J. Amer. Chem . Soc., 1921, 43, 827) 
found that is a sufficiently accurate meniscus correction for 
most purposes. If D is the density of the liquid, and d that of the 
mm2 
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gas above tbe liquid, the surface tension is given by the equation 
y = H(D — d) /k, where k is found from the calibrations. Values of 
d were estimated from the density of air together with Aten’s values 
for the vapour pressure of sulphur chlorides of different compositions. 

In making measurements of surface tension, the outer tube, 
with the apparatus enclosed, was clamped upright inside a small 
j-.fl.nlr -with a plate-glass front and back. It was illuminated from 
behind, thr ough a water tank, to absorb heat rays, and a ground- 



40 50 60 70 80 90 100 

01 , atoms %, 

glass screen. The heights were read with a travelling microscope, 
rea ding to 0*001 mm. Comparative measurements on the same 
sample of liquid show a probable error of about 0-2 dyne per cm. 

Results. The surface tensions, at room temperature or at 0° or 
both, of 23 equilibrium mixtures containing 50 — 100 atoms % of 
chlorine are set out in Table II, together with values for three 
mixtures of uncombined sulphur monochloride and chlorine. 

Marchand ( J, Ghirn. physique, 1913, 11, 574) gives for the surface 
tension of liquid chlorine the values 21*90 at 0° and 19*47 at 12*7°, 
as compared with our values, 21*22 at 0° and 18*87 at 12*9°. 
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Discussion of Results. 

(a) The densities at 15° and at 0° of mixtures of sulphur mono- 
chloride and chlorine at equilibrium are plotted in Fig. 1, 1 and III. 
The curves are nearly linear from S 2 C1 2 to SC1 2 , after which the 
densities decrease more rapidly towards that of pure chlorine, but 
without giving any indication of a change of direction at the com- 
position of the tetrachloride. The densities at 0° of uncombined 
mixtures of sulphur monochloride and chlorine, which are plotted 
in Curve II, are lower throughout, since chemical combination 
(which is revealed by a red coloration) is accompanied by a con- 
traction, which reaches a maximum at or near the composition of 
the dichloride. Mixtures containing less than 50 atoms % of 



50 60 70 80 90 100 

Cl, atoms %. 

(a) Mean atomic volumes. (b) Partial atomic volumes of chlorine. 

chlorine also become more dense after being heated, as may be seen 
by comparing curves IV and VI (unheated) with V and VII (heated). 
This contraction is attributed to the formation of polysulphides : 

Cl-S-S-Cl — ^ ChS'S*S’Cl — Cl-S-S-S-S-Cl 

(compare Angeli and Magnani, Gazzetta> 1893, 23, ii, 415; 1894, 
24, i, 349 ; Henrique, Ber., 1894, 27, 2993; Beckmann and Geib, 
Z. anorg. Ghem 1906, 51, 96; Bruni and Amadori, Atti R. Accad. 
Lined , 1919, 28, i, 217 ; Hammick and Zvegintzov, J., 1928, 1785 ; 
Irautz, Z. Elektrochem ., 1929, 35, 110). 

An alternative way of displaying the densities is to plot the mean 
atomic volume, V = (A^-f A<£nf)\&, where A x and A 2 are the 
atomic weights, and n x and n t the atom fractions. The resulting 
curve for equilibrium mixtures at 15° (Fig. 2a) is at first nearly 
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linear, but rises more steeply as the composition of the dichloride 
is approached. A more sensitive method is to plot the partial 
atomic volume of the chlorine (Lewis and Randall, <e Thermo- 
dynamics,” New York, 1923), i.e ., the increase of volume when 
1 g.-atom of chlorine is added to an infinite volume of the mixture 
and brought to equilibrium. The resulting curve (Fig. 26) is at 
first horizontal, since monochloride is converted quantitatively 
into dichloride with a constant increment of volume, the mixture 
behaving in this respect as an te ideal solution.” The curve then 
rises steeply through the composition of the dichloride; this rise 
corresponds with the range of dissociation of the dichloride, at the 

Fig. 3. 


Surface tensions . 



01, atoms %. 


beginning of which the chlorine is all used to form diehloride whilst 
at the end it all remains free. Finally, the curve rises gently to 
the atomic volume of free chlorine, without any sign of discontinuity 
at the composition of the tetrachloride, although the slope of the 
line shows that the dichloride and chlorine do not form an ideal 
solution. 

(6) The surface tensions, which are plotted in Fig. 3, increase 
progressively from 21*2 for chlorine to 45-7 for sulphur diehloride* 
The values for uncomblned mixtures lie on a smooth curve; but 
those for: equilibrium mixtures, which are higher throughout, 
cannot be represented by a simple curve. An attempt to represent 
the data by two curves unexpectedly revealed a discontinuity at 
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67 atoms % of chlorine, which is so close to the composition of the 
dichloride that the coincidence can scarcely be accidental. An 
even more striking discontinuity is seen in the “ paraehor de- 
ficiencies 99 (see below), but in neither case has any similar feature 
been observed at the composition of the tetrachloride. 


Summary . 

1. The densities and surface tensions of equilibrium mixtures of 
the chlorides of sulphur have been measured from 37 to 100 atoms 



Mean atomic parachors. 

% of chlorine, between — 4° and 30° and at 0° and room temper- 
ature respectively. The following constants have been determined : 

Densities. Mol. volumes. Surface tensions. 

0*. 15°. 0°. 15°. 0°. 15°. 

SXJl, 1*7106 1*6892 78-86 80-04 45-7 43*6 

SCL (equilm.) ...... 1*6667 1*6285 62*10 63*2 36*6 34*4 

Cl 2 1*4671 1*4247 48-33 49*78 21*2 — 

Well-marked discontinuities occur at the composition of the di- 
chloride, but not of the tetrachloride. The densities and surface 
tensions of uncombined mixtures are lower than after combination 
has taken place. 
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2. The values found for the molecular parachors, viz., Cl 2 = 104*6, 
S 2 C1 2 — 205*5, lead to atomic parachors S = 50*48, Cl = 52*28. 
The mean atomic parachors of intermediate mixtures are lower than 
those required by a linear law of mixing, but the deficiencies are 
smaller after combination (see Fig. 4 and Appendix). The single 
loop from S 2 C1 2 to Cl 2 is then replaced by a double loop from S 2 C1 2 
to SC1 2 and from SC1 2 to Cl 2 , but with no indications of a break at 
SCI,. 

Appendix. 

The Parachor of Mixtures . — Hammick and Andrew (J., 1929, 
754) recorded the existence of deviations from a linear relation in 
the parachors of mixtures, and suggested “ that the deviation is 
connected with the Gibbs surface-adsorption effect,” since it 
appeared to be associated with a difference in surface tension between 
the two components. Our experiments (which were completed 
nearly two years before, but had been circulated only in the form 
of a thesis) had already established the existence of similar deviations 
from the linear law, not only in mixtures of sulphur monochloride 
and chlorine, but also in mixtures of partly dissociated sulphur 
dichloride with sulphur monochloride and with chlorine; but, 
since the parachor is fundamentally a volume relationship, we do 
not regard the difference in surface tensions, nor the Gibbs surface- 
adsorption effect, as the only factor in producing these deviations. 
Thus, apart from the relative inaccuracy of all measurements of 
surface tension, there is no obvious reason why small changes of 
volume, produced by mixing a pair of optically isomeric compounds, 
should be exactly balanced by changes in the fourth root of the 
surface tension. 

The methods and formulae of Hammick and Andrew imply a 
knowledge of molecular constitution which we did not possess in 
this case. Our analysis of the problem was therefore carried out 
with the help of the mean atomic parachor, which we define by the 
equation [P A ] = (A 1 n 1 + A z n 2 )y^/{D - d ), where A V A 2 , n[ and 
n % have the same significance as before (p. 1011). If there were no 
change in the parachors of the components, either on admixture 
or on chemical combination, the value of this function would be 
[Pa] = P + -fVV w here P 1 and P 2 are the atomic parachors 
of the two elements as deduced from the molecular parachors of the 
limiting components of the system . Our measurements give for the 
molecular parachors, S 2 CV = 205*5, Cl 2 = 104*6, whence S = 50*5, 
Cl == 52*3; whereas Sugden (J., 1925, 127, 1533) gives SaCLj = 
205*1, and deduces (J., 1924, 125, 1188) CL* = 111*5 from the 
data of Marchand (loc. ciL ), finally adopting for the atomic parachors 
the values S = 48*2, Cl = 54*2. 
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The atomic parachor deficiencies plotted in Fig. 4, I and II, re- 
present the differences ( x 100) between the values of [P A ] derived 
from the two preceding equations (i) for equilibrium mixtures 
and (ii) for uncombined mixtures of sulphur monochloride and 
chlorine. It is therefore possible for the first time to make a direct 
comparison of the deviations from the linear law which are produced 
by chemical and by physical interaction between the components, 
in liquids of identical composition. The uncombined mixtures 
show the largest deviations, rising to a maximum of about 3% at 
about 75 atoms % of chlorine. When chemical combination takes 
place, this deviation is reduced, e.g., to about 1% at the composition 
of the dichloride; but secondary maxima are then developed in 
mixtures of this compound with the two components from which 
it was formed. The curve III, which shows the change in the mean 
atomic parachor on chemical combination, rises to a maximum at 
or near the composition of the dichloride, but shows no analogous 
singularity at the composition of the tetrachloride. 

Laboratory of Physical Chemistry, 

Cambridge. [ Received , December 23 rd 9 1929.] 


CXXVI. — 2 -Arylcoumamnones. 

By Wilson Baker. 

Amongst the methods available for the preparation of coumaranones 
are those in which a cyanohydrin or a-monohalogeno-nitrile is con- 
densed with polyhydric phenols under the conditions of the Hoesch 
synthesis (Sonn, Per., 1917, 50, 1262 ; Slater and Stephen, J., 1920, 
117, 309; Sonn and Falkenheim, Per., 1922, 55, 2975; Klarmann, 
J. Amer . Chem . Soc ., 1926, 48, 2366). Some years ago it was 
desired to synthesise 4 : -dihydroxy -2 -p-methoxyphenylcoumamnone 
(I), since it appeared probable at one time that such a compound 
occurred naturally, and it was suggested to the author by Professor 
R. Robinsfon that such arylcoumaranones might be synthesised 
from the readily accessible 0-benzoyl derivatives of aromatic alde- 
hydes (Francis and Davis, J., 1909, 95, 1404) by means of the 
Hoesch reaction. This expectation has been realised, but the yields 
are very poor and the products difficult to isolate except as acetyl 
derivatives. Further, the acetylation often takes an abnormal 
course. The use of aromatic aldehyde cyanohydrins themselves is 
prohibited owing to the ease with which they undergo condensation 
to derivatives of 1 : 4-diazines when treated with hydrogen chloride 
in ethereal solution (Minovici, Per., 1899, 32, 2206 ; Japp and Knox, 
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J., 1905, 87, 701; for mechanism of the reaction see Ingham, J., 
1927, 694). 



HO AcO OAc 


The interaction of O-benzoylardsaldehydecyanohydrin and phloro- 
glucinol in ethereal solution with hydrogen chloride in presence of 
zinc chloride gave a solid ketimine, which after complete hydrolysis 
with concentrated hydrochloric acid yielded finally the coumaranone 
(I). Acetylation of the crude coumaranone with acetic anhydride 
and a trace of pyridine yielded 3:4: ^4Tiamtoxy-2-^metlwxyphmyU 
cmmarone (II) and anhydro-5-hydroxy-7-acetoxyA-oc-hycbroxy-$-meth- 
cxybenzylcoumarin (3H), which were separated by physical means. 
The constitution assigned to (III) is based on the facts that, unlike 
(I) and (II), it does not reduce Fehling’s solution, and that its alco- 
holic solution has a violet fluorescence. 


O 



The analogous condensation of O-benzoylanisaldehydecyano- 
hydrin and resorcinol gave, after complete hydrolysis, ja product 
which could be obtained crystalline only after acetylation with 
acetic anhydride. This again proved to be a mixture, which was 
separated into 6- acetoxy-2^methoxyphenylcommra7ione (IV), and 
a compound of high molecular weight which did not reduce Fehling’s 
solution and is tentatively regarded as 3-JcetoS : 3' : & -triacetoxy- 
2 : 2'-di-'p-methoxyphenyl-2 : 3 ' -dicoumaranyL 


AcO 

(V.) 


OAc 

bO*CH(OAc)Ph 


>9H-CH 2 Ph 
CO (VI.) 


The condensation of O-benzoylbenzaldehydecyanohydrin with 
resorcinol yielded finally after acetylation 2 : k-diacetoxy-O-aceiyl- 
bemom ^f) y the ring in this case not having closed. 

2-Arylcoumaranones of the type (I) could doubtless be prepared 
most readily by the condensation of a-bromophenylacetonitriles 
with polyhydric phenols, and with this in mind a-bromo-(3-phenyl- 
prOjuonitrile was condensed with resorcinol under the conditions of 
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the Hoesch reaction. Acid hydrolysis of the product gave a good 
yield of ft-hydroxy -2-benzylcoumaranone (VI), which on acetylation 
yielded 3 : 6-diacetoxy-2-benzylcoumarone . It is obvious that the 
condensation might proceed in a number of ways to give a compound 
C 15 H 12 0 3 , which might be either (VI), 2 : 4-dihydroxyphenyl styryl 
ketone, 7-hydroxyflavanone, 7 -hydroxy~4-phenyl-3 : 4-dihydro- 
coumarin (compare Fischer and Nouri, B&r., 1917, 50, 611), or 
7-hydroxy-3-benzyKsocoumaranone. The physical properties of 
the reaction product are not in agreement with those of 2 : 4-di- 
hydroxyphenyl styryl ketone (Ellison, J., 1927, 1720), and of the 
other possibilities only (VI) could give a diacetyl derivative. 

Klarmann (loc. tit.) has condensed a-bromo-n-butyronitrile with 
phloroglucinol by the Hoesch reaction and obtained a j>roduct 
which he describes as 4 : 6-dihydroxy-2-ethylcoumaranone. Al- 
though this reaction is exactly analogous to the case described above, 
and might lead to any of five isomeric products, no proof of the 
constitution of the substance was given ; yet by analogy with the 
present case there can be little doubt that the compound isolated 
was actually the coumaranone. 

The condensation of glycollonitrile with resorcinol has been 
described by Slater and Stephen {loc. tit.), who state that the 
reaction yields 6-hydroxy coumaranone. Karrer and Biedermann, 
however (Helv. Chim. Acta, 1927, 10, 441), find that the only 
product is co-hydroxyresaeetophenone (fisetol). Full experimental 
details are not given by Slater and Stephen, but as the result of a 
number of experiments the author confirms the result of Karrer 
and Biedermann, and has further been unable to convert co-hydroxy- 
resacetophenone into 6-hydroxycoumaranone by heating with 
various strengths of hydrochloric or sulphuric acid with or without 
the addition of zinc chloride — conditions which were probably used 
by Slater and Stephen in hydrolysing the ketimine. 

EXPERIMENTAL. 

Condensation of O-Benzoylanisaldehy decyanohydrin with Phhro - 
glutinoh — (a) A solution of the cyanohydrin (30 g.; Francis and 
Davis, loc . tit.) and phloroglucinol (14*2 g.) in anhydrous ether 
(300 c.c.) was saturated with hydrogen chloride at room temperature. 
After 48 hours the solid ketimine was collected, washed with ether, 
and hydrolysed by heating with concentrated hydrochloric acid 
for 4 hours. The product was freed from benzoic acid by washing 
with sodium bicarbonate solution and was finally dissolved in 
alcohol (charcoal), and the solution concentrated to a small bulk. 
After several weeks the crystals which had separated from the 
viscous fluid were isolated by pressing the product between places 
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of porous earthenware, and were then recrystallised from a very 
small volume of alcohol, being obtained in microscopic, almost 
colourless plates, m. p. 216 — 217° (Found: C, 66*2; H, 4-6. 
Ci 5 H 12 0 5 requires C, 66-1 ; H, 4*4%). 4 : §-Dihydroxy-2-^-imthoxy- 
phenylcoumaranone (I) gives a brownish-violet coloration with ferric 
chloride in alcoholic solution, and its solution in concentrated 
sulphuric acid is purplish. -pink. It readily reduces Fehling’s 
solution. 

(b) A solution of the cyanohydrin (20 g.) and phloroglucinol 
(10 g.) in ether (200 c.c.) was saturated with hydrogen chloride, 
first at room temperature and then, after the addition of powdered 
anhydrous zinc chloride, at 0°. After 48 hours at 0°, water was 
added, and the ketimine hydrolysed by heating on the water-bath 
for 2 hours. The solid product was collected, heated for 1 hour in 
dilute sodium hydroxide solution, and reprecipitated by carbon 
dioxide. It was again collected, dried on porous earthenware, and 
acetylated by boiling with acetic anhydride and a trace of pyridine 
for 3 hours. The acetylated material was isolated by the addition 
of water and was obtained as light-brown crystals by recrystal- 
lisation from acetic acid (charcoal), in which it was sparingly 
soluble (vield, 7 g.). Three further crystallisations from acetic 
acid yielded a colourless product, which consisted of a mixture of 
compact prisms (A) and slender needles (B), An almost complete 
separation of the two substances was effected by stirring the mixture 
with alcohol, allowing the compact prisms to settle, and pouring 
off the alcohol while most of the thin needles were still suspended. 
The process was repeated several times, and finally both substances 
were separately crystallised from large volumes of alcohol. 

Substance (A) separates from its hot alcoholic solution, which has 
a violet fluorescence, in thin, almost rectangular plates, m. p. 181 — • 
182° (Found: C, 67*4; H, 4*1. C 19 H 14 0 6 requires C, 67*4; H, 
4*1 %). Arihydro-5 -hydroxy -1-acetoxy A-oL-h/ydroxy -p-meihoxybenzyl- 
coumarin (III) gives a colourless solution in concentrated sulphuric 
acid, and does not reduce Fehling’s solution. 

Substance (B) separates from warm alcohol in very thin, prismatic 
needles, m. p, 174 — 175° (Found: C, 63*3; H, 4*6. C 21 H 18 0 8 
requires C, 63*3 ; H, 4*5%). 3:4: 6-Triacetoxy-2--p-methoxyphenyl- 
coumarone (II) gives a non-fluorescent solution in alcohol; the 
solution in concentrated sulphuric acid is a strawberry-red, which 
turns deep reddish-violet on standing. It readily reduces Fehling’s 
solution. 

Condensation of O-Benzoylanisaldehydecyanokydrin with Resorcinol, 
— The condensation, and complete hydrolysis of the product, were 
earned out as in the case of the corresponding reaction with phloro- 
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glucinol (method b). The non-crystalline phenolic substance was 
acetylated by boiling with acetic anhydride for 6 hours, and the 
solid isolated by the addition of water was crystallised from acetic 
acid (charcoal) and then from alcohol, in the latter case the crystals 
being collected from the still warm solution. A further crystal- 
lisation from ethyl acetate gave small colourless needles, m. p. 217° 
(Found : C, 67*3 ; H, 5*2 ; M> by East’s method, 646. C 36 H 30 O 11 
requires C, 67-7 ; H, 4-7% ; M, 638). This substance gives a colour- 
less non-fluorescent solution in alcohol; in concentrated sulphuric 
acid an orange solution is obtained, which slowly turns more pink. 
Prolonged hydrolysis with aqueous-alcoholic potassium hydroxide 
yields no benzoic acid, and the substance does not reduce Fehling’s 
solution. It is most probably 3 -keto-6 : 3' : 6' -triacetoxy-2 : 2'-di- 
■p-methoxyphenyl-2 : 3' -dicoumamnyl. 

The alcoholic mother-liquor from the crystallisation of the fore- 
going compound deposited minute slender needles, m. p. about 135°. 
This second substance was obtained, after two recrystallisations 
from alcohol, in colourless prismatic needles, m. p. 139° (Found : 
C, 68*4 ; H, 4*8. C 17 H 14 0 5 requires C, 68-4 ; H, 4-7%). 6-Acetoxi /- 
2-p-inethoxyphenylcoiimaranone (IV) readily reduces Fehling’s solu- 
tion and gives a colourless solution in concentrated sulphuric acid. 

Condensation of O-Benzoylbenzaldehydecyanoliydrin and Resorcinol. 
— A solution of the cyanohydrin (20 g.) and resorcinol (20 g.) in 
ether (150 c.c.) was saturated with hydrogen chloride at 0°, and 
powdered anhydrous zinc chloride added. After 24 hours water 
was added and the whole heated on the water-bath for 2 hours. 
The semi-solid product was dissolved in sodium hydroxide solution, 
reprecipitated with carbon dioxide, collected, and acetylated by 
boiling with acetic anhydride. The acetyl derivative isolated by 
the addition of water crystallised from alcohol in colourless pris- 
matic needles, m. p. 158° (Found : C, 65T ; H, 4*5. ^'20-^18^7 
requires C, 64*9; H, 4*8%). 2 : ^Diacetoxy-O-acetylbenzoin (V) 
readily reduces Fehling’s solution and gives a pale yellow colour in 
concentrated sulphuric acid. 

Condensation of K-Bromo-$-phenylpropionitrile and Resorcinol. — A 
solution of a-bromo-P-phenylpropionitrile (10 g. ; Baker and Lap- 
worth, J., 1924, 125, 2333) and resorcinol (10 g.) in ether (100 c.c.) 
was saturated with hydrogen chloride at 0°, after the addition of a 
little powdered zinc chloride. After 48 hours water was added and 
the ketimine hydrolysed by heating on the water-bath for 1 hour. 
The solid ketone was collected and dissolved in dilute aqueous sodium 
hydroxide, and the solution shaken with chloroform. The alkaline 
layer was acidified ; the solid obtained crystallised from chloroform 
(charcoal) in colourless, thick, diamond-shaped plates, m, p, 161° 
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{Found in material dried at 140° : C, 74*7 ; H, 5*3. C 15 H 12 G 3 
requires C, 75*0; H, 5-0%). 6 - Hydrox y - 2 -benzylcoumaranone (VI) 
gives no coloration with ferric chloride in alcohol, and does not 
reduce Fehling’s solution. Its solution in concentrated sulphuric 
acid is pale-yellow. 

The diacetyl derivative was prepared by boiling the parent sub- 
stance (2 g.) with acetic anhydride (20 c.c.) and anhydrous sodium 
acetate (2 g.) for 3 hours. 3 : 6-Diatetoxy-2-benzylcoumaroiie, 
isolated by the addition of water, crystallised from methyl alcohol 
(charcoal) in colourless prismatic needles, m. p. 76° (Found : G, 70-5 ; 
3EE, 4*9. C 19 H 16 0 5 requires C, 70-4; H, 5*0%. A monoacetyl 
derivative, C 17 H 14 0 4 , requires C, 72*3; H, 5*0%). 

The Dyson Perrins Laboratory, 

Oxford. [. Received March 20th, 1930.] 


CXXVIL — Organic Derivatives of Silicon . Part XLII . 

cydo ffexyl Derivatives of Silicane and Silicoethane. 

By Keith William Palmer and Frederic Stanley Kipping. 

As the only known compounds containing tervalent silicon atoms 
are octaphenylsilicotetrane (J., 1923, 123 , 2590) and octa-p-tolyl- 
silieotetrane (Steele and Kipping, J., 1929, 2545), prepared from the 
dichlorides R^SiCh, it seemed of interest to try to obtain aliphatic 
analogues of these substances, especially as, at the same time, 
several outstanding problems relating to certain very sparingly 
soluble products (J., 1924, 125 , 2291) might be elucidated. As, 
however, the simple dialkyl derivatives of silicon tetrachloride are 
not very easily isolated, it was thought that dicyclohexylsilicon 
dichloride would be a more suitable starting point for the attainment 
of the objects in view. 

Silicon tetrachloride was therefore treated with an ethereal 
solution of magnesium cyclohexyl bromide (about 2 \ mols.), and the 
crude product, isolated in the usual way, was submitted to dis- 
tillation (35 mm,). Except for dici/cZohexyl and an unexpectedly 
small yield of impure cyclohexylsilicon trichloride , hardly any volatile 
product was obtained; at a certain temperature the oil began to 
froth and quickly changed into a bulky yellow solid, which was 
neither Grignard compound nor magnesium salt, and during this 
transformation, cycZohexene, dicycZohexyl, and hydrogen chloride 
were formed. 

The attempted distillation of the crude oil under 1 — 2 mm. gave 
practically the same results as under the higher pressure; some 
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trichloride and a very little impure dic«/cZohexylsilicon dichloride 
were found in the distillate, but most of the product remained as a 
brittle solid. It was evident that the results of the interaction of 
silicon tetrachloride and magnesium cyeZohexyl bromide, or of the 
distillation of the cycldhexyl derivatives of silicon tetrachloride, must 
be entirely different from those observed in any previous study of 
alkyl or aryl derivatives of the tetrachloride. 

It was then found that the crude distilled dichloride, and also the 
non-volatile products, contained compounds which gave hydrogen 
with alkali ; during the original reaction, or the subsequent distil- 
lation, therefore, silicon atoms had become directly united. 

From the volatile products, cycZohexylsilicon trichloride was 
isolated without difficulty ; on hydrolysis it gave a non-crystalline 
material, which consisted of a mixture of at least three condensation 
products derived from the hydroxide C 6 H u *Si(OH) 3 . When dried 
over sulphuric acid, these different substances gave “ cyclo- 
hexylsiliconic acid 33 having approximately the composition 
(C 6 H 11 *Si0-0H) ?lJ which was insoluble in all ordinary solvents but 
gave a soluble crystalline salt with sodium ethoxide ; when heated 
at 150°, the acid underwent further condensation, giving a product 
having the composition of the “ anhydride ” [(C 6 H u *Si0) 2 0]„. 
These results correspond closely with those obtained by Meads and 
Kipping in their study of the phenyl-, benzyl- and propyl- “ siliconic 
acids ” (J., 1914, 105, 679 ; 1915, 107, 459). 

The dichloride (C 6 H 11 ) 2 SiCl 2 was not obtained free from di cyclo- 
hexyl; on hydrolysis it gave a non-crystalline solid, consisting of 
a mixture of condensation products of (C 6 H u ) 2 Si(OH) 2J soluble in 
various organic solvents; when precipitated from its ethereal 
solution with glacial acetic acid, this substance melted at 140 — 145°, 
but it underwent further condensation when kept or when heated 
at 100°, giving an anhydrodicycZohexylsiUeanediol [(C 6 H 11 ) 2 SiO] 7 . 
This final condensation product, therefore, is a mixture of compounds 
of the same order of complexity as those obtained from diethyl- 
silicon dichloride (Martin and Kipping, J., 1909, 95, 302), which gave 
an average molecular weight corresponding with [SiEt 2 0] 7 , 

For the investigation of the non-volatile products of the original 
interaction, distillation was stopped just below that temperature 
at which frothing occurred ; the residue was treated with ether, 
which precipitated an insoluble solid. The soluble matter from the 
ethereal solution gave on hydrolysis a mixture of at least two sub- 
stances, one insoluble, the other soluble in ether. The former gave 
analytical data which corresponded with those required for a mixture 

of condensation products of the hydroxides arL< * 
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The latter seemed to be a tetracvcZohexylsilico- 

(CeHnJgSpOH 

ethanediol, 95" 5 which when heated at 100° was con- 

( G e H n)2Si*0H 

verted into a condensation product having a molecular weight of 
about 3000, corresponding with [(C 6 H 11 ) 4 Si 2 0] 7 . 

From these results it would seem that the interaction of silicon 
tetrachloride and magnesium cyclohexyl bromide takes place 
normally, giving ci/cZohexylsilicyl trichloride, dicycZohexylsilieon 
dichloride and probably some tricycZohexylsilicyl chloride. The 
yield of the dichloride, obtained by distillation, however, is very 
small and the main portion of the product which has been heated 
at 150 — 180° consists of derivatives of silicoethane. Further, the 
quantity of dicycZohexyl obtained on distillation seems to be greater 
than that which could have been formed in the preparation of the 
C4rignard reagent under the known conditions. It is inferred, 
therefore, that some of the original products of the reaction are 
converted at 150 — 180° into derivatives of silicoethane by changes 
such as the following : 

2<C 6 H 11 ) 2 SiCl 2 = jgu'g + (C 6 H u ) 2 . 
2(C 6 H 11 ) 2 SiCl 2 = (C «^|!^ + C 6 H u C1 (or C 6 H 10 + HC1) 

2(C 6 H n ) 3 SiCl = + (G * H ^' 

This inference is confirmed by the fact that the distilled mixture of 
dici/cZohexyl and diq/cZohexylsilicon dichloride gives, when heated, 
a solid residue similar to that referred to above. Further, since the 
crude product, before distillation, contains a small proportion of 
compounds in which silicon atoms are directly united, the formation 
of silicoethane derivatives occurs to some extent at or below 100°. 

Many analyses of the solid produced during distillation have been 
made but without any definite results. This product contains only 
about 1 atom of chlorine to 4 silicon atoms and less than 1 cyclo- 
hexyl group to each silicon atom. From the hydrogen values of 
many samples it must be concluded that the elimination of hydrogen 
chloride and cyclohexene from the silicoethane derivatives is not 
accompanied by a further direct combination of silicon atoms, but 
rather by a fission of some of the ^SSi-Si~ links. Its products of 
hydrolysis differ but little in composition from the original solid, 
and when treated with sodium hydroxide solution they give appar- 
ently sodium silicate and the sodium salt of “ c?/cZohexylsilicomc 
acid,’’ without the production of any appreciable quantity of a 
fission product which is insoluble in aqueous alkali. 
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Until some other cz/cZohexyl derivatives of silicane have been 
studied, any suggestions as to the natures of these complex products 
would be of little value ; it is hoped that work now in progress may 
afford some information. 

Experimental. 

The Grignard Reagent . — In the preparation of magnesium cyclo- 
hexyl bromide the yield is never theoretical ; * the best results 
(yield, 50 — 60%) were obtained as follows. Into a mixture of 
magnesium (18 g.) and ether (150 c.c.) containing a crystal of iodine, 
about 6 c.c. of a mixture of cyclohexyl bromide (120 g.) and ether 
(90 c.c.) are run. As soon as the initial vigorous reaction has some- 
what subsided, the remainder of the bromide solution is added during 
4 — 5 hours ; the whole is then heated on a water-bath for i hour. 
Only about 5% of the magnesium remains undissolved and there is 
no deposition of magnesium salt. 

The Reaction with Silicon Tetrachloride . — The solution of the 
Grignard compound (2i mols.) is dropped into an ice-cold, well- 
stirred solution of silicon tetrachloride (35 g.) in dry ether (50 c.c.). 
Magnesium halide begins to separate when about 1 /3 of the reagent 
has been added, occasionally in the solid form, but more often as a 
brown or green oil, which in some cases does not crystallise even 
when, after the addition of all the Grignard reagent, the contents 
of the flask are heated on a water-bath under reflux during 3 hours. 
This oil, which passes through filter paper, contains about 60% of 
ether and probably consists of a saturated solution of ether in an 
etherate of magnesium chlorobromide of the class of compound 
described by Menschutkin (/. Russ. Phys . Chem. Soc., 1907, 39 , 
1548), 

After having been heated until the deposition of magnesium salt 
seems to be at an end, the clear ethereal solution gives on evaporation 
a further quantity of magnesium salt as a purple crystalline mass, 
the yellowish liquid turning emerald-green; the latter is filtered, 
the residue washed with ether, and the combined filtrate and washings 
are again evaporated. These processes must be repeated three or 
four times before the solution ceases to give a deposit of magnesium 
halide. The liquid product, which is now light yellow, is submitted 
to distillation (35 mm.). At first a little cyclohexene passes over 
and then a considerable fraction is collected at 120 — 135°; this 

* Tschitschibabin (Her., 1905, 38, 562) prepared the corresponding chloride 
in dry hydrogen, with a cooled reaction vessel, and used it to prepare esters, 
of which the yield was only 40%. Hell and Schaal (Her., 1907, 40 , 4162) 
observe that in the preparation of magnesium cyclohexyl bromide, the maxi- 
mum yield of Grignard compound is about 60% ; Adams and Holler (“Organic 
Syntheses,” Vol. VI) give 61 — 65%. 
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contains cyclohexyhhie on trichloride and cyclohexyl bromide. The 
nest fraction, collected up to 150°, consists almost entirely of d icyclo- 
hexyl but contains a little dicf/cfohexylsilicon dichloride. The 
temperature then rises rapidly to 170 — 180° but only a very small 
quantity of liquid distils, and there is violent frothing, owing 
doubtless to the evolution of hydrogen chloride, with formation of 
a bulky solid. When the heating is discontinued, before frothing 
commences, while the whole contents of the flask are still liquid, 
the residue is soluble in dry ether with the exception of a small 
proportion of a yellowish solid, and the products in the ethereal 
solution, on hydrolysis, give a small proportion of the oxide 
[(C 6 H 11 ) 2 SiO] n , together with compounds containing linked silicon 
atoms . When, however, the heating is continued, the contents of the 
flask solidify, no dichloride distils, none can be extracted from the 
residue, and no diol is obtained by the hydrolysis of either the 
distillate or the residue. 

When the crude product is distilled under 3 — 4 mm. pressure, the 
first fraction collected below 120° contains dicyclohexyl and cyclo- 
hexylsilicon trichloride ; the next fraction, from 140 — 155°, contains 
dic^cZohexyl and dicycZohexylsilicon dichloride ; a very small 
fraction passes over from 155—180° and consists principally of the 
dichioride. At this stage the greenish, very viscous residue is almost 
entirely soluble in dry ether, but, if heating is continued, frothing 
occurs and the contents of the flask gradually become solid. 

cyclo Hexylsilicon Trichloride and “ cyclo Hexylsiliconic Acid .” — 
The product collected from 120 — 135° (35 mm.), fractionated at 
atmospheric pressure, afforded a colourless fuming liquid, b. p. 
208—211° (Found : Cl, 48-6. CgH^CljSi requires Cl, 48*9%). 

When this trichloride is dropped into well-stirred ice-cold water, 
a white solid is formed, but a considerable proportion of the hydrolysis 
product remains in solution, and only a small fraction of this dis- 
solved matter can be extracted with ether. The solid, insoluble in 
water, when freshly precipitated is partly soluble in ether, and the 
ethereal solution on evaporation gives a colourless glue-like mass 
which rapidly hardens to a resin and becomes insoluble in ether. 
The original solid left at the ordinary temperature also becomes 
wholly insoluble in ether and other solvents ; further, it is no longer 
completely soluble in cold sodium hydroxide solution. The aqueous 
solution cf the original product of hydrolysis gives on evaporation 
a gelatinous precipitate which dries in the air to a white powder 
insoluble in water and in ether. Three samples of the preparation 
insoluble in water and in ether, dried over sulphuric acid during 
24 hours and then for ah hour at 100°, gave Si. = 19*2, 19-0, -and 19*0 
(Calc, for C 6 H n *SiO*OH: Si, 19*4%). 
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Two such samples were heated first at 100° during 24 hours and 
then at 150° during 24 hours until constant in weight; the 
average loss (6-1%) corresponded with that (6-2%) required for 
2C e H 1 i*SiO*OH = (C 6 H 11 *Si0} 2 0 + H 2 0 and the heated products 
gave Si, 20*9 and 20*8 respectively [Calc, for (C 6 H n -Si0) 2 0 : Si, 
20-7%]. 

“ cycloH exylsiliconic acid ” dissolves slowly in warm 5 — 10% 
sodium hydroxide solution, from which it is immediately precipitated 
at the ordinary temperature or at 0° by ammonium chloride / but only 
after some time by dilute hydrochloric acid; only a very small 
proportion of this precipitate is soluble in ether and this rapidly 
becomes insoluble when it is kept. The insoluble form of the acid 
does not melt, but chars at a high temperature. When a solution 
of the sodium salt in 5% caustic soda is boiled, a sBght odour of 
cyclohexane can be detected but decomposition is very slow as in 
the case of other alkylsiliconic acids (Meads and Kipping, J., 1914, 
105 , 688). With more concentrated solutions decomposition takes 
place more rapidly ; after having been refluxed during 1 hour the 
products, precipitated by ammonium chloride and dried at 180 — 
200°, gave the following results : From 8% IT aOH, Si = 26*5 ; 20% 
NaOH, Si = 30*1; 30% NaOH, Si ==39-1; 40% NaOH, Si = 45-1 
[(C 6 H 1:1 ;Si0) 2 0 requires Si, 20*7%. Si0 2 requires Si, 46*6%]. 

The slow evaporation over sulphuric acid of a solution of the acid 
in alcohol containing the theoretical quantity of sodium ethoxide 
gave crystals, some cubic, some having a hexagonal outline, which 
quickly deliquesced and decomposed on being exposed to the air, 
changing into small globules of a glue-like substance. 

Biejclohexylsilicon Bichloride and Anhydrodieycloheocylsilic&ne- 
diol. — The quantity of dichloride in he two crude fractions 140— 
155° and 155 — 180° (p. 1024) was so small that the compound could 
not be isolated ; a fraction collected from 140 — 145° after several 
distillations gave Cl » 23*9 [(C 6 H n ) 2 SiCl 2 requires Cl, 26*7%]. When 
a portion was heated (760 mm.), a little dichloride and dicg/dbhexyl 
dis ti ll e d but as heating was continued most of the oil was con- 
verted into a glue-like mass, which finally changed to a bulky 
solid. 

DicycZohexylsilicanediol was obtained by hydrolysing the crude 
dichloride and then separating the dicyclohexyl by distillation in 
steam. It was more conveniently prepared by hydrolysing the oil 
which remains when distillation is stopped as soon as trichloride 
ceases to pass oyer. The pasty product, freed from dic^/cfohexyl, 
is a pale yellow, dough-like mass most of which dissolves in ether, 
leaving a pale yellow solid quite insoluble in that solvent. The 
latter gives hydrogen with caustic soda and is described later* 
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The ethereal solution is agitated with dilute caustic soda solution 
until hydrogen evolution ceases, washed with water, and evaporated ; 
the pale glue-like residue when left in the air changes into a brittle 
resin, which softens at about 200°, gradually liquefies at higher 
temperatures, and then chars. When glacial acetic acid or alcohol 
is added to a cold ethereal solution of the glue-like substance, a 
white, apparently amorphous, granular solid is precipitated under 
certain conditions; this product melts indefinitely at 145 — 150° 
and, when left during about \ hour in the acid solution, becomes a 
glue-like mass ; when kept during a day or two, it changes into the 
resinous form, which decomposes at 200 — 250°. 

The precipitated powder was dried in the air and at 100° until 
constant in weight; four different samples gave Si =13*3; 13*0; 
13*2; 13*4 [Calc, for {(C 6 H n ) 2 SiO}„ : Si, 13-3%]. Cryoscopic 
determinations gave (a) in benzene, M, 1438 and 1481 ; (b) in 
camphor, M , 1450 and 1460. 

These results show that the simple diol is unstable ; the physically 
different preparations mentioned above are doubtless mixtures of 
condensation products like those obtained from other diols and the 
fact that the average molecular weight is as high as 1455 points to 
the presence of very complex compounds corresponding with some 
of those obtained from diphenylsilicanediol (Kipping and Murray, 
J., 1928, 1427). 

Derivatives of Silicoethane . — The very viscous, dark green residue 
which is obtained when the distillation of the crude product is dis- 
continued at about 180° is treated with dry ether, which precipitates 
a small quantity of yellowish solid. The filtered solution gives on 
evaporation a very thick oil, which when heated under reduced or 
atmospheric pressure is converted into a yellow solid with evolution 
of hydrogen chloride, giving a distillate consisting of cycfohexene, 
dicj/cfohexyl, and a small proportion of some compound which 
evolves hydrogen with aqueous alkalis ; the crude oil was analysed 
(Found : Cl, 21*4%; 1 g. gave 52 c.c. of hydrogen. Two other 
preparations gave hydrogen values of 51*2 and 52*7 respectively). 
These results are considered later (p. 1028). 

The oil hydrolysed with cold water gives a creamy mass which 
hardens to a crisp solid. A very variable quantity, sometimes as 
much as 40%, of this product is soluble in ether and. the proportion 
seems to depend on the stage at which distillation has been stopped. 
The insoluble portion is a granular infusible powder insoluble in all 
the solvents which were tried. Three different preparations were 
dried at 100° and analysed (Found : Si, 19*0, 18-8, and 17*3% 
respectively). They all evolved hydrogen with caustic alkalis and 
gave respectively the following values : 70, 69, and 67*4 [Calc, for 
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: Si 22% ; hydrogen value 80. Calc, for 
C 6 H n -SiO 7 " 


(C 6 H n ) 2 Si-OH* 


Si, 16*9% ; hydrogen value 66]. 

These results agree with the view that the ether-soluble residue 
from the distillation contains a mixture of di- and tri-c^/cZohexyl 
derivatives of silicon hexachloride and that this insoluble substance 
is a mixture of the condensation products formed when they are 
hydrolysed. The proportions of the two chlorides would no doubt 
depend on the temperature at which distillation had ceased and the 
composition of the mixed products of hydrolysis would vary 
accordingly. 

That this insoluble product contains linked silicon atoms is proved 
by its behaviour towards alkalis ; that it contains both R 2 Si< and 
RS3“ groups is proved by the fact that after fission has occurred 
the alkaline solution contains in suspension a glue-like substance, 
soluble in ether, which has all the (rather indefinite) properties of 
the oxide (C 6 H n ) 2 SiO. The alkaline solution treated with acids 
gives a precipitate of “ c?/cZohexylsilieonic acid.” 

The product of hydrolysis which is soluble in ether was obtained 
as a glue-like mass by the evaporation of the solution. It dissolved 
freely in ether but was less readily soluble in acetone, from which 
it separated again in a glue-like form. As it might have contained 
a small proportion of the oxide, (C 6 H u ) 2 SiO, it was fractionally 
extracted with cold acetone, in which the latter is readily soluble, 
and then dried over sulphuric acid until constant in weight (sample 
I) ; the last acetone extract was evaporated and the residue dried in 
like manner (sample IX) [Found: (I) Si, 13*2%; hydrogen value, 
53. (II) Si, 12*4% ; hydrogen value, 50. Calc, for (C 6 H 11 ) 4 Si 2 (OH) 2 : 
Si, 13*3%; hydrogen value, 53*5]. That the compound contains 
the group SiR 2 was proved by the fact that, when it was treated with 
aqueous alkali until hydrogen ceased to be evolved, it did not dis- 
solve but gave a product which behaved in all respects like the oxide 
and contained 12*1% of silicon (Calc, for SiR a O : Si, 12*3%). 

The less soluble portion (I) of this tetracydohexyl derivative was 
dissolved in ether, and a little alcohol added to the solution. There 
was an i mm ediate precipitate of a colourless infusible solid, which, 
dried over sulphuric acid until constant in weight, gave a hydrogen 
value of 56*5 and M (cryoscopic) in benzene 2980 and in camphor 
2900. This product was still soluble in ether, acetone and other 
solvents, but it could not be obtained in crystals. These results 
indicate that 7 mols. of the dihydroxide have undergone condens- 
ation with the loss of 6 or 7 mols. of water to form 
H0-Si 2 R 4 -0[Si 2 R 4 *0] 5 *Si 2 R 4 -0H 
or the closed-chain compound [Si 2 R 4 0] 7 . 
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The analytical data given above for the original oily residue 
(p. 1026) and the results of the investigation of its products of 
hydrolysis accord with the view that the oil consists principally of 
the two compounds SiR 2 Cl'SiR 2 d and SiR^Cl-SiRC]^ with a very 
variable proportion of SiRC^'SIRCL,. 

The insoluble residue . The yellow porous infusible solid which 
remains when the distillation of the crude original product is con- 
tinued until liquid ceases to pass over, is not present in the original 
oil; during its formation, hydrogen chloride, c^cfohexene and di- 
cydohexyl are produced. As it was insoluble in all organic solvents 
which were tried, it was directly analysed, 6 different preparations 
being used. The percentage of silicon ranged from 22*9 to 25*5 and 
the hydrogen values from 45 — 52-5; a chlorine determination, in 
one sample only, gave Cl = 9*0%. It is noteworthy that the 
hydrogen values are no greater than that of the oil from which 
it has been formed, in spite of the loss of halogen and hydrocarbon 
radicals. 

When left in contact with aqueous alcohol during many hours 
and then washed, crushed and dried, the solid gave a cream-coloured 
powder, insoluble in all the common solvents. Several preparations 
were analysed, but, as was to be expected in view of the small 
proportion of halogen which was displaced by hydroxyl, the silicon 
percentages and the hydrogen values were practically the same as 
those of the non-hydrolysed solid. The only other evidence as to 
the nature of this product was obtained by warming the solid with 
acetone and sodium hydroxide until hydrogen ceased to be evolved ; 
with the exception of a small and variable proportion of glue-like 
matter, the solid was thus converted into products soluble in aqueous 
alkali, and these were fractionally precipitated by passing carbon 
dioxide into the solution. The three precipitates thus obtained, 
when dried, contained 29*5, 22*3 and 19*8% of silicon respectively ; 
since C 6 H 13 /Si(>OH requires Si, 19*4% and the sodium hydroxide 
solution was not sufficiently strong to decompose the siliconic acid, it 
must be concluded that some of the silicon atoms in the solid are 
not combined with cyclohexyl groups. 

University College, Kottingha^t. [ Received , March 8th, 1930.] 
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CXXVIIL — Organic Derivatives of Silicon. Part 
XLIII. The Formation of Tri~ and Tetra-phenyl- 
silicane by the Action of Sodium on Triphenyl - 
silicyl Chloride . 

By Frederic Stanley Kipping and John Francis Short. 

The action of sodium on pkenylsilicon trichloride in boiling xylene 
solution in an atmosphere of nitrogen results in the production of 
a very complex mixture, the soluble components of which contain 
from 6 to 50 atoms of silicon in their molecules ; some of these com- 
ponents, submitted to fission with alkalis, give diphenylsilicanediol 
and therefore contain >SiPh 2 groups (Kipping, Murray, and 
Maltby, J., 1929, 1180). In the absence of a solvent in the presence 
of dry air the trichloride is almost entirely converted at about 180° 
into a product which is insoluble in all ordinary solvents ; but in the 
absence of air the reaction seemed to proceed differently (loc. cit. 3 
footnote, p. 1184). 

In the course of further experiments in which the trichloride was 
heated with the metal in a stream of pure nitrogen, tri- and tetra- 
phenylsilicane were obtained. 

The formation of the last-named compound is probably due to 
the prior production of sodium phenyl, which then reacts with the 
unchanged trichloride ; the same suggestion was made to account 
for the presence of >SiPh 2 groups in some of the compounds obtained 
in xylene solution (loc. cit p. 1183), The related observations on 
the formation of tri- and tetra-benzyl derivatives from dibenzyl- 
silicon dichloride and sodium (Steele and Kipping, J., 1928, 1431) 
seem to show that aryl groups generally, directly combined with 
silicon, may give sodium aryl compounds ; the alternative view that 
aryl chloride separates and then reacts with the unchanged silicon 
halide in the presence of sodium seems to be less probable; but, 
however produced, the unexpected formation of tetraphenylsilicane 
in this and other reactions (Kipping and Murray, J., 1929, 360) 
affords an interesting contrast to the non-formation of tetraphenyl- 
methane under conditions which might be expected to give it. 

The production of triphenylsilicane from the trichloride is difficult 
to explain. It was at first thought that the hydrogen in this 
compound might be derived from sodium hydride, which is present 
in the metal in very small proportion ; but when the trichloride is 
heated at its boiling point with sodium hydride in the absence of air 
during many hours there is no sign of any reaction. As it also seems 
impossible that the hydrogen can be derived from any phenyl-* 
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ethoxysilicon dichloride present in the purified trichloride (J., 1929, 
1184), it is necessary to assume that it is formed from phenyl 
groups by changes such as 2 >SiPh 2 — > > SiPh*C 6 H 4 *SiPh 2 - + H. 
This assumption was made in order to account for the production 
of triphenylsilicane from octaphenylcycfosilicotetrane (Kipping and 
Murray, loc. cit.) and considering the high temperature at which that 
change occurred it seemed to be a reasonable one ; there was also 
some collateral evidence of the presence of phenylene groups in some 
of the products. In the experiments with the trichloride the tem- 
perature hardly exceeds 200°, unless locally, and such an explanation 
of the origin of the hydrogen is less probable, but there seems to be 
no alternative. 

The yields of the tri- and tetra-phenyl derivatives cannot be given 
exactly ; they both seem, however, to be less than 3% of the weight 
of the chloride. 

Experimental. 

To freshly distilled phenylsilicon trichloride (10 — 15 g.) contained 
in a 400 c.c. flask, large clean blocks of sodium (4 — 4J atoms) are 
added and a stream of oxygen-free nitrogen, dried finally with 
phosphoric oxide and sodium wire, is passed through the apparatus, 
which is provided with an upright quill-tube air-condenser about 
30" long. The escaping gas is led through two wash-bottles con- 
taining benzene (or xylene) and after passing a mercury seal is bubbled 
through water. When all the air has been expelled, the flask is 
heated in an oil-bath and the nitrogen stream is reduced to about 1 
bubble per second. Just below the boiling point of the trichloride 
the bright metal becomes coated with a brown crust and appears to 
increase considerably in volume. Gentle agitation releases the 
molten metal, which then becomes encrusted as before, and in the 
course of an horn or so a film of oil is usually visible in the condenser ; 
the heating at about 190° is continued until the contents of the flask 
have become almost solid (about 10 — 20 hours). In some experi- 
ments, in which the temperature was finally raised to about 230°, 
crystals of tetraphenylsilicane were deposited on the upper portions 
of the flask and drops of oil, collected from the lower end of the air- 
condenser, were found to consist almost entirely of triphenylsilicane. 
If the flask is very vigorously shaken when the reaction has well 
started and the temperature has risen to about 160°, a great develop- 
ment of heat occurs and the contents of the flask are rapidly trans- 
formed into a granular brown solid. 

In an experiment in which sublimed sodium hydride was used 
instead of sodium there was no sign of any reaction and the surface 
of the hydride was not coated with any crust even when the contents 
of the flask had been gently boiled during some 8- — 10 hours. 



ORGANIC DERIVATIVES OF SILICON. PART XLHI. 1031 

The oily film which, when sodium was used, coated the whole 
length of the condenser, and in which six-sided prisms were sometimes 
detected, was readily soluble in cold acetone, most of the crystalline 
matter being undissolved ; this solution was practically free from 
chlorine and on evaporation yielded about 0*2 g. of a colourless viscous 
residue which did not crystallise at 0°. This product had the pro- 
perties of triphenylsilicane (J., 1929, 364) ; when treated with 
aqueous alkali and a little acetone, it was rapidly attacked at the 
ordinary temperature with the evolution of hydrogen and formation 
of triphenylsilicol. The latter was fully identified by converting 
it into triphenylsilicyl oxide and crystallising the* product from 
benzene ; the highly characteristic rhomboidal crystals, m. p. 222°, 
of the oxide, which became opaque at 100°, were obtained. Small 
additional quantities of crude triphenylsilicane may be extracted 
from the main product with light petroleum (b. p. 30 — 40°). 

The crystals sparingly soluble in acetone from the air-condenser 
and those forming a sublimate in the reaction flask were recrystallised 
from boiling acetone ; the product, usually less than 0*1 g., was thus 
obtained in highly lustrous needles which were proved to be those 
of tetraphenylsilicane by direct comparison and by mixed melting- 
point determinations. 

The products which were collected in the benzene wash-bottle 
are still under investigation; it seems that they contain either 
silicochloroform or silicon dichloride ; and the water with which 
the escaping nitrogen was finally washed contains hydrochloric acid. 

The main product of the reaction has not been thoroughly inves- 
tigated, as it is no doubt a very complex mixture similar to that 
formed from the trichloride in boiling xylene solution ; further, it is 
very difficult to decompose completely all the silicon halide and after 
15 — 20 hours 5 heating the mixture still contains halogen compounds 
soluble in benzene which would make its investigation even more 
troublesome than that of the halogen-free products previously 
described. In order, however, to try to ascertain the approximate 
yield of the tetraphenyl derivative the products soluble in cold 
benzene were fractionally crystallised from that splvent and then 
from acetone ; most of the fractions thus obtained were glue-like 
in consistency, but some of the more soluble portions seemed to be 
partly crystalline and from these after many operations there was 
isolated about 0*2 g. of crystalline matter. This product melted 
at 229 — 230° and gave with pure silicon tetraphenyl a mixture which 
melted from 230 — 232°, but it separated from solvents, including 
acetone, in microscopic nodules, whereas tetraphenylsilicane always 
•crystallises from that solvent in highly lustrous needles; when 
warmed with acetone and aqueous alkali, it gave a little hydrogen 
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and therefore contained some linked silicon atoms, but after this 
impurity had been eliminated almost the whole of the substance was 
recovered apparently unchanged in crystalline form and in melting 
point. Since it had been found that tetraphenylsilicane sublimed 
readily, this nodular material was heated at about 220°; pure 
tetraphenylsilieane sublimed in lustrous needles, leaving only a very 
small proportion of gelatinous matter. Several of the more soluble 
fractions of the main products were treated with acetone and 
aqueous alkali until the hydrogen evolution ceased and after 
evaporation of the acetone the insoluble matter was again fraction- 
ated, but only very small quantities of tetraphenylsilicane were thus 
obtained. It seems, therefore, that the total yield of this compound 
is not very much greater than that of the triphenyl derivative. 

University College, Nottingham. [Received, March 8 th, 1930,] 


CXXIX. — The Mechanism of, and Constitutional 

Factors controlling, the Hydrolysis of Carboxylic 
Esters . Part I. The Constitutional Significance 
of Hydrolytic Stability Maxima. 

By Christopher Kelk Ingold. 

Although the mass of data, accumulated by Victor Meyer, Kellas, 
Sudborough, Reid, and others, relating to the rates of hydrolysis of 
carboxylic esters and amides, forms one of the main pillars of the 
theory of steric inhibition, an examination of the results reveals 
the existence of a large number of anomalies of which no explanation 
has yet been given. The point may be exemplified by reference to 
the acid hydrolysis of two simple series, one of ethyl esters (Lowen- 
herz, Z. physikal. CJiem., 1894, 15, 388), and the other of acetates 
(Palomaa, Ann . Acad. Sci . Fennicce , 1913, A, 4, 2; 5, 4; Skrabal 
and Hiigetz, Monatsh 1926, 47, 17 ; and others), for which the 
data * fail to show the continuous gradations which might have 
been expected. 

fcxl0*(40°). k X 10 s (26°). 

Ethyl acetate 26*2 min." 1 Methyl acetate ......... 6*8 min.- 1 

„ chloroacetate ... 16*2 „ Ethyl acetate 6*6 „ 

,, dichloroacetate 24*4 „ isoPropyl acetate 3*6 „ 

tert. -Butyl acetate ...... 7*6 „ 

On the other hand, it has recently been proved that the hydrolysis 
of carboxylic esters is just as susceptible to polar influence as are 

* It will be the uniform practice in these papers to employ minutes as time 
units and to use log a , not log 10 , in integration formulae for velocity coefficients. 
Data from the literature are corrected, where necessary, to conform with these 
oonventionSi 
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most other reactions. Probably the clearest demonstration of this 
is to be found in the circumstance that KindlerV results (Annalen, 
1926, 450 , 1) for the speed of hydrolysis of benzoic esters containing 
various substituents in the m- and ^-positions are in excellent 
agreement with the purely electropolar scheme which has been 
evolved (Ingold, Ann. Reports, 1927, 24 , 155; 1928, 25 , 146; 
Ingold and Rothstein, J., 1928, 1217 ; compare Williams, this vol., 
p. 37) for the interpretation of the influence of m- and ^-nuclear 
substitution on aromatic side-chain reactions generally. In such a 
group of examples, complication is at a minimum : the electronic 
conductivity of the benzene ring guarantees the facile transmission 
of polar influences, whilst its configuration and spatial rigidity 
render steric inhibition practically inoperative. The clear implica- 
tion, however, is that in the general case of ester hydrolysis, in which 
spatial effects are obviously of importance, internal polar factors will 
also play a part, and that this may explain the anomalies illustrated. 

The theoretical object contemplated in this series of communic- 
ations is the development of methods for the separation of the two 
factors presumed to be present in general on the basis of the argu- 
ments indicted. An analogy for the procedure adopted is provided 
by a contemporaneous investigation (Gane and Ingold, J., 1929, 
1691 ; and earlier) in which a similar problem is envisaged j viz., the 
separation of the spatial and internal polar factors which together 
control the strengths of polybasic acids. Here the analysis was greatly 
facilitated by the consideration, in the first instance, not of the dis- 
sociation constants themselves, but of a function of them, presumed, 
on the basis of an approximate theory, to be related mainly to one 
of the operating factors. 

The development of an analogous procedure for the hydrolysis 
of esters necessitates some consideration of the theory of the 
dynamics of homogeneous catalysis as it has been elaborated by 
Bronsted and Dawson especially. It may be stated that our in- 
vestigation is based on — indeed, was rendered possible by — Dawson’s 
elegant methods for the analysis of superimposed catalytic effects ; 
and, further, that due consideration has of necessity been given to- 
certain highly important points raised by BrOnsted in the course of 
his work. 

The Arrhenius-Ostwald theory of catalysis by hydrogen and 
hydroxyl ions (symbolised, v = .+• v ou ) has more recently been 

extended, in several well-defined stages, to include catalysis by a 
large variety of molecules and ions. The “ dual ” theory of 
catalysis (v *=? v R + v on + v m ) envisaged catalysis by the undis- 
sociated molecules of acids (Acree and Johnson, Amer. Chem. J. r 
1907, 37, 410 ; 38, 258; Senter, J., 1907, 91, 460; Lapworth, 19I0 r 

NN ' 
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97, 19 ; Goldschmidt and Thnesen, Z. physikal. Chem., 1910 , 70, 
627 ; 1912 , 81, 30 ; Z . EUJdrochem ., 1911 , 17, 684 ; Bredig, Miller, 
and Braune, ibid., 1912 , 18, 535 ; Snethlage, ibid,, p. 539 ; Taylor, 
ibid., 1914 , 20, 201 ; Dawson, Powis, and Reiman, J., 1913 , 103, 
2135 ; 1915 , 107, 1426 ), and the most important step in its super- 
session by a still more general theory (v — v E + ^oh + v m + v a ) 
consisted in the recognition of catalysis by the anions of acids 
(Bronsted, Pedersen, and Duns, Z. physikal. Chem., 1924 , 108, 185 ; 
1925 , 117, 299 ; Dawson and Garter, J., 1926 , 2282 ). Many claims 
have been made for the recognition of a small but distinct catalytic 
effect of the water molecule on reactions in aqueous solution, but 
few are substantial (v = v K + v 0E + v m + v a + v Sz0 ) ; the established 
cases include the mutarotation of glucose (Hudson, J. Amer. Chem . 
Soc., 1907 , 29, 1571 ; Bronsted and Guggenheim, ibid., 1927 , 49, 
2554 ) and the iodination of acetone (Dawsonand Key, J., 1928 , 543 ). 

Bronsted and Guggenheim discussed their results on the muta- 
rotation of glucose in relation to the conception in accordance 
with which acids and bases are defined by the equation 

Base -f- Acid 

{e.g., [Co(NH 3 ) 5 OH]-*,NH 3j OH'} {e.g., NH/^-CO^^CO^COaH]'}, 

independently of their state of electrification. (In this scheme 
OH 1 appears as a special instance of a base, and the hydrion, H 3 0*, 
as a special case of an acid ; water is remarkable as belonging to 
both categories.) They showed that the catalytic efficiencies of a 
series of bases (including OH') increased with the strength of the base, 
and that the logarithmic plot of the catalytic coefficients against the 
equilibrium constants of the reaction formulated above approxim- 
ated to a straight line having a certain slope. Similarly, the 
catalytic effects of a series of acids (including H 3 0*) increased 
with the strength of the acid, and an analogous plot of the data 
yielded another straight line of different slope. Evidently there 
are two catalytic mechanisms corresponding to the two lines : in 
acid catalysis the reactant receives from the catalyst a positive 
charge, and in basic catalysis it confers on the catalyst a positive 
charge. These conditions are fulfilled by both Lowry’s (J., 1925 , 
127, 1371 ) and Baker’s (J., 1928 , 1583 ) theories of catalytic effects 
on mutarotation in the sugar series, but the general conclusion 
must hold independently of the accuracy of the assumed mechanistic 
details; and it is clear, moreover, that the actual mechanism of 
catalysis by hydrions is also that of catalysis by acids, and that 
the mechanism of catalysis by hydroxyl ions applies equally to 
catalysis by bases, in the generalised interpretation of the terms 
acid and base. Ag^dn, since the coefficients representing the catalytic* 
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activities of ten acids and five bases on the iodination of acetone 
(Dawson and others, J., 1926, 2282; 1928, 543, 2844; 1929, 1884, 
2530) yield a closely sim i lar bilinear plot, it can be claimed that 
there is experimental evidence for extending the same two mechan- 
isms, with their distinctive electropolar characteristics, to proto- 
tropic change generally, for it is usually accepted that the proto- 
tropy of acetone is here involved. Furthermore, Dawson and 
Lowson’s results (J., 1927, 2107; 1928, 2152; 1929, 393, 1229) for 
the effect of three acids and two bases on the hydrolysis of ethyl 
acetate adumbrate yet another diagram of the same type, so that 
the principle of a dualistie mechanism of polar catalysis in relation 
to the generalised conception of acids and bases may evidently be 
extended to the hydrolysis of carboxylic esters. It should be stated 
that Lowry (he. cit .), on theoretical grounds, suggested a close 
relation between the catalysis of sugar mutarotation and that of ester 
hydrolysis. Probably a still wider generalisation would be justifiable. 

The explicit discussion will now be confined to catalysis by 
hydrogen and hydroxyl ions in ester hydrolysis, the implication 
being that the statements made are applicable to acid and basic 
catalysis generally, except in so far as quantitative modification is 
necessitated by the specific nature of an acid or base. 

Consider the nth ester of an isotypic series. (We cannot yet 
define the word <c isotypic,” which is inserted to retain the right to 
exclude certain cases : the theory here advanced is an approximate 
one, and whilst the comparison to be instituted might embrace all 
carboxylic esters, except, perhaps, a few special classes such as 
lactones or 1 i 1-alkylidene di-esters, it might, on the other hand, 
prove to be much more restricted.) First, the formula of the 
series may be taken as R'COOR' in which R is variable and R' 
constant. Let Jc K and h 0 H be the catalytic coefficients expressing 
the rates of hydrolysis of the typical member at a given temper- 
ature by hydrogen and hydroxyl ions respectively. Now, it is 
possible to suppose that the polar effect of the variable group R 
on the constant residue *COOR' is capable of being quantitatively 


imitated by a group G of such a form that, when R is varied, the 
variations of G necessary to preserve the imitation do not alter the 
steric value of G in relation to the residue •COOR/. (For example, 


G might be of such a form as A<^~~~^) — , A<^ , 


", where A is variable, and B constant.) Let 


and be the corresponding catalytic coefficients for the 
hydrolysis of G-GOOR'. These coefficients, k^ and k p 0K , may now 
be regarded as the polar constituents of those, k K and of th# 
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series R # C0 2 R' ; they are the values which k K and & 0H would assume 
in the presence of a constant steric effect arbitrarily fixed by the 
choice of the form of G. For the nth ester considered, let k K —k^/S, 
where S is a factor introduced to express the effect of steric inhibition 
in the hydrolytic reaction involving hydrogen ions; S will clearly 
depend on n, that is, on the nature of R. The value of k 0 H will not, 
of course, be because the mechanism of the reaction with 

hydroxyl ions is different; a different connecting factor will, in 
general, be required, and may be expressed by OS in the relation 
k 0K = Jc^/CS. Now the basic assumption here made is that, 
because the difference between hydrogen- and hydroxyl-ion catalysis 
repeats itself throughout -the series of esters of which the hydrolysis 
is being considered, 0 will be independent of n to a first approxim- 
ation ; in other words, that S , having been defined for each ester by 
reference to hydrion catalysis, takes sufficient account, for another 
kind of catalysis, of the varying nature of the esters, leaving the 
constant C to take charge, as it were, of the (constant) nature 
of the second catalyst. It is not expected that C will be exactly 
constant ; but the larger C is— that is, the more diverse the 
mechanisms with regard to their susceptibility to steric effects — * 
the more nearly true should be the suggested relation. The con- 
stancy of C being assumed, it follows that C(k 0R /k R ) = k 0R /k } R , 
that is, that is a function of polarity only. Similarly, if 

R is kept constant and R' is made to vary, C'(k 0R /k R ) = 

Finally, both G and C' are arbitrary constants, since they depend 
on the forms chosen for G- and G' ; therefore, the general relationship 
for all the isotypic esters, R*C0 2 R', with variable R and R', is that 
ko n /k K is directly proportional to its polar constituent. f 

This view, namely, that k 0K /k K is, probably within wide limits, 
a function of polarity only, and is untrammelled by the complic- 
ations due to steric hindrance which affect k 0K and k K separately, 
may be tested by reference to experimental data ; and it is con- 
venient to use two types of data for this purpose. 

The first uses the theory of the v-p R isotherm. That the velocity 
of an aqueous reaction catalysed by hydrogen and hydroxyl ions 
must pass through a minimum (at p R = p R *) is obvious a priori, 
but was first observed by Wijs for the hydrolysis of methyl acetate 

f It will be observed that this conclusion is reached without specific 
assumptions relating to mechanism. It is necessary only that the mechanisms 
obtaining should admit the validity of the basic hypothesis, namely, that the 
relative steric effects on velocity- are expressible as the product of two co- 
efficients singly dependent, respectively, on the ester and the catalyst. This 
granted, it follows that the conclusion drawn should apply; to a pair of acid 
or of basic catalysts, e.g., to &weak acid/% or to A>eak base/froH> ns well as to a 
pair composed of one catalyst of each kind. 
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(Z. physikal . Chem., 1893, 11, 492; 12, 514); and the symmetry 
of the v-p K curve, which is important for the location of the 
stability maximum, i.e., of p H *> seems to have been first shown by 
Euler and Hedelius (. Biochem . Z., 1920, 107, 150; compare Euler 
and Svanberg, Z. physikal. Chem., 1921, 115, 139, and Euler and 
Laurin, Arkiv Kemi, Min. Geol ., 1920, 7, No. 30, 1) for the muta- 
rotation of glucose. Dawson, partly with Dean and Hoskins (J., 
1926, 2872, 3166; 1927, 213, 1148, 1290), has directed attention to 
the consequences of applying the (concentration) mass law, amongst 
which are (a) that the v-p u isotherm should be symmetrical because 
it should be a catenary, (b) that -2p a *~ log K w = log (k 0E /k E ), where 
K w is the ionic product of water, and (c) that, when the p E variation 
is produced by a series of buffers of which either the acidic or the 
saline component is kept constant in concentration, catalysis by the 
buffer constituents causes some displacement of p B *, but preserves 
the catenary form of the curve. We are not here concerned with 
the point (Bronsted and Guggenheim, loc. cit.) that relations cannot 
be absolute which neglect effects due to ionic environment in buffers, 
because, in applying (6) to calculate k 0E /k R from observed values 
of p R *, the fact has to be faced that the available data for p H * neglect 
the correction for buffer constituents altogether (this defect in method 
is remedied in Part II). However, despite the approximate 
character of the data (Karlsson, Z. anorg. Chem., 1921, 119, 69; 
1925, 145, 1 ; Bolin, ibid., 1925, 142, 201 ; 1928, 177, 227 ; compare 
Dawson, J., 1927, 1148), the examples to which they apply are so 
diverse that the general character of the suggested relation between 
&oh/&h and polarity can be observed over a greater range of struc- 
tural variation than it is at present possible to traverse in any other 
way. From the first series in Table I, it will be seen that k 0E /k E 
increases regularly, as it should, with the efficacy of the electron- 
sink ; it is also noteworthy that the polar group may act from either 
of the residues attached to -COO-. Ester No. 2 was glycerol 
monoacetate, but is formulated, for convenience in tabulation, as 
though it were glycol monoacetate, for the polar effect of the terminal 
*CH 2 *OH group is expected to be negligible. Ester No. 5 was 
actually ethyl aminoacetate ; but the velocity minimum occurs at 
p E 3*5, i.e., in acid solution, so that the entity to which k 0R /k R refers 
is the ammonium kation, and this agrees with the very high value 
of k 0E /k E . The value of k 0E /k R for methyl formate, regarded as 
the parent of the second series in Table I, is not known ; but it is 
known qualitatively to be considerably greater than for ethyl 
formate. In this series, the value of k 0E jk E diminishes, as it should, 
with the efficacy of the electron- source, which, as before, may act 
from either of the groups attached to -COO-. 
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Table I. 


No. 

X. 

Y. 

Ph *• 

Temp. 

K„ . 10 11 . 

(kon/ha) 

x io- s . 


First Series : X*CH 2 *C0*0*CH 2 

>CH a *Y,- 

—Effect of electron-sink . 

1 

-H- 

H- 

5*36 

25° 

1*0 

2. 

2 

H- 

HO^- 

5*0 

25 

1*0 

10 

3 

Cl-4- 

H- 

4*8 

20 

o*s 

32 

4 

MeCO <- 

H— 

4-4 

25 

1*0 

160 

5 

®nh 3 ^- 

H- 

3*5 

20 

0*8 

12,000 


Second Series: X*COQ*CH 2 

•Y, — Effect of electron-source . 

1 

H— 

H- 

— - 

. — 

— 

Large 

2 

H- 

CH 3 ->- 

4*65 

20 

0*8 

63 

3 

ch 3 -> 

H- 

5*15 

25 

1*0 

■ 5 

4 

ch 3 -> 

ch 3 -> 

5*36 

25 

1*0 

1*9 

5 

ch 3 -> 

CH 3 ->CH 2 ->-CB[ 2 ->‘ 

5*65 

25 

1*0 

0*5 


In the above examples there is a certain variety in the types of 
polar, substituents, and, accordingly, a very great diversity in the 



0 12 3 


Number of methyl groups . 

Bates of hydrolysis of methylacetic esters as function of structure . 

Values of &oh/&h ; and one of the advantages of this method of 
estimating h ou /k s is that the ease with which the ratio is determined 
is independent of its order of magnitude, at least between 10 2 and 
10 7 ; When the order of magnitude of the ratio becomes greater 
than 10 s j difficulties enter the independent direct determination 
of &oh and fc H at the same temperature, f and, therefore, the range 

t The pauuaerous alleged determinations of A*os in buffers, but without 
correction, or data permitting the application of a correction, for the buffer 
constituents, are, of course, valueless, except as indications of order of 
magnitude. ■. - c J : .• -V" 
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of polar substituents which, can be examined by reference to data of 
this kind is more restricted; on the other hand, the values of 
&oh/&h thus obtained should be more accurate than those derived 
from stability maxima in the absence of a correction for the buffer, 
and should therefore suffice to distinguish the effects of finer polar 
differences. In illustration, reference may again be made to the 
apparently anomalous series of simple alkyl acetates tabulated at 
the outset. The calculated values of k 0 R fk R are as shown in Table 
II, and it will be seen that in these values there is no perceptible 
anomaly ; if plotted against the number of p -methyl groups, ^oh/^h 
and p H * both give smooth uninflected curves of small curvature (see 

fig.). 

Table II. 


Acetate (25°). 

(*oh/&h) X 10-*. 

Ph* 

Source of &oh and h R . 

ch 3 

16-1 

5*39 

Means from literature. 

ch 3 ->ch 2 

9*9 

5*50 

99 99 if 

(CH 3 ) 2 =£CH 

4-7 

5*66 

Means from 6, c (&oh) and a, c 
(&h)- 

(CH 3 ) 3 ^C 

1-5 

5*91 

Means from b, c (&oh) and c, d 
(&h). 

References : 

(a) Palomaa, loc. cit ; 

(6) Olsson, Z. physihal. Chem ., 1925, 118, 


107 ; (c) Skrabal and Hiigetz, loc. cit . ; (d) Olsson, Z. pkijsikal. Chem ., 1927, 
125, 243 ; 1928, 133, 233. 

Having explained the a priori considerations on which this series 
of investigations will be based, and illustrated their reasonableness 
by reference to existing data, the object of this introductory com- 
munication is accomplished. Any estimate of the extent to which 
the method outlined can be pressed in the analytical separation of 
the two main constitutional influences which affect the stability of 
esters towards hydrolysis must await a wider range of data such as 
will be provided in ensuing papers. 

The University, Leeds. [Received, March 5th, 1930.] 


CXXX . — The Mechanism of, and Constitutional Factors 
controlling, the Hydrolysis of Carboxylic Esters. 
Part II. Hydrolytic Stability Maxima of some 
Glyceric Esters. 

By Constance Many Geoooock, Christopher Kelk Ingold, 
and Aether. Jackson. . 

In selecting a method for the determination of catalytic data of 
the type of which the significance is discussed in Part I, our object 
was to combine wide applicability with some approach, to accuracy. 
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The first consideration suggested the location of hydrolytic 
stability maxima, since, as has already been shown, this is the only 
method which remains practicable when strongly electron-attracting 
substituents adjoin the ester residue. 

The second desideratum required that such a process be used 
only in conjunction with an adequate method for eliminating catalytic 
influences associated with the buffers used to define the p R . These 
influences consist of (a) the superimposed catalysis of the buffer 
acid and buffer base, and (6) the effect of the buffer-ion environment 
on the activity of all the catalytic entities. A method for their 
elimination has been devised and is described later. 

A third preliminary consideration was necessitated by the sparing 
solubility of the majority of esters, R*C0 2 B', in water. The objec- 
tions to the use of a mixed solvent, such as aqueous alcohol, for our 
purpose are obvious and are of a type not easy to surmount ; it was 
therefore decided to avoid the difficulty by varying the radicals R, 
and B/ separately and using a poly-hydroxylated group for the 
radical which is kept constant throughout any given series. In this 
paper, for example, we record the results obtained with a series of 
glyceric esters CH 2 (OH)*CH(OH)*CO*OR (R variable). 

Previous investigators who have undertaken experiments with 
the object of locating the hydrolytic stability maxima of esters in 
buffer solutions appear always to have aimed at using a sufficient 
buffer concentration to stabilise the p s against disturbance from 
the acid liberated from the hydrolyte in the course of the experiment. 
This method involves two difficulties. First, the necessary con- 
centration of buffer materials (which have to be neutralised in the 
course of the analytical work) is often such that the titre which 
measures the progress of hydrolysis is of the order of 1 % of the total 
titre ; and this sets a rather low limit to the accuracy obtainable in 
analysis. Secondly, in the present state of electrolytic theory 
there is no method for extrapolating to zero buffer concentration the 
velocity data obtained with concentrated buffer solutions, which is 
sufficiently trustworthy to obviate the necessity for an empirical 
check by reference to experimental data for low buffer concen- 
trations; and this necessary empirical control is clearly impossible 
in a method in which, at the lowest buffer concentrations which are 
consistent with its principles, the buffer substances are still by far 
the main constituents of the solution. The first of these objections 
could, of course, be minimised by the use of gravi- volumetric methods 
of analysis ; but since there seemed no way of overcoming the 
second, we rejected the method in favour of the following process. 

- An aqueous solution of the glyceric ester (concentration JEJ 0 ) was 
treated with sufficient carbonate-free sodium hydroxide to hydrolyse 
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a small proportion of it. At the temperature used, saponification 
occurred almost instantly with formation of sodium glycerate (con- 
centration c), and in a few moments the solution passed through the 
neutral point and became faintly acid. It is easily seen that, from 
the moment of neutrality onwards, all effects on the dynamics of 
the reaction will be substantially the same as if sodium glycerate 
had been added at that moment to an ester solution of concentration 
E = E 0 — - c. This sodium glycerate constituted the (constant) 
salt constituent of the buffer series, cNaA + xHA. The glyceric 
acid liberated in concentration x during the continuation of hydrolysis 
furnished the (variable) acid constituent of the buffer series, and also 
the measure of the decomposition of the hydrolyte. 

In considering the dynamics of a hydrolysis subject to this kind of 
p a control, it is convenient to treat effects (a) and ( b ) (see p. 1040) 
separately. First, we shall disregard effects due to buffer-ion 
environment. In symbolising the dynamics we shall follow the 
procedure developed by Dawson. 

Application to the fundamental equation 

v = v K V on + V m + V<1 + v w — 

W] + &oh[OH'] + k m [ HA] +k a [A'] + *v[H 2 0] 

of the mass-law relations 

[A'] = c + [ff] and [HA] = c[W][K + [K m ] 2 [K . (1) 

leads to 

= (hu + JJT + *a)[H-] + [HT + (he + £,„[H 2 0]) (2) 

of which 

« = (*H + x)[ H ' ] + JWf + + *JW>]) . (3) 

is an approximate form. The approximation consists in the neglect 
of [H*] in comparison with c, and so long as the former is of the 
order 1(M* 5 and the latter of order 10” 1 this is justifiable. The 
quantities, v = u and [H*] = h , characterising the relation 
dv[d[ H"] = 0 are given by 

u — ^ 0K K w (h R + + + &**[H a O]) . (4) 

and 

k = ^b QK K w j(kx .... (5) 

and, if w is written for that part of v which is independent of [H*], 

the approximate equation (3) for v takes a form equivalent to that 
hn2 
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used by Dawson to express the symmetry of the relation, m fJ 


2 y - w [gn 

u — w \ 


h 

[H*] 


( 6 ) 


In using this form for the purpose of deriving an equation for the 
experimentally determined x-t relation, we should substitute for 
v and [H*], using 

dx/dt = v{E — x) . . ... . (7) 

and 

E(x - [H*]) = [H’](c + [H*]) ... . (8) 

but if the second of these equations is replaced by [TP] = Kx/c , the 
approximation (except at the commencement of the reaction) is of 
the same order as that introduced above, and the differential equation 
takes the comparatively simple form 

|=(E-«){i(.-„)(§ + ^) + «,} . . (9) 

The manner in which the solution of equation (9) should be expressed 
in order that it may be real depends on the relative magnitudes of 
u and 2w. In our experiments u was always greater than 2io, and 
the real form of the solution for this case is 


, [ E 2 E 2 2EEw 

\ h 2 c 2 ' (u — w)hc 


(K*x * 

2 Kwx 

xm^ 

{u — w)hc 


{u — w)Kx 

(u — w)ho — EKw f n he ‘ W 
V u 2 — 2uw i n V u 2 — 2uw 



From numerical data conforming to this equation it is obviously 
possible to construct the curve of equation (3) or its equivalent (6), 
and also the {dx/dt)-x curve (equation 9). 

It is now necessary to consider the effect of varying c. Since, for 
a given value of [IT], equation (2) may be written 

« = A + (^jP + k a y . . . . (11) 

it follows that, in so far as the mass law expresses the situation, v 
is a linear function of c for constant [IF], and dvjdc is a linear function 
of [IT], If, therefore, we use a family of experimentally obtained 
ant curves to plot a corresponding family of curves, and then 

employ them to construct a family of v-c curves, the last should be 
straight lines. Their intercepts on the axis c = 0 should yield the 
data required for the construction of a curve corresponding 

with c = 0, and their slopes should give a (dv/dc)-[H'] curve, of 
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which the slope measures k m /K and the intercept on the axis [If] = 0 
measures Jc a . The mass-law expression for the (v~[H*]) Cmc0 curve is 

Vo = (*K + W] + + jftH'] 2 + ^[H a O] . (12) 

but the practical simplification which results from applying the 
above procedure to our experimental data is greater still, because, 
although only rough estimates of k a and k m are possible, it transpires 
that k a /k R is of the order 1 O' 4 , and that in the neighbourhood of 
the stability maximum k m [K m ]/K is of the same order as k a \ that 
is, there are reasons, justifying the omission of the terms k a £. H # ] 
and k m \]EL*] 2 /K from equations (2) and (12), which are independent 
of the reason that applies in the case of equation (2) when c is great 
in comparison with [IT]; the last reason therefore still holds good 
when c = 0, and the equation for the ^ 0 -[H # ] curve may be 
expressed 

v 0 = *h[H*] + + A tt [H 2 0] . . . (13) 

If w 0 is written for ^[H 2 0], the corresponding data for the stability 
maximum in the absence of buffer substances are 


* u Q = 2,Vk K k 0K K w + w 0 .... (14) 

vracTK as) 

and, in terms of these quantities, the equation for v 0 is 


ty— iv 0 _ [H‘] hp 
Z u 0 - w 0 ~ h 0 + [H“] 


(16) 


The above outline of the method we have adopted in order to 
eliminate from our results effects due to the catalytic activity of 
the constituents of the buffers, leaves untouched the question of 
correcting for disturbances due to the effect of ion-environment on 
catalytic activity* Br Ousted, in particular, has drawn attention 
to the importance of these influences in homogeneous catalysis* 
Now, Dawson and his collaborators have also envisaged this problem, 
and, although we must agree with Brbnsted that recognition of the 
disturbances mentioned is equivalent to an admission that mass- 
law relations are inapplicable, what is of more importance is that 
Dawson has found a simple method of giving a quantitative account 
of the actual catalytic relations ; and his method may be expressed 
in the statement that the form of the mass-law equations holds good 
provided that the coefficients are no longer regarded as constants* 
but are replaced by suitable functions of the ionic strength. Dawson 
and Key, for instance, investigated the effect of neutral salts bn the 
catalysis of the iodination of acetone (J., 1928, 1248), and found 
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that, with one exception, the deviations from constancy which it 
was necessary to ascribe to the catalytic coefficients were barely 
detectable. For the one coefficient (namely, lc K ) for which the 
variation could be measured, it was found to be represented by a 
linear function of the ionic strength over a very much greater 
range of ionic strength than any with which we are concerned. 
It can readily be shown (i) that, if conditions which are similar in 
regard to the orders of magnitude of the quantities involved hold 
also for ester hydrolysis, then the main effect on the relations which 
equation (11) purports to express will be represented by an alteration 
in the slope of the v-c curves (because, of course, A contains & H ) ; 
and (ii) that the variations attributable to k m and k a are unlikely in 
practice to impart any perceptible curvature to these graphs within 
the range of concentration used in our experiments. Again, Dawson 
and Lowson have made a study of salt effects on the hydrolysis of 
ethyl acetate in which they have considered especially the deviations 
with increasing salt concentration which must be ascribed to the 
dissociation constants of weak acids (J., 1929, 1217). They found 
that the variability with which it is necessary to credit these con- 
stants is of the type required by the Debye-Huekel theory of elec- 
trolytes, although there remained a divergence from that theory in the 
matter of the numerical value of one of the constants of the equation 
connecting K with c. The effect of influences of this nature on the 
relations which equation (11) is supposed to represent can be quali- 
tatively deduced, although they are somewhat complicated. There 
will be, for instance, an effect on the explicit K ; this is calculated 
to impart to the v-c curves a convexity towards the c-axis, which 
might be large enough to be perceptible on the acid side of the 
stability maximum, but would be extremely slight on the alkaline 
side. On the other hand, there will be an indirect effect on v arising 
from the fact that v is a function of [H*], which is a function of K ; 
and this should produce a slight convexity towards the c-axis on 
the acid side of the stability maximum. Similarly, opposing effects, 
relating primarily to the alkaline side of the stability maximum, 
can be foreseen ; and the general conclusion which emerges from a 
consideration of the probable orders of magnitude of the quantities 
involved is that the main effect of the disturbances considered 
would again be represented by an alteration of the slope of the v-c 
curves, although small departures from linearity remain theoretically 
possible. Further details with regard to the theoretical aspect of 
this matter need not be discussed, because we find that, for the range 
of salt concentration employed, the v-c curves are, in fact, straight 
lines to within the limits of consistency of the data. It is, therefore, 
clear that the process of linear extrapolation outlined above must 
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yield velocity values (^ 0 ) which are not only independent of con- 
tributory catalysis by the buffer constituents, but are also free from 
the disturbing effects of buffer-ion environment on catalytic activity ; 
in other words, the curve obtained from the experimental 

data by the method indicated should be represented, to a degree of 
accuracy determined only by the data themselves, by equations 
(13 — 16), in which all the quantities pertain to salt-free aqueous 
solutions. * 

There is one disturbing factor which cannot be eliminated by any 
such method as that outlined, and that is the effect of the ester itself 
in modifying the properties of the aqueous medium. Knowing 
nothing about this, we have been forced to neglect it ; but inasmuch 
as it is proposed later to compare the results obtained, we have 
endeavoured to arrange that effects due to the ester shall be kept as 
nearly constant as possible throughout the series by using, in every 
case, solutions of uniform ester concentration. 

Eight esters of dZ-glyceric acid with alcohols of simple constitution 
have been examined by the method described. The results are 
summarised in Section E of the experimental part of this paper 
(see especially Table IX and Figs. 4 and 5). Discussion of the data 
is postponed until the results of further experiments, now in progress, 
are available for collective consideration. 

Experimental. 

(A) Materials . — Glyceric acid was prepared by oxidation of 
glycerol with nitric acid (“ Beilstein,” 4th Aufl., Ill, 395). Its 
esters with aliphatic alcohols have hitherto usually been obtained by 
heating the acid with the alcohol at 180 — 190° (Frankland and 
McGregor, J., 1893, 63, 512; Frankland and Price, J., 1897, 71, 
253), but we found that esters prepared by this method turned brown 
on keeping. The esters were therefore prepared by boiling the acid 
(it is not necessary that it should be absolutely anhydrous) with an 
excess of the alcohol containing 1 % of hydrogen chloride. Careful 
fractionation under diminished pressure yielded stable, colourless 
esters of constant b. p., which, however, contained traces of chlorine 
compounds. These were removed by distillation under reduced 
pressure with freshly prepared silver oxide. The esters appeared 
to be somewhat hygroscopic, and, accordingly, precautions were 
taken to prevent access of moisture. Purity was checked by quanti- 
tative saponification (G == glyceryl group). The italics in Table I 
indicate the esters which are new. 

(B) Calibration . — In order to obtain a convenient rate of reaction 
in the neighbourhood of the stability maxima it was found necessary 
to use a temperature considerably above that of the room. Since 
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Table I. 


<?Z-Glycerate. B. p. G (found), %. G (calc.), %, 

Methyl 123— 125710 rora. 74-16,74*00 74-20 

Ethyl 126*5 o /10 mm. 66-50,66-60 66*40 

tt-Propvl 128— I 2971 O mm. 60-13 59-94 

isoPropyl . 126— 127711 mm. 59-87 59*94 

n-Butyl - 127— 129710 mm. 54-72 54-91 

isoButyl 11779 mm. 54*86 54*91 

n-Amyl 134—136711 mm. 50-43 50-56 

iso Amyl 135— 137711 mm. 50-45 50-56 


the titrations were carried , out at room temperature, the ordinary 
methods for the intercalibration of volumetric apparatus were 
inapplicable on account of thermal expansion. We therefore 
standardised the barium hydroxide solution used for the acidimetric 
measurements by a method which included an automatic relative 
calibration of the series of flasks and pipettes used against the already 
internally calibrated burette. The procedure may be illustrated as 
follows. 

Pure succinic acid (1*2832 g.) was placed with distilled water in a 
flask, A, which had a mark on the neck, and the solution was made 
up with water to the mark at 70-2°. At this temperature a sample 
was withdrawn with a nominally 25 c.c. pipette, (a), and titrated, in 
the presence of an approximately standard quantity of phenol- 
phthalein, with nominally N /40-barium hydroxide, 39*38 ml. of 
which were required to produce the tint which throughout these 
experiments was accepted as an indication of the end-point. The 
capacity of the flask, up to its mark, at the same temperature; was 
determined gravimetrically, allowance being made for the buoyancy 
of water in air, and found to be 539-2 ml. It follows that each 
ml. of titre corresponds with the presence of 0*0010265 g.-equiv. 
of acid per litre in a solution the sample of which has been with- 
drawn at the temperature stated from flask A by pipette (a). 
This temperature was used throughout the velocity measurements. 
Flasks B-r-F were treated similarly in relation to pipette (a) ; later s 
another set G — K were treated likewise in relation to a second 
pipette .(b)-. 

(0) Details of a Typical Experiment (Expt. L, 1*15). — A mixture of 
methyl glycerate (see Table I) (42*004 g.), warm distilled water 
{about 400 o.c.), and 0-974617-sodium hydroxide (83*01 ml.) in flask 
A was placed in the thermostat, and, after temperature equilibrium 
had been attained, the whole was made up to the mark. At intervals 
extending over about a week, samples were withdrawn with pipette 
(a) and titrated in the manner described in Section B. The results 
are given in the 2nd,- 3rd, and 4th columns of Table II, £ being the 
time (in minutes) and # the normality of the acidity. 
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Table II. 


Observ- 
ation Ho. 

t. 

Titre, 

ml. 

X. 

t (calc.). 

Deviation 
in U 

1 

271 

10*74 

0*01102 

(271) 


2 

390 

12*75 

0-01309 

392 

- 2 

3 

562 

15*41 

0*01581 

563 

- 1 

4 

714 

17*55 

0*01802 

714 

+ o 

5 

1075 

22*10 

0*02268 

1068 

+ 7 

6 

1395 

25*92 

0*02660 

1398 

- 3 

■7 

1668 

29*13 

0*02990 

1676 

- 8 . 

8 

1887 

31*25 

0-0320S 

1877 

+io 

9 

2165 

34*54 

0*03545 

2167 

- 2 

10 

2806 

41*32 

0*04241 

2812 

- 6 

11 

322S 

45*67 

0*04688 

3226 

+ 2 

12 

3651 

50*11 

0*05144 

3650 

+ 1 

13 

4345 

57*77 

0*05930 

434S 

- 3 

14 

4802 

62*86 

0*06452 

4798 

+ 4 

15 

4998 

65*16 

0*06688 

4999 

- 1 

16 

. 5744 

73*60 

0*07556 

5734 

+ 10 

17 

6222 

79*29 

0*08141 

6217 

+ 5 

18 

7105 

90*38 

0*09277 

7105 

db 0 

19 

7615 

96*94 

0*09951 

7620 

— 5 

20 

8359 

107*19 

0*11003 

8374 

-15 


From the data given it can be calculated that E = 0*4988 and 
c = 0*1500. The times recorded in the 5th column of Table II 
are calculated from an equation equivalent to (10), the values used 
being K = 2*28 X 1CH, ^ = 2*37 X 10- 5 , w » 0*37 x 10- 5 , and 
7i = 8*81 X 10- 5 . The value of K is taken from Ostwald’s measure- 
ments at 25° (. Z . physilcal . Chem., 1889, 3, 192), and its selection is 
admittedly arbitrary, because, apart from other considerations (see 
below), the temperature is not that of our experiments. No deter- 
minations of K appear to have been made at higher temperatures, 
and we have not attempted to introduce a temperature correction by 
means of special experiments, for the following reasons. First, 
judging from such evidence as is available, the thermal variations in 
the dissociation constants of simple monocarboxylic acids are so 
slight that they are difficult to estimate with accuracy, either from 
conductivities, or from heats of neutralisation, except on the basis 
of an elaborate investigation. Secondly, the correction, if it could 
be estimated, would probably be smaller than the uncertainty in the 
value for the basic temperature, 25° ; Boeseken, for instance, records 
2*8 x 1(H for this temperature (Bee. trav . chim 1918, 37, 169). 
Thirdly, as is pointed out in the introduction, our experiments are 
necessarily affected by the circumstance that our buffer-free solvent 
is, not water, but an aqueous solution of the ester; whilst this dis- 
turbing influence inevitably affects K (and there is no point in 
attempting to eliminate it, since the same cannot, be done for the 
other coefficients and constants involved), it would be superfluous 
to endeavour to eliminate from K the (probably smaller) disturbance 
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due to temperature. In the circumstances, the best course seemed to 
be to adopt a definite value of K and keep to it throughout the work ; 
and since the effects mentioned would probably tend to reduce K , 
we have chosen the lower of the two recorded values. Errors due 
to an incorrect value of K should, we think, be constant throughout 
the series of experiments, because, as has been explained, all effects 
(including the one on K) due to the main variable factor, namely, 
the salt concentration, are eliminated during the reduction of our 


Fig. 1. 



results to those which should pertain to the buffer-free medium. 
The x-i curve plotted from the figures in Table II runs generally 
upwards and to the right, but contains a point of inflexion ( minim al 
slope) in the neighbourhood of the 10th observation. Of the three 
values u, w, and h selected to give that degree of agreement with 
equation (10) which is indicated in the 6th colu mn , u is mainly 
responsible for the general slope, w controls the degree of acuteness 
of the inflexion, and h its position. It should be added that, since 
there is a certain indefiniteness about the time of starting, and also 
because the integrated formula is not accurate near the commence- 
ment of the reaction, the first observation was treated as the effective 




the hydrolysis of carboxylic esters, part n. 1049 


starting point for computation ; * this is indicated by the parenthesis 
at the top of the table. 

The general nature of the x-t relation can be more clearly ex- 
hibited by using the differences between neighbouring observations 
to calculate v from equation (7) and the means of such observations 
to obtain corresponding values of [H‘] (or p E ) from equation (8). 
The results of this calculation are given in Table III, the figures in 
the last two columns of which are graphically represented in Fig. 1. 

In the table, col. 1 enables the pair of observations used to be 
identified in Table II ; cols. 2 and 3 record respectively the differ- 
ences of time and of acidity ; col. 4 gives the mean acidity for each 
interval ; and cols. 5 and 6 record the mean molecular concentrations 
of glyceric acid and of glyceric ester for each interval. It will be 
seen that only about one-fifth of the total possible reaction has been 
followed (in the majority^of our experiments the fraction is smaller), 
and for this reason, having regard to Dawson and Lowson’s investig- 
ation of the effect of reversibility on the dynamics of the hydrolysis 
of ethyl acetate (J., 1927, 2107), we need not fear serious disturbance 
from the retrograde reaction. . 


Table III. 


Nos. 

At. 

Ax. 

x (mean). 

* ~ [H-]. 

E — x. 

v X 10 s . 

PR. 

1—3 

291 

0-00479 

0*0134 

0*0134 

0*4854 

3*38 

4*69 

2 4 

324 

0-00493 

0*0155 

0*0155 

0*4833 

3*15 

4*63 

3—5 

513 

0*00687 

0*0192 

0*0192 

0-4796 

2-79 

4*53 

4 — 5 

362 

0*00466 

0*0203 

0*0203 

0*4785 

2<70 

4-51 

4-r6 

681 

0*00858 

0*0223 

0*0223 

0*4765 

2-65 

4*47 

5—6 

320 

0*00392 

0*0247 

0*0247 

0*4741 

2*58 

4*43 

5—7 

593 

0*00722 

0*0263 

0*0263 

0*4725 

2*58 

4-40 

6—8 

492 

0*00548 

0*0293 

0*0293 

0-4695 

2*37 

4*35 

7—9 

497 

0*00555 

0*0327 

0*0326 

0-4661 

2*42 

4*30 

S— 10 

919 

0*01033 

0*0372 

0*0371 

0*4616 

2*44 

4*25 

9—10 

641 

0*00706 

0*0390 

0*0389 

0*4598 

2*39 

4*23 

10—11 

422 

0*00447 

0*0446 

0*0445 

0*4542 

2*33 

4*17 

11 — 12 

420 

0*00456 

0*0492 

0*0491 

0*4496 

2-40 

4*13 

12—13 

694 

0-00786 

0*0554 

0*0553 

0*4434 

2*55 

4*07 

13—14 

457 

0*00522 

0-0619 

0*0618 

0*4369 

2*62 

4*02 

13—15 

653 

0*00758 

0*0631 

0*0630 

0*4357 

2*67 

4*01 

14—16 

942 

0*01104 

0*0700 

0-0699 

0*4288 

2*71 

3*97 

15—16 

746 

0*00868 

0*0712 

0*0711 

0-4276 

2*73 

3*96 

16—17 

478 

0-00585 

0*0785 

0-0783 

0-4203 

2*90 

3*92 

17—18 

883 

0*01136 

0-0921 

0*0919 

0-4067 

3*17 

3-86 

18—19 

500 

0*00674 

0*0961 

0*0959 

0*4027 

3*35 

3*83 

19—20 

744 

0*01052 

0*1047 

0*1045 

0*3941 

3*58 

3*80 


It will be obvious from Fig. I that the experimental data corre- 
spond with a curve approximating more or less closely to the usual 

* To do this we replace t (equation 10) by t — t v remove the term shr* (an 
integration constant), and subtract from the right-hand side of the residual 
equation an expression identical with that side except that x % replaces {$%> 
£ x ) being the first observation. 
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catenary form ; the main purpose of the figure, however, is to exhibit 
the fact that the accuracy of the individual observations is insufficient 
to enable directly read differences to define the v-p K curve with any 
approach to precision (the curve drawn is constructed as described 
below). Our practice in this and the other experiments has therefore 
been to plot the x-t observations, and to read dxjdt from the curve* 
We regard this method of eliminating the casual errors of individual 
observations as allowable because it is a close graphical analogue to 
many accepted legitimate methods of attaining the same end, as, 
for instance, the averaging of a column of individually calculated 
velocity coefficients derived by the application of an integrated 
formula to a series of observations tracing the progress of a reaction ; 
indeed, the latter process is, if anything, more difficult to defend 
because integration itself involves an averaging of errors which might 
seriously affect direct application of the data to the differential 
equation to which they should correspond. In applying the graphical 
process indicated, we found it convenient to plot 1000# cos 6 — 
OOUsinO against 100# sin 0 + Q-OQIt cosO, where 0 is an angle 
shown to be suitable by a preliminary rough plot of # against t. 
This method avoids the use of an inconveniently extended scale ; 
the effect is much as if the x-t data were plotted on a sheet of rubber 
which was then stretched 10-fold in a direction at right-angles to 
the general direction of the curve in order to bring into relief the 
deviations of the points from the curve. For the experiment now 
considered 45° is a suitable value for 0. Proceeding in this way, 
we obtained the data shown in Table IV, the headings of the first 
five columns of which are self-explanatory. The velocity values 
in col. 6 are calculated from equation (6) by use of the values of 
u f w, and h given above. Col. 7 shows the deviations, which are 
seen to be small and casual in character. 


Table IV. 

v x 10«. 


cc. 

10 5 . dxjdL 

PR- 

E — x. 

Found. 

Calc. 

Dill. 

0*0141 

1*653 

4*67 

0*4847 

3*41 

3*41 

-1-0*00 

0*0177 

1*453 

4*57 

0*4811 

3*02 

2*08 

4-0*04 

0*0208 

1*290 

4*50 

0*4780 

2*70 

2*73 

—0*03 

0*0246 

1*224 

4*43 

0*4742 

2*58 

2*56 

4 0*02 

0*0281 

1*144 

4*37 

0*4707 

2*43 

2*40 

—0*03 

0*0315 

1*121 

4*31 

0*4673 

2*40 

, 2*39 

4-0*01 

0*0382 

1*045 

4*26 

0*4606 

2*37 

2*37 

±0*00 

0*0400 

1*046 

4*22 

0*4588 

2*38 

2*37 

4-0*01 

0*0454 

1*088 

4*16 

0*4534 

2*40 

2*40 

±0*00 

0*0541 

1*108 

4*09 

0*4447 

2*49 

2*48 * 

±0*01 

0*0621 

1*153 

4*02 

0*4367 

2*64 

2*62 

±0*02 

0*0725 

1*201 

3*95 

0*4263 

2*82 

2*82 

±0*00 

0*0924 

1*268 

3*86 

0*4064 

3-12 

3*17 

-0*05 

0*1065 

1*377 

3*79 

0*3923 

3*51 

3*52 

-0*01 
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The data in the third and fifth columns enable the v~p# curve to 
be located to within ±0-01 unit of p E and of v x 10 5 , except at a 
distance from the stability maximum where the uncertainty of v is 
somewhat greater. The curve is practically symmetrical about the 
ordinate p E = 4*24. 



(D) Summary of a Typical Group of Experiments (Group LI). — 
This group consists of four experiments of the same nature as that 
particularised in Section C. 0-5ifef -Methyl glycerate (E) was 
employed throughout, but the concentration of sodium glycerate (c) 
was different in each experiment, being 0*050 in the first, 0*075 in 
the second, 0-100 in the third, and 0*150 in the fourth. The second 
experiment was carried out about a year before the other three, 
which were done contemporaneously ; this is mentioned in order to 
show that during the rather long period over which the measurements 
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recorded in this paper have extended, a satisfactory constancy of 
conditions has been maintained. 

Proceeding as described in the previous section, we obtained the 
values of v and shown in Table V, The plot of these results is 
exhibited in Pig. 2 (full-line curves). 


Table V. 


c = 

0*050. 

c ~ 

0*075. 

c = 

0*100. 

C « 

0*150. 

PH* 

io 5 

pH- 

10 s v. 

Ph. 

l<Fv. 

Ph* 

~ 10 s w. 









4*62 

3*02 

4*67 

3*41 

4-85 

2*70 





4*54 

2*74 

4*57 

3*02 

4*48 

2*38 



— 

4*45 

2*49 

4*50 

2-70 

4-39 

2*17 

4*46 

2*40 

4*40 

2*32 

4*43 

2*58 

4*31 

2*01 

4*35 

2*18 

4*35 

2*25 

4*37 

2*43 

4*24 

1*96 

4*26 

2*07 

4*29 

2*21 

4*31 

2*40 

4*17 

1*97 

4*18 

2*08 

4*25 

2*18 

4*26 

3*37 

4*12 

1*98 

4*11 

2*09 

4*19 

2*19 

4*22 

3*38 

4*00 

2*10 

4*00 

2*30 

4*12 

2*20 

4*16 

2*40 

3*92 

2*36 

3*87 

2*70 

4*05 

2*33 

4*09 

2*49 

3*79 

2*70 

3*70 

3*50 

3*96 

2*54 

4*02 

2*64 

3*73 

3*13 



— 

3*85 

2*85 

3*95 

2*82 

3*63 

3*71 





3*79 

3*17 

3*86 

3*12 

— 

— 

— 

— 

3*74 

3*40 

3*79 

3*51 


It will be seen from the figure that as c increases, the minimal 
velocity increases and becomes displaced towards regions of lower 
hydrion concentration, as might have been expected on the basis 
of equations (4) and (5). 

Prom these curves the v-c curves can readily be plotted. They 
are shown in Fig. 3 for each 0-1 unit of p K from p K 4*6 to p K 3*8 
inclusive, the numerals showing the p K value to which each point 
corresponds. When points relating to the same p K are joined, 
straight lines are obtained which, on production to the axis of 
velocities, yield the velocity data which should pertain to the salt- 
free solution. 

The data obtained from the intercepts on the axis of velocities 
are shown in connexion with the lowest (broken) curve of Pig. 2. 
They are compared in Table VI with the requirements of equation 
(16), in which the values used are h 0 = 6*76 X 10~ 5 , u 0 = 1*76 x 10 r> , 
and tv 0 = 0*06 x 10~ 5 , 

Table VI. 


Ph 

4*6 

4*5 

4*4 

4*3 

4*2 

10 ' v 0 

2-66 

2*29 

1*99 

1-82 

1*76 

10 5 v 0 (calc.) 

2-67 

2*27 

1*99 

1*83 

1*76 

Diff 


4 - 0*02 

40*00 

- 0*01 

to-oo 

Ph 


4*0 

3*9 

3*8 


10 ' 

1*76 

1*89 

2*09 

2 * 42 


10 6 % (calc.) 

1*78 

1*89 

2*08 

2*43 


Diff 


40-00 

40*01 

- 0*01 
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It is noteworthy that the slopes of the v-c curves are approximately 
constant at above 4*3, but on the acid side of this value they 
increase more and more rapidly as the p K decreases. It is possible 
from the limiting slope and the divergences of slope, to make rough 
estimates of k a and k nl respectively, although, of course, the experi- 


Fio. 3. 



mentis were not designed with the object of measuring those quan- 
tities, and are not of the most suitable kind for that purpose. It 
appears, however, that k a and k m are both of the order of a few units 
times 10" G . 

(E) Short Summary of Results . — The v~pn data (10%) for the 
esters and salt concentrations employed, obtained as illustrated 
in Sections C and D, are collected in Table VII. The extrapolated 
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velocity values (10 5 ^ 0 ) for buffer-free solution are in Table VIII, and 
are shown graphically in Kgs. 4 and 5. 

The curves shown in conjunction with the v-jp K data in Figs. 4 
and 5 are graphs of equation (16) corresponding with certain assumed 
values of u Q) h Qi and w 0 . The assumed values of w 0 are relatively 


Fig. 4. 



very small (of the order 10~ 7 ) and the curves are not sensitive to their 
absolute magnitudes; conversely, the data shown in connexion 
with the curves do not enable the values of w 0 to be fixed with any 
approach to precision. They do show, however, that the catalytic 
influence measured by w 0) viz., that of water molecules, is only of 
minor importance in the hydrolysis of carboxylic esters. We think 
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that Skrabal and Zahorka’s claim (Monatsh,, 1929, 53 , 54 , 562) to 
have shown that 36% of the minimal velocity of hydrolysis of ethyl 
acetate at 25° is due to water catalysis is vitiated by the omission 


Fig. 5. 
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Table VIII. 

4-9 4-8 

4*7 

4*6 

4*5 

4*4 

Ester. 

Methyl 

— 

— 

— 

— 

2*66 

2*29 

1*99 

Ethyl 

— 

— 

— 

1*77 

1*52 

1*34 

1*25 

n-Propyl 

— 

— 

— 

1*64 

1*42 

1*27 

1*18 

isoPropyl 

.... 0*84 

0*70 

0*62 

0*55 

0*52 

0*51 

0*52 

n-Butyl ............ 

— 

— 

1*80 

1*55 

1*36 

1*22 

1*16 

ieoButyl 

... — 

— 

1*57 

1*34 

1*17 

1-07 

1*03 

n-Amyl 

— 

— 

1*74 

1*48 

1*29 

1*17 

1*12 

iso Amyl 

— 

— 

1*64 

1*40 

1*22 

1*12 

1*07 

Pu 

... 4*3 

4*2 

4*1 

4*0 

3-9 

3*8 

3*7 

Ester. 

Methyl 

... 1*82 

1*76 

1*76 

1*88 

2-07 

2-42 

2*77 

Ethyl 

... 1*23 

1*26 

1*38 

1*56 

1*80 

— 

— 

n-Propyl 

... 1*18 

1*24 

1*38 

1*58 

1-82 

— 

— 

itfoPropyl ......... 

... 0*55 

0-62 

0*70 

— 

— 

— 


n-Butyl 

... 1*16 

1*22 

1*35 

1*53 

1*80 

— 

— 

isoButyl 

... 1*04 

1*10 

1*22 

1*40 

— 

— 

— 

n-Amyl 

... 1*13 

1*20 

1*34 

1*51 

1*76 

— 

— 

iso Amyl 

... 1*08 

1*14 

1*25 

1-43 

1*65 

— 

— ' 


to make allowance for buffer effects ; probably the major portion of 
the percentage mentioned is to be laid to the account of the con- 
stituents of the buffers employed. 

The values u 0 and h 0 correspond with the co-ordinates of the minima 
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of the curves. They are given in Table IX, together with the 
corresponding values of pi* = — logio^O’ a nd of &oh/&h — h(fJK wt 
In the calculation of & 0 h/&h it is necessary to assume a figure for K m 
and 10 1 ’ 23 ' 14 has been adopted as the result of interpolation from 
existing data. The value is inevitably arbitrary for the reason 
mentioned on p. 1045, but, as is there explained/there is reason to 
believe that its arbitrariness will not affect the purpose for which 
these measurements have been made. 

Table IX. 


Later. u 0 X I0 6 . h 0 X I0 6 . p H *- (koi/foi) X 10“ s , 

Methyl cW-glyeerate 17*6 68*4 4-165 27*5 

Ethyl „ 12*3 47*9 4*320 13*5 

n-Propyl „ 11-8 44*7 4*350 11*8 

isoPropyl „ 5*1 31*3 4*505 5*8 

n-Butyl „ 11*5 44*2 4*355 11*5 

uoButyl „ 10*3 42*7 4*370 10*7 

n-Amyl „ 11*2 43*7 4*360 11*2 

woAmyl „ 10*7 43-7 4*360 11*2 

The University, Leeds. [ Received , March 5th, 1930.] 


CXXXL — The Anomalous Fifth Carbon Atom in 
n-Fatty Nitriles . 

By Robert Avery Button and William Bell Lee. 

In some series of straight-chain carbon compounds the 5th, 10th, 
and 15th members exhibit maxima or minima in many physical 
and chemical properties (Lee, Trans. Faraday Soc., 1927, 23 , 79; 
Lee and van Rysselberge, J, Physical Ohm ., 1929, 33 , 1543), and 
similar anomalies have been noted in molecular rotatory power by 
Pickard and Kenyon. Moreover, in homologous series of such 
compounds the alternation of physical properties between the odd 
and the even members is well known. Muller (Proc. Roy . Soc., 
1929, A, 124 , 317) postulates a plane, or nearly plane, zigzag 
structure of the carbon chain in such cases, but Henderson (Proc. 
Roy . Soo . E<Un., 1928, 48 , 20), from X-ray investigations of the 
dibasic acids of the oxalic acid series, concluded that the carbon 
chain was in spiral form. 

The systematic and comparative experiments recorded below, 
which were made by one of us (R. A. F.) on six consecutive members 
of the series of nitriles of the w-fatty acids, demonstrate that a 
well-defined anomaly exists in the chemical reactions of the C 6 
nitrile. If a helicoidal configuration of the carbon atoms be assumed, 
every fifth carbon atom would correspond to one complete turn of 
the helix. 
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Experiments in Liquid Ammonia Solution . — Equimolecular 
quantities of the normal nitriles (from acetonitrile to hexonitrile) 
and of potassamide were electrolysed in liquid ammonia solution. 
The materials were carefully purified, and in all the experiments 
the conditions, e.g., concentration, temperature ( — 33°), and 
current density (0*5 amp./sq. cm.), were kept as nearly as possible 
the same. The electrolysis was carried out in an apparatus similar 
to that used by Kolbe and others. The gases evolved in the re- 
actions were analysed by low-temperature fractionation according 
to the method of Burrell (27. S. Bureau of Mines Bulletin , No. 104), 
and the analyses were accurate to approximately 0-1%. 

Attention is focused entirely on the anode reactions, and 
the electrolysis is essentially that of the potassium salt of the 
“ ammono ” -fatty acid (Franklin; see e.g. } Cornell, J. Amer . Ghem. 
Soc. 3 1928, 50, 3311) formed thus: CH 3 *CN + KNH 2 = 

CH 3 -C(;NH) # NHK. Ammonocarbonic acid was always one of 
the products, and, except in the case of the ammonoacetate, 
hydrogen also was formed. 

No. of C atoms in nitrile 2. 3. 4. 5. 6. 


Methane, % 68-6 48-6 42-7 2-0 12*0 

Ethane, % ... None None None 70*5 50*0 


The only variable in the different experiments was the length of 
the carbon chain. There is a definite break ” at the fifth carbon 
atom in the chemical reactions of these w-fatty nitriles. We assume 
that a stereochemical cause is responsible for this anomaly. 

Fusion of n- Fatty Nitriles with : Potassamide . — The nitriles were 
heated with potassamide in equimolecular quantity at 350°, the 
experiments being comparative. Again the only difference intro- 
duced was in the length of the chain. 

No. of C atoms in 

nitrile. 2. 3. 4. 5. 6. 

Gaseous products CH* H 2 , CH* H„ CH 4 CH 4 , C a H s , C*H e , C*H ft 

C 2 H b CgHg G 4 H 10 C 5 H 19 

C 3 H 8 (CaH e trace) ’(CH 4 trace) 

At C 5 the yield of methane was a minimum with only a trace of 
ethane, whereas at C 6 the ethane yield was good, with only a trace 
of methane. There is again a distinct anomaly at C 5 in the reactions 
of these chemically similar nitriles. The mechanism of these 
reactions might be interpreted in different ways, and we lay less 
stress on these than on the electrolytic experiments. Nevertheless, 
there is some peculiarity which can be related to the number of 
carbon atoms in the chain. 

Neither the ordinary plane formula of the organic chemist nor 
the plane zigzag of certain X-ray investigators accounts for this 
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chemical anomaly at the fifth carbon atom. The phenomenon is 
much more general than may have been supposed. 

Our thanks are due to Professors E. C, Eranklin and E. W. Berg- 
strom for their helpful suggestions during the course of this in- 
vestigation. 

Stanporb University, California. [Received, July 23rd, 1929.] 


CXXXIL — The Addition of Halogens to Unsaturated 
Acids and Esters . Pari III . The Velocity of 
Bromine-addition . 

By Nobman William Hanson and David Matthew Williams. 

Williams and James (J., 1928, 343) showed that addition of 
bromine to unsaturated acids and esters in the dark in non- 
hydroxylic solvents, such as carbon tetrachloride and chloroform, 
was an autocatalytic reaction, and adduced evidence that the 
catalyst was hydrogen bromide. Davis (J. Amer . Chem. JSoc., 1928, 
50 , 2769) suggested that bromine- addition in the dark to olefins in 
carbon tetrachloride proceeded mainly through the medium of a 
bromine hydrate because the reaction velocity increased as the 
temperature was lowered from 25° to 0°. Further, the same thermal 
reaction was studied by Meyer and Pukall (Z. physikaL Chem., 1929, 
145 , 360) for the case of cinnamic acid in chloroform ; here, again, 
the reaction was autocatalytic, and it was suggested that the 
catalyst was produced by the action of bromine on the solvent and 
that the rapidity of the photobromination was due to the rapid 
production of the catalyst under the influence of light rays. 

The present communication is an attempt to investigate system- 
atically the effect of constitutional differences on the velocity of 
bromine-addition to unsaturated acids and methyl esters. The 
latter were used chiefly in those cases in which the acids were 
insoluble in the two solvents, and where comparison was possible, 
the ester was found to react slightly less readily than the acid. The 
addition was invariably more rapid in chloroform than in carbon 
tetrachloride, and hence, where choice was possible, the former 
was used for the slow and the latter for the rapid reactions. Solu- 
tions of purified bromine in either of the purified solvents can be 
kept in the dark for long periods without any deterioration, so the 
explanation of Meyer and Pukall does not seem to apply to the dark 
reaction. 

The rate of addition to both forms of o-methoxycinnamic acid is 
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several hundred times greater than to cinnaraie acid, the velocity 
diminishing more rapidly than would be expected for a bimolecular 
reaction (Williams and James, loc. cit .). This work has now been 
extended to include the methyl esters of m- and p-methoxycinnamic 
acids, and the reaction velocities are all of the same order of magni- 
tude. The attachment of the strongly activating methoxyl group 
to the nucleus greatly intensifies the rate of nuclear substitution, 
and hence it seems that the enhanced rate of reaction is due to the 
ease with which hydrogen bromide is produced. This suggestion is 
in accordance with the observations of Davies and Davies (J., 1928, 
602) and of Reimer and Tobin (J. Amer . Chem. Soc ., 1930, 52, 341), 
that addition of bromine respectively to m-methoxycinnamic acid 
and to 2 : 4-dimethoxy cinnamic acid always results in considerable 
substitution in the nucleus. It was anticipated that a nuclear 
deactivating group directly attached to the nucleus in cinnamic acid 
would have the converse effect, decreasing the rate of addition and 
causing a long inhibition period. This expectation has been realised, 
for the nitro-group in the methyl esters of o-, m-, and p-nitro- 
cinnamie acids was found to have the anticipated effects on the 
velocity of addition of bromine. Further, the inhibition periods 
vanished when hydrogen bromide was added initially as a catalyst. 

Halogen atoms attached to the carbon atoms of the double 
linkage show interesting contrasts, for an a- halogen atom completely 
inhibits addition, even in the presence of hydrogen bromide, while a 
p -halogen atom does not noticeably affect the rate. Although no 
other substituents in these positions have yet been studied, it is 
clear that the character of the groups attached to the doubly 
linked carbon atoms is an important factor in determining the 
rate. 

Comparison of rates of addition to a number of cis - and trans- 
isomerides has shown that in every case addition of bromine to the 
m-form occurs more readily, but the difference in rate varies con- 
siderably from pair to pair. An important fact relating to this 
point was discovered by the study of methyl fumarate and methyl 
maleate. Neither of these esters reacts with bromine in the dark in 
carbon tetrachloride at 18°. The fumarate is perfectly stable to- 
wards bromine even if heated in sealed tubes at 1 00° for several days, 
but the maleate is not so inactive at high temperatures : being an 
oil at ordinary temperature, it is more difficult to purify, and prob- 
ably its impurities, by producing traces of hydrogen bromide, cause 
it to, react slowly with bromine. In the presence of hydrogen brom- 
ide, the fumarate reacts with bromine very slowly, but the maleate 
reacts very rapidly and an apparent equilibrium is attained, after 
which the reaction is exceedingly slow. This is probably due to 
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the fact that a proportion of the maleate is converted into the 
fumarate under the influence of hydrogen bromide, concurrently 
with the addition. This shows that a third factor influencing the 
rate of addition is the rate of conversion of the unstable or ciVform 
into the stable or trans-iovm , and this seems to point to the existence 
of the same intermediate form in the conversion and in the addition. 
The same conclusion was reached by Schmidt (Z. physikal. Ghent., 
1928, B , 1, 205) as regards the photochemical action of bromine on 
methyl maleate and methyl fumarate. 

Experimental. 

Exactly the same methods of purification of bromine and solvents* 
were adopted as in the previous work. The solid esters were 
repeatedly recrystallised, and the liquid esters were twice redistilled 
under reduced pressure. The methyl maleate on standing for a few 
weeks deposited crystals of the fumarate, and since the presence of 
the latter does not interfere with the bromination of the former, a 
saturated solution of the fumarate in the maleate at 13° was used. 
This solution, as shown by the melting-point curve of mixtures of 
the two esters (Schmidt, loc. cit .), contains 4% of fumarate. 

The procedure for the velocity measurements was modified 
accordingly as the reaction was rapid or slow. Equal volumes of 
M /30-solutions of the substance and of bromine at 0° were mixed 
either in well-stoppered brown bottles or in tubes, and the latter 
were at once sealed in a very faint red light. The vessels were then 
kept at 0° in the dark for the required period, the reaction being 
stopped either by adding excess of potassium iodide solution or by 
breaking the bulb under the solution. A definite]) volume (excess) 
of standard sodium thiosulphate solution was then added, the whole 
shaken until colourless, and the excess thiosulphate titrated against 
N /50-iodine solution. 

In studying the catalytic effect of hydrogen bromide, definite 
volumes of a solution of the carefully dried gas in the solvent were 
added to the reaction mixture, a separate bottle being used for each 
determination. The concentration of the hydrogen bromide solution 
was determined either by titration with baryta or by precipitation 
as silver bromide. The catalytic effect on the addition of bromine to 
methyl maleate was so great that the best results were obtained by 
mixing 100 e.c. of each reacting solution in a large brown bottle, 
adding a definite volume of hydrogen bromide solution, and with- 
drawing samples of 20 c.c, for analysis at definite intervals. 

The velocity measurements are summarised in the following tables. 
Since in no case was the reaction bimolecular in the absence of added 
hydrogen bromide, no. velocity coefficients are given. For a com,* 
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parison of rates, the approximate inhibition period and the time for 
25% change are given, time being in hours throughout. 

Table I shows the influence on the rate of the nitro- and methoxy- 
groups attached to the nucleus. The position of the substituent in 
the ring is a secondary factor compared with its nature. It will 
be seen that both types of addition, {&) and (5), are considerably 
accelerated by hydrogen bromide. 


Table I. 


Without initial HBr. With initial HBr. 

✓ ' ✓ ■ 1 r N 

Inhibition Time for Time for 

Isomeride. period. . 25 % change. [HBr]/[Br 2 ], 25% change. 

(a) Methyl nitrocinnamates. Solvent, CHC1 3 . Temp., 0°. 
ortho ca. 60 750 0*758 155 

meta ca. 50 540 0*758 230 

para . ca. 50 390 0*758 120 


(b) Methyl methoxyeinnamates. Solvent, CC1 4 . Temp., 0°. 
ortho — 2*7 0*053 2*1 

meta - — 21*0 0*432 0*22 

para ~ 0*1 0*204 0*01 

In Table II are given the rates of addition to various pairs of cis- 
and tfrans-isomerides, including the a and p-halogen-substituted 
cinnamic acids. The cis - acid is in every case the more reactive, and 
the effect of the position of the halogen atom is clearly indicated. 


Table II. 


Temperature, 0°. 


Substance, 

/ trans -Cinnamic acid 

» » * ... 

f iran^-^-Bromocinnamic acid 

I cis- „ „ 

/ tran$-fi - Chlorocinnamic acid 

\cis- „ „ 

/^ran^-o-Methoxycinnamic acid 

/Methyl tra?25-o-methoxycinnamate 
\ Methyl tie- „ , „ 


a-Bromocinnamic acid (both forms) 
a-Chlorocinnamic acid (both forms) 
^-Dibmmocinnamic acid (both forms) 
jg-Chloro-q-bromocirimmi c acid (both 
forms) 



Inhibition 

Time for 

Solvent. 

period. 

25% change. 

CC1 4 

ca. 22 

135 

CC1 4 

ca. 7 

35 

CHC1 3 

ca, 25 

280 

chci 8 

ca, 5 

250 

CHC1 3 

ca. 25 

200 

CHOI 3 

ca. 4 

210 

CHCh 

— 

0*05 

CHCL 


0*02 

CC1 4 

■ — 

2*1 

CC1 4 

— 

0*40 


Do not react to a measurable extent 
with bromine at 0° in either solvent, 
- even under the influence of hydro- 
gen bromide. 


The velocity measurements with methyl maleate and methyl 
funaarate were conducted in carbon tetrachloride in a thermostat at 
18°. No addition took place to either of the esters unless hydrogen 
bromide was added, whereupon the two esters exhibited widely 
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different rates of reaction. In Table III are given the periods for 
50% change with the maleate for different amounts of the catalyst, 
and also the position of equilibrium, which shows the percentage 
change into the fumarate. 

Table III. 

Solvent, CC1 4 . Temp., 18°. 

(a) Methyl maleate. 

[HBr]/[Bpg]. Time for 50% change. Percentage change at equilibrium. 
0-107 9-5 _ 

0*212 1-6 85-4 

0-322 0-95 81-5 

(b) Methyl fumarate. 

0*52 9% of the bromine had reacted in 400 hours. 

The actual figures obtained for the maleate are plotted in Fig. 1, 
in which it is shown that when the concentration of the catalyst is 
small, the reaction reaches an equilibrium very slowly. 


Fig. 1. 



10 20 30 40 

Time (/lours). 
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CXXXIII. — The Behaviour of Hydrogen Chloride in 
Different Solvents . 

Bv W. F. Kenrick Wynne- Jones. 

Hydrogen chloride when dissolved in water behaves as a very 
strong electrolyte, so strong, indeed, that it is usual to regard it as 
a completely ionised acid, since its solutions conform quite closely 
to the equations of the Debye-Hiickel theory. The anhydrous 
compound, on the other hand, is a non- electrolyte, and it is gener- 
ally considered that the hydrogen and chlorine atoms are so intim- 
ately bound that it requires considerable energy to separate them 
as ions. These facts have led to the hypothesis that the dissociation 
of the acid is occasioned by its combination with the solvent and 
that, according to Bronsted’s definition of an acid and a base (Bee. 
trav. chim. f 1923, 42 , 718), the acid will be ionised only in a basic 
solvent. Thus in water, ammonia, and methyl alcohol we have the 
reaction schemes HC1 + H 2 0 H 3 0’ + Cl' ; HC1 + NH 3 ^ 

NH 4 # + Cl' ; HC1 + CH 3 OH ^ CH 3 OH 2 ‘ + Cl'. 

This hypothesis makes a clear distinction between an electrolyte 
such as hydrochloric acid and other strong electrolytes such as salts, 
since, with the latter, dissociation is primarily determined by the 
dielectric constant, whereas with hydrochloric acid the chemical 
nature of the medium is the determining factor. 

In order to test this hypothesis further, it was decided to examine 
the behaviour of hydrogen chloride in a solvent of no marked basic 
character but possessing a fairly high dielectric constant. For this 
purpose, nitrobenzene seemed admirably suited, since its dielectric 
constant is 34, and, from an acid-base standpoint, it might be 
expected to be inert ; moreover its immiscibility with water made 
it possible to use the partition method for investigating the behaviour 
of hydrogen chloride. 

This method has been employed by several investigators, and 
the work of Rothmund and Drucker (Z. physikal. Ohem 1903, 46* 
827) and of Cavanagh (Proc. Boy . Soc.> 1924, A , 106, 243), in par- 
ticular, has proved the trustworthiness of the method for deter- 
mining activities in one solvent when those in the other solvent are 
known. There has, however, been a certain amount of criticism 
of the method, owing partly to a misunderstanding of the nature 
of the results obtained by it, and partly to a misconception of its 
limitations. On the one hand, it is clear that the Nernst equation 

E = 0^0 % . . . . . . ( 1 ) 

where C x and C 2 refer to the concentrations in the two solvents and 
n is the degree of association in solvent 2, is only an approximation 
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and certainly cannot hold for electrolytes. A more precise method 
of treating the results is to mite for solutions in one solvent 

= RT/n . log c/ + & (2) 

where y. is the chemical potential of the solute, n the degree of associ- 
ation, / the activity coefficient of the associated molecules, and k 
a constant, the other symbols having the usual significance. If, 
for the other solvent, the values of are known, then these values 
may be substituted in the above equation. In a case such as that 
studied here, we may write for aqueous solutions 

ti-i RT log p + k t . . . ... (2a) 

while for solutions in nitrobenzene we have 

H = RT/n . log cf + . . . . (26) 

whence, for equihbrium, 

K ~P n Jcf > . ; , . . (3) 

p being the partial pressure. 

The limitations of the method, on the othei; hand, must be clearly 
recognised. Evidently, the application of equation (2a) is only 
justifiable if the chemical potential of the solute is not markedly 
affected by the presence of the other solvent. Also the results for 
the second solvent will refer, not to the pure liquid, but to one 
saturated with the other solvent. The solubility of one solvent in 
the other, provided it remain constant, as at low concentration of 
the solute, will not invalidate the results ; if, however, the solubility 
varies appreciably, then some uncertainty will be introduced depen- 
dent upon the manner in which the potential of the solute varies 
with the properties of the solvent. 

Experimental. 

In view of the fact that hydrogen chloride is much, more soluble 
in water than in nitrobenzene, it was thought possible that errors 
might arise through traces of emulsification if the two liquids were 
brought into direct contact as is usual in partition measurements. 
In order to avoid this, an H form of apparatus was constructed and 
equilibrium between the two liquids was reached through the 
vapour phase; the attainment of equilibrium was accelerated by 
evacuating the apparatus through a tap on the connecting tube. 
Siphon tubes were introduced through rubber stoppers in the two 
upright tubes, and the apparatus was filled and emptied by means 
of these siphons. In most of the experiments the apparatus was 
left in a thermostat, electrically controlled at 25-00° ± 0*01°, for 
2 — 5 days with occasional shalring ; in a few of the later experi- 
ments a shaking apparatus was installed and equihbrium attained 
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in less than 24 hours. At the end of this time air was admitted 
to the apparatus, the ends of the siphons were broken, and suitable 
amounts of the two liquids run into flasks and weighed. Titrations 
were carried out with carbonate-free sodium hydroxide, bromo- 
cresol-purple being used as indicator. The ultimate standard was 
constant-boiling hydrochloric acid, prepared according to the 
directions of Foulk and Hollingsworth (J. Amer. Chem. Soc., 1923, 45, 
1220). * 

In one experiment with nitrobenzene and all the experiments with 
benzene the two liquids were shaken together in stoppered bottles. 
The agreement of the nitrobenzene value thus obtained with the 
others is satisfactory evidence that either method can give correct 
results under proper conditions. 

The solubility of hydrogen chloride in water and nitrobenzene 
was determined By passing the gas for several hours through the 
liquids contained in test tubes : the gas passed out through two 
guard tubes and was then absorbed in alkali. The hydrogen chloride 
was generated by dropping A.R. hydrochloric acid into concentrated 
sulphuric acid. As a check on this method, a few measurements 
were made with gas generated by the action of sulphuric acid on 
ammonium chloride, but no difference was detected. 

The nitrobenzene was of “ pure ” quality. It was shaken with 
caustic soda and distilled twice under 20 mm. pressure, the second 
distillation being from phosphoric oxide. The final product was 
very pale yellow. 

Results . — The results are summarised in Table I. In the first 
column are recorded the values (C w ) of the concentration in the 


Table I. 

Results for nitrobenzene at 25°. 


<7*. 

O n * &HOI X IQ"®. 


O n . g&hciX 10” 5 . 

c w . 

On* ttjaoi X 1 O' 

9-635 

0*0027 

0*0828 

14*84 

0*0707 

2*37 

18*05 

0*335 

11*9 

9*766 

0*0029 

0*0912 

14*93 

0*0773 

2*77 

18*38 

0*394 

13*4 

11*147 

0*0080 

0*242 

15*21 

0*0833 

2*93 

fl9*33 

0*556 

18*8 

*11*61 

0-0109 

0*331 

16*46 

0*164 

5*70 

19*52 

0*603 

20*5 

12*84 

13*84 

0*0229 

0*0396 

0*721 . 
1*33 

17*19 

17*76 

0*223 

0*292 

8*28 

10-6 

20*42 

0*833 

27*3 


* This value was obtained from an experiment in a stoppered bottle, 
f This value is obtained from the following determinations of the solubility 
of hydrogen chloride in the two solvents : 


Water 

Phci (mm. Hg). 

C. 

6*(corr. to 760 mm.),. 

. 747 

19*29 

19*34 


752 

19*29 

19*32 

Mean 19*33 

Nitrobenzene 

- 742 

0*535 

0*548 

(saturated with 

749 

0*551 

0*559 

water) 

760 

0*561 

0*561 




Mean 0*556- 
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aqueous layer expressed in mols. per 1000 g. of water; in the 2nd, 
the concentrations (C n ) in the nitrobenzene similarly expressed; 
in the 3rd, the values of the activities in the aqueous layer calculated 
from the data of Randall and Young ( J . Amer. Chem. Soc. 3 1928, 
50, 989) up to a concentration of 16 molal, and, for higher concen- 
trations, from the vapour pressures given in the International 
Critical Tables, Vol. Ill, p. 301. 

Discussion of Results. 

On comparing these results with those of Knight and Hinshel- 
wood (J., 1927, 470) for the distribution of hydrogen chloride between 
benzene and water, we find two' marked differences. In the first 
place, there is a difference in the general form of the curves repre- 
senting the variation of the concentration in the non-aqueous phase 
with the concentration in the water. For,, whereas in this work 
the curve rises continuously and is always concave towards the axis 
of the concentration in the water, Knight and Hinshelwood’s curve 
has a point of inflexion and flattens out very considerably at high 
concentrations, where a constant value is actually obtained for the 
ratio of the concentrations in the two layers. Such a result is quite 
inexplicable on theoretical grounds and, moreover, is in conflict with 
the vapour-pressure data of a number of authors. That it is 
probably due to some experimental error is further shown by the 
fact that the value given by Knight and Hinshelwood for the solu- 
bility of hydrogen chloride in water at 20° differs considerably from 
the standard value. Thus, Roscoe and Dittmar (J., 1859, 12, 128) 
found that 1 g. of water at 20° dissolves 0-721 g. of hydrogen chloride, 
whereas Knight and Hinshelwood found that 1 litre of the saturated 
solution contains 718-8 g. of hydrogen chloride; combining this 
with the density of the solution, vis., 1-22, we obtain a value of 
1-44 g, of hydrogen chloride per g. of water. 

Table II. 

Knight and Hinshelwood’s results at 20°. 


Vg./l. 

Obi g./b 

Pncu 

P Bail O' b 

105-1) 

0*100 

0-0343 

0-343 

212-0 

0-252 

0*162 

0-643 

236*1 

0-382 

0*351 

0*92 

249-0 

0-449 

0-538 

1-20 

259-0 

0-532 

0*742 

1*40 

289*3 

0*700 

1-905 

2*70 

312-0 

0-929 

3*91 

4-21 


A further peculiarity about the results of these authors is that 
the concentrations in the benzene layer are not even approximately 
proportional to the partial pressures of the aqueous solutions. 
This is shown in Table II where a few of the data are tabulated., 
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The concentrations are expressed as g. of acid per litre of solution; 
the vapour pressures have been interpolated from the data in the 
International Critical Tables ( loc . cit.) and are expressed in mm. of 
mercury. 

In order to determine ■whether this deviation from normality had 
any real existence, it was decided to carry out a few experiments 
with benzene. The results are summarised in Table III, in which 
the concentrations are expressed as inols. per 1000 g. of solvent. 

. Table III. 


Results with benzene at 25°. 


c w . 

:C». , 

Pkoi • 

pHOl/C^ X 10 3 . 

9-603 

0-00213 

2-95 

1-39 

10-215 

0-00340 

4-67 

1-37 

10-508 

0-00423 

5-72 

1-35 

11-43 

0-00768 

10-74 

1-40 

11-99 

0*0110 

15-6 

1-42 

12-93 

0-0216 

28*1 

1-30 


It is clear that the behaviour of hydrogen chloride in benzene is 
quite normal. 

Fig. 1, 



That hydrogen chloride is a normal solute in nitrobenzene also 
is shown most clearly in Rig.. 1, where the logarithm of the activity 
is plotted against the logarithm of the concentration in the solvent ; 
the straight line has been drawn with a slope of unity and it is 
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evident that over the whole range the activity is proportional to 
the concentration. 

As previously mentioned, the activities were obtained by com- 
bining Randall and Young’s results with the vapour-pressure data 
in the International Critical Tables. If Randall and Young’s 
values of log y are plotted against V~M (where M = molality) a 
linear relationship holds over the range 9 — 16.M, but it is not pos- 
sible to use this for extrapolation, since the values thus obtained 
diverge considerably from the values calculated from the vapour 
pressures by means of the equation 

log y — 1*718 = log VpJM- 

That there is no serious error in the vapour pressures is shown by 
the fact that the interpolated value for the concentration of the 
saturated solution (under a pressure of 760 mm. of Hg) is 19-33Jf, 
in exact agreement with the figure obtained in this work. It is 
also quite justifiable to calculate activities from the vapour pressures, 
since Gray and Burt (J., 1909, 95, 1633) have shown that at 0° and 
a pressure of 1 atm. the deviation of hydrogen chloride vapour 
from the gas laws is less than 1%. Since there are no published 
values for the activity coefficients of hydrochloric acid at concen- 
trations above 16 If, Table IV has been compiled from the vapour- 
pressure data. 

Table IV. 

Activity coefficients of hydrochloric acid at 25°. 


M (mols./1000g.)... 16 17 18 19 20 

logy 1*628 1*708 1*776 1*836 1*890 

p (mm. Hg) 169*1 276 423 623 884 


The value of log y at 16Jf is that given by Randall and Young and 
may be somewhat in error, but further investigation is required to 
decide this. 

The results presented in this paper clearly support the theoretical 
considerations outlined in the introduction ; in the three solvents 
water, nitrobenzene, and benzene, with dielectric constants 79, 34, 
and 2*2, respectively, the behaviour of hydrogen chloride is con- 
ditioned, not by the dielectric constant of the medium, but by its 
capacity to combine with it. That hydrogen chloride probably 
forms a compound with water has long been postulated, but it is 
interesting to note that vapour-pressure data lend considerable 
support to this view and also enable us, on the basis of a simple 
assumption, approximately to evaluate the extent of combination, 
Roscoe and Dittmar have measured the vapour pressures of , hydro- 
chloric acid solutions at 0° up to a pressure of 1300 mm. ; in addition, 
Faraday {Phil Trans 1845, 135, 155) determined the vapour 
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pressure of pure hydrogen chloride at the same temperature. These 
results are combined in Tig. 2, where the vapour pressure is plotted 
against the mol fraction of hydrogen chloride, which is calculated 
on the assumption that the molecular weights of hydrogen chloride 
and of water are normal. Although there is a large range for which 
no data are available, it is very striking that a linear extrapolation 
of Roscoe and Dittmars results comes very close to Taraday’s value 
for pure hydrogen chloride. The whole form of the curve strongly 
suggests that at mol fractions of less than 0*25 practically all the 
hydrogen chloride has combined with the water and exerts a negli- 
gible vapour pressure, whereas above that value any additional 
hydrogen chloride added to the solution is uncombined and is able 



0 0*2 0-4 0*6 0*8 1*0 

Mol. fraction of HC1. 

S Faraday. 0 Roscoe and Dittmar. 


to exert its full vapour pressure. This can be simply explained if 
each molecule of hydrogen chloride is combined with 3 molecules of 
water. 

If we now assume that the partial pressure of hydrochloric acid 
is always proportional to the mol fraction of the uncombined acid, 
it is possible to calculate its amount. Thus, the partial pressure 
of a molal solution at 0° is 2 x 10 -8 atm., while the vapour pressure 
of pure hydrogen chloride is 26*2 atm. ; hence the mol fraction of 
uncombined hydrochloric acid is 2 x 10- 8 /26*2, and its molality is 
55 x 2 x 10^/26*2 = 4 x 10 -8 . On the assumption that all the 
combined hydrogen chloride is ionised, the dissociation constant 
of hydrochloric acid is Z= l/4x KH = 2*5 x 10 7 . This value 
agrees well with the previous estimates of Schreiner (Z. physikal. 
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Chem., 1924, 111 , 419) and of Ebert (. Naturwiss ., 1925, 13 , 393), 
both based on quite different considerations. 

Summary. 

The partition of hydrogen chloride between nitrobenzene and 
water has been determined, and the results indicate that in nitro- 
benzene it behaves as a normal undissociated solute. A few measure- 
ments on the system benzene-water lead to a similar conclusion. 
These results support the view that the behaviour of an acid is 
primarily determined by the basic character, and not by the 
dielectric constant, of the solvent. 

Consideration of the vapour-pressure data shows that a molecule 
of hydrogen chloride in aqueous solution is probably associated 
with 3 molecules of water, and it is estimated that the dissociation 
constant of hydrochloric acid is 2*5 x 10 7 . 

I wish to express my thanks for a grant from the Research Fund 
of the Chemical Society which has helped to defray the cost of this 
work. 

The TJniyebsity, Reading. [Received, March 10 th, 1930.] 


CXXXIV , — Investigations in the Diphenyl Series . 
Part IX. Further Experiments with Sulphonamicles. 

By Frank Bell. 

Although the acetyl derivatives of 2-amino- and 4-amino-diphenyl 
can be nitrated only to dinitro-compounds (Scarborough and 
Waters, J., 1927, 89), it appeared probable that by the use of 
sulphonyl derivatives trinitro-compounds and hence trinitroamines 
would be obtainable (Bell, J., 1928, 2772). To avoid complications 
during the vigorous nitration, m-nitrobenzenesulphonyl derivatives 
were employed and in this way both 2-a mi no- and 4-amino-diphenvl 
were easily converted into trinitro-compounds. 

The reaction of outstanding interest in the substitution of deriv- 
atives of 2-amino- and 4-amino-diphenyl is the bromination of 
4-acetamidodiphenyl (Scarborough and Waters, J., 1926, 507 ; 
Kenyon and Robinson, ibid., p. 3050), for in marked contrast with 
every other simple monosubstitution reaction of aminodiphenyls 
and their derivatives there is produced a considerable yield of a 
heteronuclear-substituted product, 4'-bromo-4-acetamidodiphenyl. 

Since the above experiments showed that the arylsulphonamides 
readily undergo substitution, the bro m ination of 2- and 4-p-toluene- 
sulphonamidodiphenyls was investigated. The latter is brominated 
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exclusively in the 3-position and is then dibrominated in the 4 r -posi- 
tion, whereas 2-p-toluenesulphonamidodiphenyl is brominated in 
the 5-position and is then resistant to further substitution under the 
conditions employed. 

These results show very clearly the marked difference which exists 
in the processes of nitration and bromination. Both 2- and 4-p- 
toluenesulphonamid odiphenyls are dinitrated with the utmost ease 
in the 3 : 5-positions and although the failure to brominate 3-bromo- 
4-p-toluenesulphonamidodiphenyl in the 5-position may be attributed 
to the competitive action of the bromo- and the ^-toluenesuiphon- 
amido-group acting in the same nucleus, this explanation can scarcely 
be valid for the monobromination of 4-acetamidodiphenyl. 

The comparison of the prowesses of nitration and bromination 
was extended to include 4-methoxydiphenyl. This substance on 
bromination gave a mixture of 3-6romo- and d -bromoA-methoxy- 
dipkenyls , the yields being about 60% and 30% respectively. Both 
these monobromo-derivatives on further bromination gave 3 : 4/ -di- 
bromoA-methoxy diphenyl. In this case, therefore, there is much less 
contrast between bromination and nitration (Bell and Kenyon, 
J., 1926, 3047). 

It was intended to include 2-dimethylaminodiphenyl in this study, 
but 2-aminodiphenyl on methylation under the same conditions 
which readily produced 4-dimethylaminodiphenyl (Bell, J., 1926, 
2709) gave only 2-methylaminodiphenyL 

During the course of this work it was noticed that certain of these 
sulphonamides readily reacted with a further molecule of sulphonyl 
chloride to give disulphonamides, and it was thought of interest to 
examine this reaction in greater detail. The following results were 
obtained : 

(d) 3 ; 5-Dibromo-4-aminodiphenyl, 2 -nitro -p-toluidine, and 
6-mtro-o-toluidine reacted with the sulphonyl chloride (1 mol.) 
to give disulphonamides. The yield was not quantitative even 
when 2 mols. of sulphonyl chloride were employed, and therefore the 
velocity of disulphonamide formation must be high compared with 
that of monosulphonamide formation. 

(6) o -Nitro a nilin e and 1 : 8-dinitro - £ -naphthylamiiie with the 
sulphonyl chloride (I mol.) gave mixtures of monosulphonamide and 
disulphonamide (Bell, J., 1929, 2787). 

(c) Other a mine s gave monosulphonamides which were converted 
into disulphonamides with very different velocities. 

It would appear that the velocity of disulphonamide formation is 
determined by the tendency of the sulphonamide-hydrogen atom to 
undergo ionisation. Tor instance, the m -nitrobenzenesulphonyl 
derivatives of the nitroanilines (II) react readily with a molecule of a 
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sulphonyl chloride, whereas that of aniline (I) reacts very slowly. 
This accords with, the electron-absorbing character of the nitra-group, 
which is most easily satisfied if the hydrogen of the amino-group 

O H 9 a. JJ O ' 

— N— §^C 6 H 4 -X0 3 < )^N--S-yC 6 H 4 -NO, (II.) 

0 x ~“ / o 

Jj O 

(III.) s ^ c 6 h 4 -ch 3 

x - ■ - a 

separates with a positive charge (gives up its electron and separates 
as a hydrogen ion}. Similarly the mobility of this hydrogen atom is 
influenced by the substituents present in the benzenesulphonyl 
group. It would be expected , that p-toluenesulphonamides (III) 
should be less reactive than m-mtrobenzenesulphonamides, and this 
is actually the case. For example, under the same experimental 
conditions, m-nitrobenzenesulphon-m'-nitroanilide reacts quantit- 
atively with p-toluenesulphonyl chloride, whereas p-toluenesulphon- 
m'-nitroanilide gives only a 50% yield of the same compound when 
treated with w-nitrobenzenesulphonyl chloride. 

Sulphonamides capable of giving rise to disulphonamides will also 
undergo acetylation. For instance, p - toluenesulphon-m' -nitr o- 
anilide is easily converted into p-toluenesulphon-m r -nitroacetanilide. 
On the other hand, the acetyl derivatives of o- and m -nitroanilines 
did not react with either m-nitrobenzenesulplionyl chloride or p- 
toluenesulphonyl chloride in pyridine solution. This is comparable 
with the well-known fact that secondary amines, such as methyl- 
aniline, are readily acetylated, whereas acetylated primary amines 
cannot be methylated by shaking with methyl sulphate. 

The diminution in directing power which takes place when the 
sulphonamido- is converted into the disulphonamido-group ( J. , 
1929, 2877} is further illustrated by the fact that 5-nitro -2-di-m- 
nitrabenzenesulphonamidodiphenyl can only be converted into a 
dimtro- derivative, whereas the sulphonamido- derivative is easily 
trinitrated. Also m-nitrobenzenesulphon-m'-nitroanilide is very 
vigorously - attacked by fuming nitric acid, whereas di-m-nitro- 
benzenesulphon-m-nitroanilide can be recovered unchanged from 
this reagent. ' 

EXPERIMENTAL. 

Unless otherwise stated, sulphonamides and disulphonamides were 
prepared by interaction of the appropriate amine, or sulphonamido, 
oo2 
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and sulphonyl chloride in pyridine solution and were recrystallised 
from acetic acid. 

4:-m-Nitrobenzeiiesulphonamidodiphenyl formed colourless needles, 
m. p. 149° (Found: C, 61*3; H, 4*0. C 18 H 14 0 4 N 2 S requires C, 
61*0: H, 4*0%). 

To t his compound (15 g.) in acetic acid (150 c.c.) was added nitric 
acid (d 1*5, 15 c.c.) in acetic acid (15 c.c.). The solution rapidly 
deposited crystals which, after recrystallisation from acetic acid, 
gave pure S-nitro-4:-m-nitrobenzenesulphona7nidodiphenyl in yellow 
prisms, m. p. 170° (Found : C, 54*2 ; H, 3*3. C 18 H 13 Q 6 N 3 S requires 
C, 54*1 ; H, 3*3%). This compound (5 g.) was added in small 
portions to nitric acid (d 1*5, 12 c.c.) and after \ hour the resultant 
solution was diluted with acetic acid ; the 3:5: £ -trmitroA-m- 
nitrobenzenesulphonmnidodiphenyl thus precipitated, after crystal- 
lisation from acetic acid, formed needles, m. p. 199° (Found : C, 
44*2; H, 2*3. C^H^oN 5 S requires C, 44*2; H, 2*3%). 3 G. 
were dissolved in sulphuric acid (6 c.c.) and after £ hour the solution 
was poured into water. The resulting precipitate after crystallisation 
from pyridine gave 3:5: 4' 4rinitroA-aminodiphe?iyl as long yellow 
needles, m. p. 282° (Found : C, 46*9 ; H, 2*6. C^HgOgl^ requires 
C, 47*4; H, 2*6%). 

Z-Nitro-^-di-m-nitrobenzeTmulphonamidodiphenyl formed prisms, 
m. p. 187° (Found : C, 48*8; H, 2*8. C^H^C^oN^ requires C, 
49*3; H, 2*7%), and 2-m-nitrobenzemsulpkonamidodiphenyl colour- 
less needles, m. p. 128° (Found : C, 61*0; H, 4*1. C 18 H 14 0 4 N 2 S 
requires C, 61*0 ; H, 4*0%). 

Nitration of 2-m-Nitrobenzene&ulphonamidodiphenyl. — (a) 3 G. 
were warmed on a water-bath for 15 hours with a mixture of water 
(20 c.c.) and nitric acid (4 c.c.). The product, crystallised from 
alcohol, gave b-?iitro-2-m-nitrobenzenesulphonamidodiphenyl in plate- 
lets, m. p. 150° (Found : C, 54*3 ; H, 3*5. C 18 H 13 0 6 N 3 S requires 
C, 54*1 ; H, 3*3%). 

(6) To 4 g., dissolved in acetic acid (40 c.c.) at 70°, was added 
nitric acid {d 1*5; 3 c.c.) in acetic acid (3 c.c.) and the whole was 
maintained at 70° for J hour. On cooling, the liquid filled with pale 
yellow leaflets, m. p. ca, 145°, containing acetic acid of crystallisation. 
Feerystallised from alcohol, this product furnished pure 3 : 5-dinitro- 
2-m-niiToberizemmlphonamidodiphenyl in needles, m. p. 148° 
(Found : C,48*2; H, 2*9. CigH^Og^S requires C, 48*7 ; H, 2*7%). 
This constitution was proved by hydrolysis : a solution of the com- 
pound (1 g.) in sulphuric acid (2 c.c.) was after \ hour poured into 
water and neutralised with ammonia ; the precipitated 3 : 5-dinitro- 
2-aminodiphenyl crystallised from alcohol in yellow plates, m. p. 
182° (Beh, J., 1928, 2774). . 
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(c) 3 : 5-Dinitro-2-m-nitrobenzenesulphonamidodiphenyl (2 g.) 
was added slowly to nitric acid (d 1*5; 6 c.c.), and the solution 
poured into water. The resulting gum was filtered off, dried, and 
crystallised from benzene. After benzene had been expelled by 
heating at 120° for several hours, impure 3:5: 4' -trinitro-2-m- 
nitrobenzenesulphonamidodiphenyl was obtained as a pale yellow 
powder, m. p. 170—175° (Found : C, 44*9 ; H, 2*6. - C 18 H n 6 10 N 3 S 
requires C, 44*2; H, 2*3%). Hydrolysis of this gave 3 : 5 : 4'-tri- 
nitro-2-aminodiphenyl as prisms, m. p. 239° after recrystallisation 
from pyridine (Bell, J., 1928, 2775). 

5-Nitro-2-di-m-nitrobenzenesulphonamidodiphenyl was obtained as 
a white powder, m. p. 222° (Found : C, 49*5 ; H, 2*9. 
requires C, 49*3 ; H, 2*7%). 

This compound (2 g.) was added to nitric acid (d 1*5; 5 c.c.); 
after J hour the solution was diluted with acetic acid, and the 
resulting precipitate collected and extracted with hot acetic acid; 
5 : 4'( % )-dinitro-2-di-m-nitrobenzenesulphonamidodiphe?iyl , m. p. 240°, 
was left undissolved (Found: C, 45*4; H, 2*7. C 24 H 15 0 12 N' 5 S 2 
requires C, 45*8 ; H, 2*4%). Attempts to hydrolyse this compound 
were unsuccessful. 

j Bromination of 4- M ethoxy diphenyl . — To 4-methoxydiphenyl (8 g.) 
in chloroform (25 c.c.) was added bromine (7 g.) in chloroform 
(10 c.c.). The solution was evaporated, and the residue fractionally 
crystallised from petroleum ; it then separated into 4 f -bromo-4- 
methoxydiphenyl , plates, m. p. 144° (Found : C, 59*2 ; H, 4*0. 
Ci 3 HnOBr requires C, 59*3 ; H, 4*2%), and the more soluble 3 -bromo- 
4-meihoxy diphenyl, large prismatic needles, m. p. 79° (Found : C, 
59*6; H, 4*4%). Both compounds were identified by comparison 
with the products obtained by the methylation of the corresponding 
bromo-4-hydroxy diphenyls. 

. 3 : 4' -Dibromo-4-methoxydiphenyl . — ( a ) To a warm solution of 
4'-bromo-4-methoxydiphenyl in chloroform was added bromine 
(1 mol.) in chloroform. The mixed solution was evaporated to small 
bulk and diluted with petroleum; 3 : 4 ' -di bromo-4-methoxy diphenyl , 
in. p. 134°, then separated. 

(6) 3-Bromo-4-methoxydiphenyl treated as under (a) gave a 
product from which a 60% yield of purified 3 : 4'-dibromo-4-meth- 
oxydiphenyl was obtained (Found : C, 45*8; H, 2*9. C^H^OBrn 
requires C," 45*5 ; H, 2*9%). 

3 : 5 -Dibromo -4-methoxydiphenyl, prepared by methylation of the 
corresponding phenol, crystallised from petroleum in needles, m. p. 
87° (Found: C, 45*2; H, 2*7%). 

3 : 5 :4' -Tribromo -4-methoxydiphenyl, prepared by methylation of 
the corresponding phenol, crystallised from benzene in needles, m. p- 
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115° (Found: C, 36-7; H, 2*2. C 13 H 19 OBr 3 requires C, 36*9; 
H, 2*1%). 

Dibromination of 4,-p-Toliienesulpfa>ncmUodi phenyl . — To 7 g. in 
warm chloroform (20 c.c.) was added bromine (7*5 g.) in chloroform 
(3 c.c.). The reaction was completed on the water-bath and after 
cooling the solution was filtered from the hydrobromide of 3 : 5 : 4'- 
tribromo-4-aminodiphenyl (free base, m. p. 149° ; acetyl derivative, 
m. p. 256°). The filtrate on concentration deposited large prismatic 
needles containing chloroform of crystallisation (loss in weight on 
drying at 100° = 15*3%), which on recrystallisation from alcohol 
furnished pure 3 : 4: f -dibromoA*p-tolueMmlphmamidodipJienyl in 
prisms, m. p. 130° (Found: C, 47*1 ; H, 3*1. C 19 H 13 02HBr 2 S 
requires C, 47*4 ; H, 3*1%). 

Brornincbtlon of 4' -Brom^A-p-Uduen^sulphommidodiphenyl , — To 
5 g. in warm chloroform (20 c.c.) was added bromine (2 g.) in chloro- 
form (3 c.c.). Treated as above, this gave a small amount of 3 : 5 : 4'- 
tribromo -4-aminodiphenyl hydrobromide, the remainder being almost 
pure 3 : 4' -dibromo -4-^>- toluenesulphonamidodiphenyl . 

3 : 4: r -DibronioA-di-p4olue7iemdpkmamid’Odip}iemjl formed needles, 
m. p. 238° (Found : C, 49*1 ; H, 3*3. C 26 H 21 0 4 NBr 2 S 2 requires 
C, 49*1 ; H, 3*3%). 

3 : o-DibromoA^i-p^lueTtesulphonamidodiphenyly the only pro- 
duct which could be isolated from the interaction of 3 : 5-dibromo-4- 
jj-toluenesulphonamidodiphenyl and p-toluenesulphonyl chloride 
(1 mol.) in pyridine solution, crystallised from pyridine in needles, 
m. p. 291° (Found : C, 49*5 ; H, 3*3%). 

Brcminaiion of 2-p-Toluemsidplionamidodipheiiyl . — To 10 g. in 
chloroform (30 c.c.) was added bromine (5 g.) in chloroform (5 c.c.). 
After completion of the reaction the solution was evaporated to 
small bulk and diluted with light petroleum ; 5-bromo-2-p4oluene- 
sxdphonamidodipkmyl then separated in almost theoretical yield. 
It was recrystallised from alcohol, forming stout needles, m. p. 115° 
(Found: C, 56*9; BE, 4*0. C^H^OaNTSrS requires C, 56*7 ; H, 
4*0%), and was identical with the compound obtained by the inter- 
action of 5-bromo-2-aminodiphenyl (Scarborough and Waters, J., 
1927, 94) and ^-toluenesulphonyl chloride in pyridine solution. 

Attempts to dibrominate 2-j?-toluenesulphonamidodiphenyl re- 
sulted in the production of gummy masses containing 3 : 5 -dibromo - 
2-aminodiphenyI (compare Scarborough and Waters, loc. cit , p. 95). 

Mtihylation of 2-Aminodiplienyl. — 2-Aminodiphenyl was shaken 
with a considerable excess of methyl sulphate and sodium hydroxide* 
and the resultant oil extracted with ether. The ethereal extract was 
dried with sodium sulphate, evaporated, and the residue distilled; in a 
; vacuum* The distillate, b. p. 155°/10 mm., appeared to be a mixture 
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of substances, as it would not set solid. It was therefore dissolved in 
dilute hydrochloric acid and treated with a slight excess of sodium 
nitrite. The liquid was extracted with ether, the extract dried and 
evaporated, and the residue crystallised from alcohol. It gave stout 
prismatic needles of 2-mtrosomethylaminodiphenyl, m. p. 70° (Found : 
C, 73*7 ; H, 5*8. C 13 H 12 ON 2 requires C, 73*6 ; H, 5*7%). From the 
aqueous layer left after the ether extraction, no substance correspond- 
ing in properties with a nitroso -tertiary base could be isolated. 

Acetylation of p-Toluenesulphon-m'-niiroamlide . — This substance 
was dissolved in warm acetic anhydride and two drops of sulphuric 
acid were added. On cooling, p-tolnenemlpkon-m! -nitroacetanilide 
separated ; it formed a white powder, m. p. 165°, after recrystal- 
lisation from acetic acid (Found : C, 54*2; H, 4*3. C 15 H 14 6 5 N 2 S 
requires G, 53*9 ; H, 4*2%). 

• By the same method m-nitrobenzenesulphon-p^nitroanilide was 
converted into m-nitrobenzejiesulphon-p' -nitroacetanilide, m. p. 214° 
(Found : 0,45*8; H,3*4. C 14 H n 07N 3 S requires C, 46*0 ; H, 3*0%). 

- m-ltfitrobenzenesiilplion-m’ -niiroanilide, prisms, m. p. 151° (Found : 
C, 44*9; H, 2*9. Ci 2 H 9 Q 6 N 3 S requires C, 44*6; H, 2*8%), under- 
went vigorous nitration on dissolving in fuming nitric acid to give 
a mixture of polynitro- compounds. 

: Di-m-nitrobenzenesulphon-m'-nitroanilide, white powder, m. p. 235° 
(Found : 0, 42*2 ; H, 2*6. C 18 H 12 O 10 N 4 S 2 requires C, 42*5 ; H, 2*4%), 
was recovered unchanged after solution in fuming nitric acid. 

m~Nitrobenzene&ulphon-p4oluemmlphon-m f »nitroanilide , prepared 
by interaction of m-nitrobenzenesulphonyl chloride and p-toluene- 
sulphon-m'-nitroanilide or of p -toluenesulphonyl chloride with 
m-nitrobenzenesulphon-m'-nitroanilide, formed small needles, m. p. 
207° (Found: C, 47*4; H, 3*4. C^H^OgNgSg requires 0, 47*8; 
H, 3-1%). 

Di-p4ohiene£ulphon-m! -nitroanilide, plates, m. p. 180° (Found : 
C, 54*1 ; H, 4*1. . C 20 H 18 O 6 N 2 S 2 requires C, 53*9; H, 4*0%). 

m-Nitrobenzenesulphon-p'-nitro-Q'4oluidide 3 prisms, m, p. 189° 
{Found ; C, 46*0 ; H, 3*6. C^S^OeNgS requires C, 46*3; H, 3*3%). 

Di-m-nitrobenzemsulplwn-p' -nitro-o' doluidide, m. p. 201° (Found : 
C, 43*2 ; H, 2*7. C 19 H 14 O 10 N 4 S 2 requires C, 43*7; H, 2*7%). 

Di-m-nitrobenzenesulphon-o'-nitro-p'-toluidide , prisms, m. p. 215° 
(Found: C,43*8; H, 2*7%). 

Di-m-nitrobenzeyiesulphon-o' -nitro-o' 4oliiidide } pale yellow needles, 
m. p. 193° (Found : C, 43*4; H, 2*6%). 

Bi-p’toluenesrdphomnilide, large prismatic needles, m. p. 183° 
(Found : G, 59*7 ; H, 4*6. G 20 H 19 O 4 NS 2 requires 0, 59*8 ; H, 4*7%), 

Batteesea Polytechnic, S.W. 11. [Received, March \ lik , 1930.] 
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CXXXV . — Oxidation of p-Aminophenyltrimethyl- 

ammonium MetJiosulphate and Some Quaternary 
Ammonium Derivatives . 

By Ahmad Zaki. 

It was proposed to compare the meta -directing power of the nitro- 
and the quaternary ammonium radical in one and the same nucleus 
by nitrating p-iritrophenyltrimethylammonium salts. It was, 
however, found impossible to synthesise the p-nitrophenyltrimethyl 
ammonium salt, a fact in itself not without significance. Methyl 
sulphate, very carefully purified, and p-nitrodimethylaniline 
interacted neither in benzene solution nor when heated under 
pressure. With methyl iodide, there was no reaction at 120° and 
carbonisation took place at 165°. ^-Aminophenyltrimethyl- 
ammonium chloride was then submitted to the oxidising action of 
Caro’s salt, in the hope that the expected nitroso-derivative could 
be oxidised to the required nitro-compound. The product, how- 
ever, proved to be the corresponding azoxy- compound : 

2NH 2 "C 6 H 4 *NMe 3 Cl — > ON 2 (C 6 H 4 -NMe 3 Cl) 2 

When this was nitrated, a nitro-group entered each nucleus in the 
ortho-position with respect to the azoxy-group. 

Although comparison between the nitro- and the quaternary 
ammonium group could not be undertaken in the direct manner 
proposed, yet the superiority of the latter group over the former in 
its characteristic effects is plainly indicated by the failure to obtain 
the quaternary nitroso-compound required as compared with the 
fact that ff-nitroaniline when similarly oxidised gives about an 
80% yield of j>-nitrosonitrobenzene. The first stage in the oxidation 
of an aniline by Caro’s salt gives the corresponding phenylhydroxyl- 
amine (Bamberger and Tschiraer, Ber., 1899, 32, 1675). A meta- 
directing group in the para-position would draw more or less heavily 
for electrons on the nuclear carbon atom carrying the hydroxyl- 
amino-radical, thereby increasing the conjugation of the tertiary 
nitrogen with the nucleus, at the same time decreasing its capacity 
for oxidation. The stronger the meta-directing group the less is 
the inclination of the hydroxylamino-nitrogen towards oxidation, 
and therefore the lower the state of oxidation of the final product. 
As an azoxy-compound represents a lower stage of oxidation than 
a nitroso-compound, the quaternary ammonium group must be 
more strongly meta-orienting than the nitro-group. A circumstance 
that gives strength to the ammonium radical in the present oxidation 
is that the reaction is carried out in aqueous solution and the salt is 
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therefore almost completely ionised. Oxidation could not be carried 
out in other solvents. 

The same effect underlies the unreactivity of p-nitrodimethyl- 
aniline towards methyl sulphate and methyl iodide. If this is the 
true explanation, one would expect less resistance in the ortho- 
compound and still less in the meta-compound. Accordingly 
experiments were carried out on o- and m-nitrod i methylaniline as 
well as on dimethylaniline itself. The last compound reacted 
vigorously with methyl sulphate in the cold in benzene solution, 
with the m-eompound boiling was necessary, and no reaction 
occurred with the o-compound. The resistance of the o-eompound 
to this addition is, however, limited, as it reacts with methyl iodide 
on heating under pressure (Friedlander and Dinesmann, Monatsh.. 
1898, 19, 636). The same order obtains for the solubility of these 
anilines in acids. 

p - Dimethylaminobenzaldehyde, p - aldehydophenyltrimethyl- 
ammonium methosulphate, and nitrosodimethylaniline condensed 
readily with diketohydrindene and with p - ammophenyltrimethyl - 
ammonium chloride. 


Experimental. 

Action of Methyl Sulphate on Nitrosodimethylaniline . — The two 
substances reacted very slowly in benzene. In molecular proportion, 
without a solvent or in ethereal solution, they reacted vigorously. 
The dark red oily product was washed with ether and benzene 
and left in a vacuum over sulphuric acid for many weeks; it 
thickened considerably but failed to crystallise (Found: N, 9*9. 
C 10 H 16 O 5 N 2 S requires N, 10-2%). In aqueous solution it gave 
barium sulphate on treatment with barium chloride, but no pre- 
cipitate with perchloric or picric acid. Boiling alkali liberated a 
volatile base having the odour of dimethylamine. The compound 
would therefore appear to be the ^-methosulphate corresponding 
to the j^-methiodide prepared by Knorr (Ber., 1897, 30, 934). 

p - Acetamidophenyltrimethylammonium Methosulphate . — To a 
boiling benzene solution of p -acetamidodimethylaniline (1 mol.) 
was added a benzene solution of methyl sulphate (1*5 mols.), with 
shaking. After 10 minutes 9 boiling, the m ixture was cooled and 
the colourless crystals were collected, washed with benzene (yield, 
practically theoretical) and recrystallised from alcohol ; the metho- 
sulphate then melted at 165° (Found : C, 47*2 ; H, 6*5. C 12 H 20 O 5 N 2 S 
requires C, 47*4 ; H, 6*6%). 

; p-Aminophenyltrimethylammoniu'm Methosulphate . — The pre- 
ceding compound (1 g.) was heated on the water-bath with 10 c.c. 
of concentrated hydrochloric acid for 2| hours : titration with 
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standard sodium nitrite then showed that the hydrolysis was com- 
plete. Heating with concentrated sulphuric acid (2 c.c.) and water 
(3 c.c.) for 5 hours caused almost complete hydrolysis, but the use of 
smaller concentrations of the acid or heating for a shorter time 
resulted in incomplete hydrolysis. 

2 ?-Acetamidophenyltrimethylammonium methosulphate (3 g.) 

was hydrolysed with hydrochloric acid and then, diazotised with 
sodium nitrite (0*68 g.) at 0°. The cold solution was neutralised 
with sodium carbonate and mixed with a-naphthol (144 g.) dis- 
solved in an equivalent of aqueous sodium carbonate. After a 
few hours, addition of perchloric acid to the crimson solution pre- 
cipitated 'perchlorate, 

which crystallised from 90% alcohol in red needles, m. p. 247* 
(decomp.) (Pound : 3ST, 10*3. C 19 H 20 O 5 N 3 Cl requires N, 10*3%). 

The perchlorate of the p-naphthol compound, similarly prepared, 
had m. p. 267° (decomp.) (Found : JST, 10*1%). 

A similarly diazotised solution was treated with a-naphthylamine 
in dilute hydrochloric acid. p-K-iwra on aphili aim eazoplienyltri # 
radii ylammonium chloride , which was slowly precipitated, crystal- 
lised from alcohol-dilute hydrochloric acid in long reddish-violet 
needles, m. p. 196° (decomp.) (Found : N, 14*5. C 19 H 21 N 4 C1,HCI 
requires N,' 14*8%), 

p- DiTmthylaminobenzenmzophanyltrimethylammonmm Perchlorate . 
—Molecular quantities of mtrosodimethylaniline and p -amino - 
phenyltrimethylammonium chloride were boiled together in hydro- 
chloric acid solution and perchloric acid was then added. The 
Long brown needles of the perchlorate that had formed after 24 hours 
were recrystallised from dilute perchloric acid solution. They 
charred above 280° (Found : 1ST, 11*4. C 17 H 23 0 4 N 4 C1,HC10 4 requires 
■N, 11*6%). 

p - Dimethylam i ?iobenzylide?ie - p - ammophenyltrimethylammonium 
Perchlorate. — When ff-dimethylaminobenzaldehyde (1 mol.) and 
p - am i nophenyltrimethylanmionium chloride (1 mol.), each in hydro- 
chloric acid solution, were mixed, a greenish-yellow colour developed 
at once, indicating that the condensation in this ease takes place 
at the ordinary temperature. The mixture was boiled to complete 
the reaction, concentrated, and perchloric acid added. The copious 
precipitate obtained crystallised from dilute perchloric acid solution 
in orange-red needles, m. p. 253° (decomp.) (Found: N, 8*6. 
C 18 H 24 0 4 N 3 C1,HC10 4 requires H, 8*7%). 

Oxidation of p-Ami7u>phenyltrimethylam7mnium Chloride .- —The 
solution in hydrochloric acid obtained by hydrolysis of the acetyl 
compound (see p. 1079) was neutralised with aqueous sodium 
hydroxide, cooled with ice, and treated with the equivalent amount 
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of ammonium persulphate made into Caro’s salt by Willstatter’s 
method (Ber. } 1909, 42, 1842), The deep brownish-red solution 
of azoxybenzene-p^'-bistrimethylammonium chloride produced 
was kept for several hours and the following three salts were then 
prepared from it. 

(1) The perchlorate, ON 2 {C 6 H 4 dSMe 3 *ClQ 4 ) 2 ,. precipitated by the 

addition of perchloric acid to the. neutral or slightly alkaline solution, 
crystallised from a mixture of dilute aqueous perchloric acid and 
alcohol in needles which varied in colour from yellow to. brown and 
red. It melted and decomposed at 268°, sometimes with violent 
explosion (this property made the estimation of carbon and hydrogen 
impossible) (Pound: 10-7, 10-6, 10-8; a, 13-7. C 18 H 26 0 9 N 4 C1 2 

requires N, 10*9 ; Cl, 13*8%), and was identical with the synthetic 
perchlorate described on p. 1084. 

(2) The pier ate, precipitated from the neutral solution of the salt 

with aqueous picric acid, crystallised from much acetone and water 
(10 : 8) after several hours in needles, : m. p. 244° (decomp,). It 
w r as analysed after several crystallisations. Notwithstanding its 
explosiveness, determinations of carbon and hydrogen were 
successful twice, a large excess of copper oxide and a very long 
copper spiral being used (Found: C, 46*9, 46*7; H, 4*2, 4*2; 
N, 18*0. CgoHgoOjgN^ requires C, 46*7 ; H, 4*2; N, 18*2%). . 

(3) The ferricyanide was obtained by the addition of a solution of 
potassium ferricyanide. This salt is a very sparingly soluble, 
uncrystallisable, greenish-yellow substance. When it is boiled with 
a slight excess of copper sulphate solution, and the filtered liquid 
is freed from copper and sulphate ions by baryta, and then from 
barium by passage of carbon dioxide, the final filtrate contains the 
quaternary carbonate, from which other salts can be obtained by 
neutralising the solution with the requisite acid. 

The chloride was obtained by boiling the picrate with a large 
excess of concentrated hydrochloric acid. After cooling, the picric 
acid was removed by filtration and by repeated extraction with ether, 
and the filtrate evaporated to dryness on the water-bath. The 
deep red, glassy residue, which was extremely deliquescent, was 
crystallised, from much absolute alcohol and dried in a vacuum 
desiccator. The straw-coloured needles of the chloride quickly 
reddened in the air. The highest melting point observed was 
252° (decomp., preceded by considerable shrinkage) . 

The iodide was precipitated when solutions of the chloride and of 
sodium iodide in alcohol were mixed and was recrystallised from 
much methyl alcohol and dried in a vacuum desiccator; the orange 
plates obtained melted at 198° (decomp.). In the air the iodide 
absorbed moisture and turned brown. 



1082 zxssi : oxidation' of p -xssxs ophenyltexhethylammoniom 

Volumetric Analysis of Azoxybenzene-'p^'-bistrimethylammcmium 
Perchlorate.— This application of Knecht and Hibbert’s titanous 
chloride method (“ New Reduction Methods in Volumetric Analysis/’ 
1925) to the estimation of the azoxy-group is novel. Through a 
mixture of 0*0300 g. of the perchlorate, 100 c.c. of water, and 10 c.c. 
of concentrated hydrochloric acid, carbon dioxide was passed for 
10 minutes. The solution was then warmed to 60 — 70° and titrated 
with standard titanous chloride until the yellow colour was de- 
stroyed. Towards the end of the titration, at least 3 minutes were 
allowed after the addition of every 0*5 c.c. of the chloride, as the 
reduction was then by no means instantaneous. The end-point 
was not very sharp (Titres found : 26*2, 26*4, 26*0, 27*2 c.c. Calc. : 
25*8 c.c.). The presence of the perchlorate ion has no effect on the 
titanous chloride at the dilution used, as was proved by blank 
experiments on potassium chlorate solutions. The indirect method 
(excess of titanous chloride and back-titration) was useless. 

Nitration of Azoxybenzene-pp ' - b istrimethylammonium Salts . — 
Nitric acid alone had no nitrating action on the azoxy-chloride ; 
when the solution was evaporated to dryness, the nitrate remained. 
This crystallised from anhydrous methyl alcohol in small, light 
orange, needle-like prisms, m. p. 220 — 222° (decomp.). It was 
hygroscopic, but was practically insoluble in absolute alcohol and 
acetone (Found : N, 18*8. C 18 H 26 0 7 N 6 requires N, 19*2%). 

When the nitrate (1*5 g.) was added to concentrated nitric acid 
(10 c.c. ; d 1*42), followed by concentrated sulphuric acid (15 c.c.), 
a vigorous action took place with evolution of oxides of nitrogen 
in the cold. The solution was boiled for 1*5 hours, the resulting 
clear yellow liquid diluted and neutralised with sodium carbonate, 
and perchloric acid added. The dinitroazoxybenzene-'p'p'-bisiri- 
methylammonium perchlorate obtained crystallised from aqueous 
alcohol in deep brown crystals, m. p. 265° (decomp.) {Found : N, 
13*9. ON 2 [C 6 H 3 (N0 2 ) *NMe 3 *C10 4 ] 2 requires N, 14*0%}. The cor- 
responding chloride , obtained from the picrate by treatment with 
concentrated hydrochloric acid as previously described, crystallised 
from dilute hydrochloric acid in thin, reddish-brown, rectangular 
plates which melted with decomposition (Found: N, 17*3. 
c i8 H 240 5 N e Cl 2 requires N, 17*7%). 

The diamine produced by complete reduction of the nitro-com- 
pound with zinc and hydrochloric acid was an o-diamine, for it 
gave a deep wine colour with ferric chloride and condensed instantly 
with phenanthraquinone on the addition of a drop of alkali, giving 
a dark green precipitate. 

Dikeiohydr indene Conde?isations .-—These were undertaken with 
the object of comparing the reactivities of the nitroso- and the 
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aldehydo-group and of studying the effect on the reactivity of a 
quaternary ammonium group in the para-position. 

With nitrosodimethylaniline. Molecular quantities of diketo- 
hydrindene and nitrosodimethylaniline were boiled together in 
absolute alcohol for 3 minutes. At once, a deep blood-red colour 
developed and a crystalline compound separated ; this, after being 
washed with absolute alcohol and dried, melted at 210° (decomp.) 
(Found : N, 9-8. C 17 H 14 0 2 N 2 requires N, 10*1%). 

With -p-dimethylaminobenzaldeh'i/de. The condensation was 
carried out as in the last experiment and took place just as quickly. 
The product separated from alcohol in crystals with a blue lustre, 
m. p. 99 — 100° (compare Noelting and Blum, Ber., 1901, 34, 2467). 

With p-aldehydophenyltrimethylammonium methosulphate. Equi- 
molecular quantities of the methosulphate (see below) and diketo- 
hydrindene were boiled in absolute alcohol. The colour changed 
from yellow to orange and the reaction was complete in less than 
5 minutes. Water was then added and the solution was extracted 
with benzene to remove any excess of diketohydrindene and boiled. 
On standing, the product separated in deep orange needles, which 
were washed with a little alcohol and dried; m. p. 243° (decomp.) 
(Found : N, 3*5. C 20 H 21 O 6 NS requires N, 3*5%). 

With the azoxy -quaternary salts . These were recovered unaltered 
when a similar condensation was tried with them. 

Tp-Aldehydophenyltrimethylammonium Methosulphate . — Pure dry 
methyl sulphate was mixed in slight excess with ff-dimethylamino* 
benzaldehyde and warmed very gently to start the reaction, which 
proceeded rather violently. The voluminous frothy product, 
on cooling, changed to a small, dark red, glassy mass which became 
crystalline in a few hours. The methosulphate , recrystallised from 
hot methyl alcohol, formed long yellow needles, which were washed 
with ether dried over sodium. They were extremely soluble in 
water and melted at 138 — 139° (Found : N, 5*2 ; OMe, nil. 
Ci 1 H 17 0 5 NS requires N, 5*1%). 

The perchlorate was precipitated from a solution of the metho- 
sulphate as an oil which slowly solidified. It crystallised from 
dilute perchloric acid solution after some time in yellow plates, 
m. p. 140 — 141° after being washed with absolute alcohol and dried. 
It was appreciably soluble in water and puffed strongly when heated 
in a flame (Found : N, 5*4. C 10 H 14 O 5 NCl requires N, 5*3%). 

Benzylideneaniline -pp' - bistrimethylammonium Perchlorate . — p- 
Aminophenyltrimethylammonium chloride in hydrochloric acid 
solution was boiled with an equivalent quantity of p-aldehydo- 
phenyltrimethylammonium methosulphate and perchloric acid 
was then added; after 2 days, long, thin, slightly yellow needles 
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had formed. These when dry became deep red at 240° and charred 
at about 260°. Heated in a flame, the compound exploded (Found : 
N, 8*2. G 19 H 27 0 8 N 3 C1 2 requires N, 8*4%). 

Addition of Methyl Sulphate to pp '-Tetramethyldi aminoazoxy- 
benzene . — Methyl sulphate (1J mols.) was added to the base (1 mol.), 
and enough benzene to ensure its solution on boiling, which was 
continued under reflux for an hour. The benzene was then decanted, 
the product washed with ether, and the cofiee-brown crystalline 
residue dissolved in water. Addition of perchloric acid precipitated 
a perchlorate which, after being crystallised from alcohol-dilute 
perchloric acid solution and dried, melted, alone or mixed with the 
azoxy-perchlorate described on p. 1081, at 268° (decomp.). The two 
picrates also were identical. 

m -Itfitrophenyltrimethylammonium Methosulphate. — -A mixture of 
m-nitrodimethylaniline (28 g. ; T mol.); methyl sulphate (30 g. ; 
1*5 mols.), and benzene (25 c.c.) was heated in a water-bath for 
1 hour. The heavy oil produced solidified on cooling, and after 
decantation of the benzene and washing with ether the residue 
crystallised from slightly aqueous alcohol in thin needle-like plates, 
m. p. 220°, which were very soluble in water (Found: N, 9*5. 
C 10 H 16 O 6 N 2 S requires N, 9*6%). • 

The picrate crystallised from water in yellow prismatic plates, 
m. p. 150° (decamp.} (Found: KT, 17*1, G 15 H 15 0 9 N 5 requires 
N, 17*1%), and the perchlorate from dilute perchloric acid solution 
in white feathery needles, m. p. 230 — 232° (decomp.) (Found : 
N, 9*9. C 9 H 13 0 6 N 2 GT requires N, 10*0%). 

The iodide , obtained by adding a concentrated solution of sodium 
iodide to a solution of the methosulphate, crystallised from water 
in large white needles, m. p. 202° (Found : N, 8*9. C 9 H 13 0 2 N 2 I 
requires N, 9*1%). 

Phenyltri methylammon ium Methosulphate . — When a solution of 
dimethylaniline (30 g. ; 1 mol.) in benzene (20 c.c.) was treated with 
methyl- sulphate (30 g. ; 1 mol.), it soon got hot and the benzene 
boiled away even through a reflux condenser. The oily product 
quickly solidified and then crystallised from acetone in colourless 
needles. The perchlorate, precipitated with perchloric acid from a 
solution of the methosulphate, crystallised from dilute perchloric 
acid solution in colourless needles (Found: N. 5*S. C 9 H 14 0 4 NC1 
requires N, 5*9%). 

Manchester University, and the Ralph Forster 
Laboratories op Organic Chemistry, 

University College, London- [Received, February lQth f 19 ^ 0 .] 
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CXXXVI —The Action of Fuming Nitric Acid on the 
4:-Hctlogeno-2 : Q-dibromo-phenols and - anisoles . 

Aiiomalous Behaviour of Fluorine Derivatives . 

By Herbert Henry Hodgson and Joseph Nixon. 

Kohn and Rosenfeld (Monatsh., 1925, 46, 101) prepared 4-chloro- 
2 : 6 - dibr omo - 3 -nitr o - and -3 ; 5 - dinitro - anisoles by the nitration of 
4-chloro-2 : 6-dibromoanisole and of the mononitrated product. In 
an attempt to repeat their reaction with 4-fluoro-2 : 6-dibromo- 
anisole, the product obtained was 2 : 6-dibromo-p-benzoquinone and 
consequently it appeared of interest to submit each of the 4-halogeno- 
2 : 6-dibromo-phenols and -anisoles to the action of fuming nitric 
acid in order to ascertain the role of the 4-halogen. All the phenols 
except the 4-iodp-compound (which was destroyed) gave 2 : 6-di- 
bromo-^-benzoquinone, Kohn and Rosenfeld’s results with 4-chloro- 
2 : 6-dibromoanisole (loc. cit.) were confirmed, and 2:4: 6-tribromo- 
anisole behaved similarly, i.e., was mono- and di-nitrated. 4-Iodo- 
2 : 6-dibromoanisole, however, reacted anomalously to form 2 : 6-di- 
bromo-4-nitroanisole . 

The mechanism of reaction in the case of 4-fluoro-2 : 6-dibromo- 
anisole can be regarded as a three-stage operation, viz., the combined 
general effect (Allan, Oxford, Robinson, and Smith, J., 1926, 401) of 
the three halogens rendering the methyl group sufficiently mobile 
(positive) for detachment and oxidation (I) ; rearrangement of the 
residue to the quinonoid form (H), facilitated by the same general 
effect; and subsequent attack by oxygen (HI) with separation of 
ionic fluorine (IV). The same mechanism will also apply to the 
phenols. 



(I.) (II.) (III.) (IV.) 


In the 4-chloro- and 4-bromo-2 : 6-dibromoanisoles, the combined 
general effect of the halogens is inadequate to produce the necessary 
reactivity (positivity) of the methyl group, and so normal nitration 
occurs. The above general effect is still further reduced in 4-iodo- 
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2 : 6 - di br om oa nisole . and consequently the methyl group remains 
intact, but the electron- donating power of the iodine is now sufficient 
to enable kationoid attack by the nitric acid to take place at the 
4-carbon atom with nitration and elimination of iodine. 

That fluorine exerts a far greater general effect than the other 
halogens is shown by the relatively much greater solubility of %>• 
fluorophenol in water (indicating considerable ionisation) than is 
exhibited by the other p-halogenophenols, the order being F>C1> 
Br>I, in accord with the order of general effects. 

Experimental. 

Preparation of ]>-Flu oropk&nol. — p -Fluor onitrobenzene, obtained 
in 25% yield by the authors’ method for m - fl uoronitrobenzene ( J ., 
1928, 1879), was reduced by means of tin and hydrochloric acid to 
p-fluoroaniline, which was converted into ^-fluorophenol by the 
standard procedure (Hodgson, E.P. 200,714). 

4 -Fluoro-2 : 6-dibromophenol was obtained when a solution of 
p-fluorophenol (11*2 g.) in water (250 c.c.) was treated gradually and 
shaken vigorously with a solution of bromine (10 c.c. ; 2 mols.) in 
water (80 c.c.) containing potassium bromide (27 g.). The volumin- 
ous white precipitate produced was filtered off and washed with 
water ; it crystallised from dilute alcohol in colourless needles, m. p. 
48° (Found : Br, 59*2. C 6 H 3 OFBr 2 requires Br, 59*3%). 

4c-Fluoro-2 : %-dibromoan isole Methylation of the above phenol 
was best carried out by Haworth and Lapworth’s procedure in 
xylene solution with methyl sulphate and potassium carbonate (J., 
1923, 123 , 2986), the direct method with methyl sulphate and caustic 
alkali giving poor yields. The product crystallised from light 
petroleum in small colourless needles, m. p. 55° (Found : Br, 56*5. 
C 7 H 5 OFBr 2 requires Br, 56*3%). 

Action of Fuming Nitric Acid on the 4c-Halogeno-2 : Q-dibromo - 
phenols and - anisoles . — General procedure. The substance (5 g.) 
was dissolved in ice-cold nitric acid (50 c.c.; d 1*5), the mixture 
poured after 15 minutes on ice, and the resulting precipitate crystal- 
lised from alcohol. 

Results. (1) 4-Fluoro-2 : 6-dibromo-phenol and -anisole each 
gave 2 : 6-dibromo-p-benzoquinone, m. p. and mixed m. p. 130 — 
131° (Found : Br, 59*9, 60*2. Calc. : Br, 60*1%). 

(2) 4-Chloro-2 : 6-dibromophenol gave 2 : 6-dibromo-p-benzo- 
quinone, whereas 4-ebloro-2 : 6-dibromoanisole gave 4-ehloro-2 : 6-di- 
bromo-3-nitroanisole, m. p. 58°, and this on further nitration with a 
mixture of fuming nitric and concentrated sulphuric acids gave 
4-chloro-2 : 6-dibromo-3 : 5-dinitroanisole, in. p. 146° (compare 
Kohn and Bosenfeld, loc. cit.) . 
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(3) 2:4: 6-Tribromophenol gave 2 : 6-dibromo-p-benzoquinone, 
and 2:4: 6-tribromoanisole gave 2:4: 64ribromo-3-nitroanisole, 
which crystallised in small colourless plates, m. p. 82° (Found : N, 
3-9 ; Br, 61*8. G 7 H 4 0 3 NBr 3 requires N, 3*6 ; Br, 61*5%), and gave 
2:4: 64ribromo- 3 : 5-dinitroanisole, which crystallised from alcohol 
in colourless needles, m. p. 148° (Found: 1ST, 6*6; Br, 55*5. 
C 7 H 3 0 5 N 2 Br 3 requires 1ST, 6*4; Br, 55*2%), on further nitration as 
above. 

(4) 4-Iodo-2 : 6-dibromophenol (m. p. 105°; prepared by direct 
dibromination of ^p-iodophenol in glacial acetic acid ; compare King 
and McCombie, J., 1913, 103, 222) was completely destroyed by 
ice-cold fuming nitric acid. 

2 : §-DibromoA-iodoanisole, prepared from the above phenol by 
Haworth and Lapworttfs method (loc. cit.), crystallised from light- 
petroleum in colourless needles, m. p. 78° (0*1310 g. gave 0*2040 g. of 
mixed silver halides. Calc.: 0*2036 g.). On nitration with fuming 
nitric acid as above, 2 : 6-dibromo-4-nitroanisole was obtained, 
which crystallised in long colourless needles ; the m. p. and mixed 
m. p. with an authentic specimen, prepared by dibromination of 
2>-nitrophenol and subsequent methylation, was 122° (Found : N, 
4*8; Br, 51*7. Calc.: N, 4*5; Br, 51*5%). 

The authors desire to thank the British Dyestuffs Corporation 
for gifts of chemicals. 

Technical College, Huddersfield. [Received, March 13 tk, 1930 .] 


CXXXVII . — Polycyclic Aromatic Hydrocarbons . Part I. 
1- and 2-Phenylanthracenes and Derivatives of 
1 : 2-Benzanthracene. 

By James Wilfred Cook. 

The substance responsible for the cancer-producing properties of 
tars and mineral oils is probably a polycyclic aromatic hydrocarbon 
of very high boiling point, and the hydrocarbons to be described in 
this and subsequent communications have been prepared in the 
course of a search for an active carcinogenic substance of known 
structure. The correlated experiments on animals are being con- 
ducted by E. L. Kennaway and the fluorescence spectra. of the pure 
hydrocarbons have been examined by I. Hieger for comparison with 
the characteristic banded spectrum of tars and other cancer- 
producing mixtures (for example, the products of the action of 
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aluminium chloride upon 1:2:3: 4-tetrahydronaphthalene) . The 
results of Kennawav and Hieger are published elsewhere ( Biochem . 
J., in the press). 

Of the three possible structural isomerides of monophenylanthra- 
eene only the w&so-compound has hitherto been described. 1- 
and 2-Pkenylan thracenes hare now been prepared, the former by 
pyrolysis of 2-o 4ohwyldipkenyl (I ; R = Ph) obtained from 
magnesium 2-diphenylyl iodide and o-toluoyl chloride, and the latter 
by reduction of 2-phenyl-9 -ant krone : 


R R R 



(I.) (R = Ph or Me) 


1- Phenylanthracene resembles 1-methylanthraeene in its ready 
solubility and fusibility, whereas 2-phenylanthracene, like the 

2- methyl compound, is sparingly soluble and high-melting. When 
di-o-tolyl ketone (I ; R = CH 3 ), prepared from magnesium o-tolyl 
bromide and o-toluoyl chloride, was boiled for a long time, it under- 
went the condensation of an o-methyl benzophenone derivative to 
an anthracene derivative discovered by Elbs (Ber,, 1884, 17, 2848; 
1886, 19, 408; J. pr. Chem 1886, 33, 185; 1887, 35, 471; 1890, 
41, 1) and recently extended by Morgan and Coulson (J., 1929, 
2203, 2551) and by Ciar and his co-workers (. Ber 1929, 62, 351, 940, 
951, 1574, 3021). The product was not 1-methylanthracene, 
however, but anthracene itself, one methyl group being eliminated 
from the ketone. This observation emphasises the need for con- 
firmation of structures assigned to a-alkylanthracenes obtained by 
pyrogenic means. For instance, H. Meyer and Bernhauer ( Monatsh 
1929, 53 and 54, 731) obtained an anthracene hydrocarbon, m. p. 
199°, by distillation of benzyl-o-xylene, but were in error in regard- 
ing their product as 1-methylanthracene, which has been shown by 
several investigators to melt at 86° (e.g., von Braun and Bayer, 
Ber., 1926, 59, 916). The formation of 1 : 3-dimethylanthracene 
by pyrolysis of benzylmesitylene (Louise, Ann, Chim 1885, 6, 185) 
shows that this loss of a-methyl groups is not universal. 2-Methyl- 
anthraeene and its derivatives have frequently been obtained by 
pyrogenic methods (e.#., Eng; Pate, 251,270 ; 253,911 ; Elbs, foe. cit ; 
Morgan and Coulson, lee. tit.), but no case of loss of a (3-methyl 
group appears to have been recorded. 

Phenyl-1 : 2-benzanthracene (III) was formed by pyrolysis of 

(II), obtained from 2-methyl- 
mphthatemiand p-phenylbenzoyl chloride ; 
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Reduction of 3 -methyl- 1 : 2-benzanthraquinone (Scholl and 
Tritsch, Monatsh., 1911, 32, 997) with zinc dust and potassium 
hydroxide, although slow and incomplete, led to 3-methyl-l : 2- 
benzanthracene. 1 : 2-Benzanthraquinone reacted normally with 
magnesium phenyl bromide to give 9 : 10-diphenyl-§ : lQ-dikydro- 
l ; 2-benzanthraquinol, which was reduced by zinc dust, in boiling 
acetic acid to 9 : 10 -diphenyl-1 : 2-benzanthracene. Subsequent to 
this preparation these two compounds were described by Clar (Ber. y 
1930,63,118), 

1 : 2-Benz-10-anthrone (IV), formed by dehydration of 1-naphthyl- 
phenylmethane-2 ' - carboxylic acid, was converted by benzoic 
anhydride in pyridine solution into 1 : 2-benzanthranyl 10-benzoate, 
m. p. 171°, whereas reduction of 1 : 2-benzanthraquinone with 
aluminium powder and concentrated sulphuric acid led to an 
anthrone (V), which gave the isomeric 1 : 2-benzanthranyl 9-benzoate, 
m. p. 202 — 203°. These two benzoates were obtained by Barnett 
and Matthews ( Chem . News , 1925, 130, 339) from the mixture of 
anthrones obtained by reduction of benzanthraquinone with tin 
and hydrochloric acid and the methods of preparation now given 
require transposition of the orientations suggested by these authors. 



1 : 2- Benz- 10 -anthrone reacted normally with magnesium benzyl 
chloride. The resulting 10-hydroxy-lQ-benzylS : 10-dihydro-l : 2- 
henzmthmcene was dehydrated to 10-benzyl-l : 2-benzanthmcene, 
and the same hydrocarbon was also formed in small yield when 
1 ; 2-benzanthracene was heated with benzyl chloride and zinc dust 
in carbon disulphide solution (compare Lippmann and Fritseh, 
Monatsh ., 1904, 25, 793), Treatment of 1 : 2-benz-10-anthrone 
with magnesium methyl iodide yielded only resinous products, and 
the same remark applies to the action of magnesium benzyl chloride 
on 1 : 2-benz-9-anthrone, 

With the object of obtaining intermediate compounds from 
which 9 : 10-dibenzyl- 1 ; 2-benzanthracene might be prepared 
by a method analogous to that previously used for dibenzyh 
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anthracene (Barnett and Cook, J., 1928, 567), 1 : 2-benz-9-anthrone 
and 1 : 2-benz- 10-ant krone were heated with benzyl chloride and 
potassium hydroxide solution. Both anthrones yielded only 
resinous products. When 1 : 2-benzanthraquinone was heated with 
benzyl chloride and alkali in presence of sodium hydrosulphite, 
similar resinous products were formed, together with a small amount 
of a substance which had the composition and properties of a 
benzyloxybenzanthracene . Such a compound might conceivably be 
formed by monobenzylation and reduction of 1 : 2-benzanthraquinol. 
The anticipated benzylhydroxybenzanthrone was not isolated. 

3 - Acenaphthylphenylmet hane-2 ' -carb oxylic acid was completely 
sulphonated in 2 hours by concentrated sulphuric acid at room 
temperature, but was dehydrated by zinc chloride to acenaphth- 
anthrone (VI), not obtained pure but characterised as the acetate 
of its end. This anthrone was reduced by zinc dust and sodium 
hydroxide to acenaphtJiantfiracene (VII) and was converted by 
magnesium benzyl chloride into an unstable dihydroanthranol 
which passed into benzylacenaph than thracene (VIII) : 



An attempt to condense acenaphthylene with phthalic anhydride 
was unsuccessful, the acenaphthylene being polymerised by alumin- 
ium chloride to the polyacenaphthylene, m. p. 345 — 350°, described 
by Dziewohski and Leyko (Ber., 1914, 47, 1685). 

Experiments are in progress which have as their object the 
preparation of derivatives of chrysene and other condensed 4-ring 
hydrocarbons together with more highly condensed compounds. 
It is probable that 3 : 4-benzphenanthrene has not yet been pre- 
pared, since the compound so described by Weitzenbock and Lieb 
{Momish., 1912, 33, 564) may equally well be 1 : 2-benzanthracene, 
which has more recently been shown to have the same m. p. as their 
hydrocarbon. 

Experimental. 

Phenylanthracenes. 

Q-lododvpkmyl . — This compound was mentioned by Bachmann 
and Clarke (J. Amer . Clem. Soc 1927, 49, 2049), who gave no 
description of its preparation. It was readily obtained in 70 % yield 
by the addition of a concentrated aqueous solution of potassium 
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iodide to a diazotised solution of o-aminodiphenvl * in dilute sulphuric 
acid. The crude iodo- compound was twice distilled in a vacuum 
and then formed a colourless viscous oil, b. p. 140°/3 — 4 mm. 
(Found : C, 53*2; H, 3*5. C 12 H 9 I requires 0, 51*4 ; H, 3*2%). 
The high figure obtained for carbon was probably due to the presence 
of diphenyl, but the substance was sufficiently pure for the subse- 
quent experiments. 

2-o -Toluoyldiphenyl (I; R = Ph). — A Grignard solution prepared 
from o-iododiphenyl (20 g.), magnesium turnings (1*7 g.), and ether 
(45 c.c.) was added slowly, with agitation, to o-toluoyl chloride (10 
c.c.) diluted with ether (30 c.c.) and cooled to —10°. After J hour 
at — 10°, the solution was allowed to warm slowly and then boiled 
for an hour. The product was decomposed with ice and hydro- 
chloric acid, and the crude ketone freed from' unchanged acid 
chloride by passing steam into its alkaline suspension for \ hour. 
It was then dried in ethereal solution with sodium sulphate and 
distilled in a vacuum. The chief fraction was collected at 190 — 192°/ 

3 — 4 mm. The distillate, a yellowish syrup, was obtained in 55% 
yield as a colourless crystalline powder, m. p. 66 — 67°, by crystallis- 
ation from light petroleum (Found : C, 88*3 ; H, 5*95. C 20 H 16 O 
requires C, 88*2; H, 5*9%). This ketone gave a yellow solution in 
concentrated sulphuric acid. 

\-Phenylanihracene. — The aforesaid ketone (5 g.) was boiled 
gently for 7| hours, and the product distilled. The red wax-like 
distillate was triturated with acetic acid and the solid in suspension 
was collected after 2 days and recrystallised from alcohol. The 
product (0*85 g.) was obtained pure by recrystallisation from ligroin 
and then twice from alcohol. It formed small, pale yellow prisms, 
m. p. 110 — 112°, readily soluble in the usual media (Found : C, 94*1 ; 
H, 5*6. requires C, 94*5 ; H, 5*5%). 

2 -PhenylantJiracene. — 2-Phenyl-9-anthrone (5 g.) (Scholl and 
Neovius, Per., 1911, 44, 1078) was reduced “with zinc dust (15 g.) 
activated with copper, and 2A r -sodium hydroxide solution (100 c.c.). 
The product, after extraction of the zinc with hydrochloric acid, was 
recrystallised from methyl ethyl ketone and then from ethyl acetate. 
2-Phenylanthracene formed small, pale yellow leaflets, m. p. 207 — 
207*5°, sparingly soluble in most media (Found : C, 94*2 ; H, 5*4%). 

Di-o4olyl Ketone . 

A Grignard solution prepared from o-bromotoluene (36*5 g.), 
magnesium turnings (5*1 g.), and ether (100 c.c.) was added slowly, 
with agitation, to o-toluoyl chloride (30 c.c.) diluted with ether (100 

* The author is indebted to Professor G-. T. Morgan, F.R.S., for a gift of 
the o-aminodiphenyl used in this experiment. 
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c.e.) at — 19°. After J hour the solution was allowed to warm and 
then boiled for an hour. . The product was decomposed with ice 
.and hydrochloric acid, and the crude ketone freed from unchanged 
o-toluoyl chloride and distilled (b> p. 307—308°). The solid distillate 
was recrystallised from methyl alcohol (yield, 25 g.) and then formed 
colourless needles, m. p. 64—67° (Found : C, 85-6 ; H, 6*5. C 15 S 14 0 
requires C, 85-7; H, 6*7%). 

Pyrolysis . Di-o-tolyl ketone (5 g.) was boiled gently for 24 hours, 
and the product distilled. The distillate was diluted with alcohol 
and the resulting crystals were collected and recrystallised from 
ethyl acetate, forming colourless plates, shown by the method of 
mixed melting points to consist of pure anthracene. After removal 
of the solvents from the mother-liquor, oxidation of 1116 residue 
with chromic acid in glacial acetic acid yielded anthraquinone but no 
anthraquinonecarboxylic acid. 

Derivatives of 1 : 2-Benzanthracene . 

6-Phenyl- 1 : 2-benzanthracene. — (i) Anhydrous aluminium chloride 
(11*5 g.) was slowly added to 9*4 g. of p-phenylbenzoyl chloride* 
(Scholl and Seer, Annalen , 1912, 394, 148 ; Wieland and others, 
ibid., 1927, 452, 7) and 2-methylnaphthalene (6*5 g.) in carbon 
disulphide (50 e.c.). After 3 hours, the reaction was completed by 
J- hours’ heating on the water-bath. The product was decomposed 
with ice and hydrochloric acid, the carbon disulphide distilled o if, 
and the steam-volatile by-products removed. The residue was dried 
and distilled in a vacuum (b. p. 265°/ 4 — 5 mm.). The distillate, an 
amber-coloured resin, was dissolved in hot Hgroin, and the solution 
cooled. The resulting crystalline solid was obtained analytically 
pure by two recrystallisations from methyl alcohol. l-j)-Phenyl- 
bmzoyl-2-methylnaphthakne (II) formed colourless needles, m. p. 
109—110° (Found: C, 89*4; H, 5*6. C 24 H 18 0 requires C, 89*4; 
H, 5*6%). The solution in sulphuric acid was cherry-red. 

(ii) 1 -p -Phenylbenzoyl- 2-m ethylnaphthalene (4 g.) was boiled 
gently for f hour, and the dark-coloured residue distilled. The 
distillate was recrystallised from benzene (yield, 0*3 g.) and then 
from ethyl acetate. 6-Phenyl-l : 2 -benzanthracene (III) formed pale 
yellow leaflets, m. p. 240 — 241° (Found : C, 94*4; H, 5*3. C 24 H 16 
requires G, 94*7; H, 5-3%). This compound gave a crimson solu- 
tion with a yellowish-green fluorescence in concentrated sulphuric 
acid. On gentle warming, the colour became purple and then 

* j3-Pheny3benzokj acid was obtained in good yield by oxidation of 4-aeetyi- 
diphenyl (Adam, -Ann. Chim., 188$, 15, 255) with boiling alkaline potassium 
permanganate. 
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intensely blue. This colour reactionis shown by 1: 2-benzantkracene 
itself and also -by all. its hydrocarbon derivatives so far examined 
with the exception of the 9 : 10-diphenyl derivative. 

3 -Methyl-l : 2-benzanthracene, — 3-Methyl-l : 2-benzanthraquinone 
{5 g.), mixed with zinc dust (15 g.), was heated on the water-bath 
•with concentrated aqueous ammonia (50 c.c.) diluted with water 
(25 c.c.). After 3 hours,: the initial blood-red colour had faded to 
pale yellow but was restored by the addition of 50% potassium 
hydroxide solution (25 c.c.). After boiling for 20 hours, the solution 
was treated with a further 5 g. of zinc dust and then boiled for 50 
hours. Seduction was still incomplete, but the product was: Col- 
lected and zinc removed by hydrochloric acid and unchanged 
quinone by boiling alkaline sodium hydrosulphite solution. The 
residue was recrystallised from' pyridine and alcohol, glacial acetic 
acid, and benzene-light petroleum. %-Meihyl-l : 2-benzanthracene 
formed almost colourless plates, m. p. 153—154° (Found: C, 94-1;: 
H, 5*3. C 19 H 14 requires 94*2; H, 5*8%). 

1 : 2-Benz-IO-anthrone (IV). — Twenty g. of 1-naphthylphenyl- 
methane-2'-carboxylie acid (Scholl r Seer, and Zinke, Monatsh 
1920, 41, 601) were intimately mixed with anhydrous zinc chloride 
(60 g.) and heated at 180* for 20 minutes. The molten mass was 
cooled and extracted with water and then with dilute sodium 
carbonate solution, the latter treatment removing a small amount 
of unchanged acid. Purification of the crude anthxone (16 g.) was 
not feasible on account of its instability. This method of preparation 
gave much better results than dehydration of the acid with concen- 
trated sulphuric acid, which led to considerable oxidation and 
sulphonation. 

1 : 2-Benzanthranyl 10-benzoate was formed when the anthrone 
was treated with benzoic anhydride and pyridine at 100°. It melted 
at 171—172°, in agreement with the figure given by Barnett and. 
Matthews (loc, cit,) for the compound which they suggested was the 
9-benzoate. 

1 :2-Benzanthranyt 10 -acetate was obtained when the above 
anthrone (3 g.) was treated at 100° for an hour with acetic anhydride 
(8 c.c.} 1 and pyridine (20 c.c.)/ It formed straw-coloured needles, * 
from benzene and alcohol, which melted at 156° to a cloudy liquid, 
becoming clear at 163° (Found: C, 83*7; H, 4*85. C 20 H 14 O 2 
requires C, 83*9 ; H, 4*9%). 

10-Hydroxy-10-benzyl-Q : 10-dihydro-l 1 2-benzanthracene. — To a 
Grignard solution prepared from benzyl chloride (6 c.c.) and 
magnesium powder (1*5 g.), cooled in a freezing mixture, was added 
finely powdered 1 : 2-benz-IO-anthxone (IV ; 5 g.). After 2 hours, 
the product was allowed to warm to room temperature,; kept over- 
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night, and decomposed with ice and ammonium chloride. The 
washed ethereal solution was evaporated, and the residual oil mixed 
with 2 volumes of hot alcohol. The crystalline solid obtained by 
cooling was recrystallised from benzene-light petroleum (Found : 
C, 89-2; H, 5*9. C^H^Q requires C, 89*3; H, 5*95%). This 
dihydroanihranol formed a colourless crystalline powder, m. p. 
153 — 153*5°. Treatment of its solution in boiling alcohol with a 
few drops of hydrochloric acid resulted in separation of a thick meal 
of crystals of 10-benzyl-l : 2-bmzcmthracene , yellowish 1 leaflets (from 
benzene), m. p. 195 — 196°, intensely fluorescent in solution (Found : 
C, 94*1; H, 5*6. C 25 H 18 requires C, 94*3; H, 5*7%). The same 
compound was also obtained in small yield when 1 : 2-benzanthracene 
(6*4 g.), benzyl chloride (6*75 e.c.), and zinc dust (0*5 g.) were heated 
together in carbon disulphide (50 c.c.) for 16 hours. After removal 
of the solvent from the filtered solution a viscous oil remained. Its 
ethereal solution slowly deposited the 10-benzyl-l : 2-benzanthracene. 

1 ; 2 -Be nz-9-anthrone (V). — This was obtained when aluminium 
powder (12*5 g.) was slowly added with occasional cooling to a 
solution of 1 : 2-benzanthraquinone (50 g.) in concentrated sulphuric 
acid (500 c.c.). After 3 hours, the orange-yellow solution was 
poured into ice and water, and the precipitate collected and dried in 
a vacuum desiccator. The resulting brown powder was recrystal- 
lised from chloroform, in which it was extremely easily soluble. It 
could not be obtained analytically pure on account of its instability, 
but was converted by benzoic anhydride in pyridine into the benzoate, 
m. p. 201 — 202°, described by Barnett and Matthews (loc. cit.). 
This benzoate, which depressed the m. p. of the 10-benzoate, is 
clearly 1 : 2-benzanthranyl 9-benzoate. 

Benzylation of Benzanthraquinol. — A boiling suspension of 1 : 2- 
benzanthraquinone (5*2 g.) in 10% potassium hydroxide solution 
(100 c.c.) was treated with excess of sodium hydrosulphite and then 
with benzyl chloride (4*6 c.c.). After 2 hours’ boiling, addition of 
more potassium hydroxide solution (20 c.c.) and benzyl chloride 
(1 c.c.) resulted in rapid fading of the red colour of the solution. 
Steam- volatile products were removed and the residual resin was 
dissolved in hot alcohol. The solution yielded, on cooling, a small 
amount of crystalline material, which was recrystallised from 
benzene and alcohol. The substance, probably 10-benzyloxy-l : 2- 
benzantJiracene, formed colourless needles, m. p. 178 — 179°. Its 
solutions in benzene and in sulphuric acid were fluorescent, and 
alcoholic alkali produced no “ anthranol colour ” (Found : C, 90*1 ; 
H, 5*6. C 25 H ls O requires C, 89*8 ; H, 5*4%). 

Acenaphthanthrone (VI). — 3-Acenaphthylphenylmethane-2'-carb- 
oxyhc acid (12 g.) s prepared by reduction of the corresponding keto- ~ 
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acid with zinc and sodium hydroxide (compare Lorriman, J. Amer. 
Chem. Soc 1925, 47, 215), was dehydrated with zinc chloride (36 g.) 
in the manner described for the preparation of 1 : 2-benz-10-anthrone. 
The acenaphthanthrone, obtained in good yield, had little power 
of crystallisation and was characterised as the acenaphthanihranyl 
acetate, obtained with acetic anhydride and pyridine at 100° and 
recrystallised from xylene. This acetate formed straw-coloured 
needles, in. p. 229 — 230° (Found: C, 84*5; H, 5*15. C22H 16 0 2 
requires C,84*6; H, 5*1%). 

AcempMlianthracene (VII). — The aforesaid anthrone (from 12 g. 
of acid) was reduced by boiling for 16 hours with zinc dust (35 g.) 
and 2 V- sodium hydroxide solution (200 c.c.). The product, after 
extraction of zinc with hydrochloric acid, was crystallised from 
acetic acid (yield, 4 g.) and obtained analytically pure by recrystal- 
lising it twice from xylene and twice from benzene. This hydro- 
carbon formed yellow plates, m. p 192°, and gave the usual benz- 
anthracene colour reaction with sulphuric acid (Found: C, 94*5; 
H, 5*5. C 20 H 14 requires C, 94*5; H, 5*5%). 

10 -Beiizylacenaphthanthracene (VIII). — -Acenaphthanthrone (VI ; 
1 mol.) was treated with magnesium benzyl chloride (3 mols.) as 
described in the case of 1 : 2-benz-10-anthrone. The intermediate 
dihydroanthranol was unstable and partly dehydrated to the hydro- 
carbon even by boiling alcohol. Conversion was completed by 
crystallisation from glacial acetic acid and the product was finally 
recrystallised twice from ethyl acetate. 1 0 - Benzylacen aphth - 
anthracene formed pale yellow needles, m. p. 199 200° (Found. 
C, 93*9 ; H, 5*8. C 27 H 20 requires C, 94*2 ; H, 5*8%). 


The author desires to express his thanks to Mr. F. Goulden for 
valuable assistance in the preparation of material. 
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CXXXVIIL — The Dismutation of Some Disulphides . 

By Ernest Wilson McClelland and Leonard Arthur 
Warren. 

Further investigation of 2 : 2'-oo'-dithiodiphenyl-4 : 5-dihydro- 
glyoxaline (I) (McClelland and Warren, J., 1929, 2623) shows that 
this disulphide exhibits anomalous properties in solution. Mole- 
cular-weight determinations of the material in alcohol and benzene 
by the ebullioscopic method give low values which diminish wit 
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dilution (Table I). Tlie low values obtained cannot be ascribed to 
reaction of solvent and solute, since the latter when recovered is 
identical with the original and gives values in agreement with those 
obtained in the initial experiment. Moreover, the apparent mole- 
cular weight of the disulphide at a given concentration is constant 
even on prolonged boiling; it is thus evident that the. anomalous 
results are not due to decomposition but accord with a reversible 
dissociation of the disulphide. . 

Solutions of the disulphide are thermochromic, the intensity of 
the colour increasing with rise of temperature and decreasing on 
cooling again. This property has previously been observed by 
Lecher (Ber., 1915, 48, 524) in certain disulphides and has been 
-attributed to a weakening of the S~S link. The dihydroglyoxaline 
^disulphide, unlike the disulphides investigated by Lecher, shows a 
marked divergence from Beer’s law (Table HI). 

These unusual properties of the disulphide might be accounted for 
by dissociation in solution to free radicals (A), or by a reversible 
change of the type (B) which may be termed reversible dismutation. 



(III.) 


It is evident that process (A)- may he regarded as the preliminary 
stage in the formation of the products (II) and (III) and thus any 
proof of dismutation (B) does not exclude the formation of free 
radicals as the initial stage of the dismutation. It is noteworthy 
that tetra-arylhydrazines (Wieland* Annalen , 1911, 381 , 200; 
Wieland and Lecher, ibid., 1912, 392 , 156) and hexaphenylethanes 
(Sehmidlin and Garcia -Banus, Ber., 1912, 45, 1344) undergo irrever- 
sible dismutation which appears to be dependent on the formation 
of free radicals from these substances. 

Since solutions of the dihydroglyoxaline disulphide do not react 
with oxygen, and no evidence of abnormal reactivity could be 
obtained, the production of free radicals with anything more than a 
transitory existence appears to be excluded ; indeed their formation 
♦although possible is not necessary to an explanation of the pheno- 
mena^; Evidence proving the formation of the products of dis- 
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mutation (II and III) is forthcoming from the following independent 
sources. 

The apparent molecular weight of the disulphide (I) in alcohol to 
which the free thiol (III) has been added is higher than that in the 
pure solvent and increases with increasing concentration of the thiol 
(Table II) ; this result accords with reversible dismutation of the 
disulphide to thiol (III) and the tricyclic compound (II). Moreover, 
the disulphide is formed by treatment of an equimolecular mixture 
of the tricyclic hydrobromide and the thiol with one equivalent of 
alkali ; the yield of disulphide excludes the possibility of its form- 
ation by decomposition of the tricyclic compound and leads to the 
conclusion that the thiol and the free tricyclic compound react to 
give the disulphide in equilibrium with these ; direct proof of this 
cannot be obtained, as the tricyclic compound itself has not been 
isolated. 

Further evidence of the dismutation process (B) is obtained from 
the action of methyl iodide on the disulphide, which gave the 
hydriodide of the $-methyl ether of the thiol (III) together with the 
hydriodide of the tricyclic compound (II) ; the formation of these 
products is readily accounted for by dismutation of the disulphide 
to thiol and tricyclic compound, the hydrogen iodide liberated in 
the methylation of the thiol forming salts of the ^-methyl ether 
and of the tricyclic compound, thus permitting the isolation of the 
latter salt. 

Substitution of the imino-hydrogen of the dihydroglyoxaline 
disulphide (I) should inhibit dismutation, since cyclisation would be 
prevented. Unfortunately, attempts to prepare the requisite 
derivatives have been unsuccessful. 

The behaviour of 2 : 2'-mm'- and 2 : 2 ' -pp ' -dithiodiphenylA : 5- 
dihydroglyoxalines has been studied in comparison with that of the 
ortho-compound. These disulphides have now been synthesised 
from the amides of mm'- and pp' -dithiobenzoic acids. The nitriles , 
obtained from these, on treatment with ethylenediamine in presence 
of hydrogen sulphide were readily converted into the dihydrogly- 
oxaline disulphides and thiols ; the S -methyl ethers of the latter 
have also been prepared. Normal values for the molecular weight 
of these disulphides were obtained. Owing to the improbability 
that the tricyclic system could be formed from the m- and p-disul- 
phides, it was not anticipated that they would show dismutation in 
solution, but it was considered that a variation in the stability of 
the S“S link might exist. The p-disulphide, like the o-compound, 
is readily reduced by hydrogen sulphide, but the m-compound is 
not reduced to the thiol. This variation in stability indicates that 
the dihydroglyoxaline nucleus tends to weaken the S~S link when 

pp . ■ 
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in the a- or ^-position to it but not in the m-, and the effect is probably 
an electronic one. The instability of the S“N link "when in the 
o-position to the ~C— N — group (McClelland and Warren, loc. cit 
p. 2624) appears to be of a similar character. 

The authors are not aware of any previously recorded example of 
reversible dismutation. Irreversible dismutation has been observed 
in the thiodiazoline series (Busch, Ber., 1895, 28, 2635); e.g., 
disulphides of the type (IV, B = H 2 ) when kept in chloroform yield 
the corresponding thiols and the endocyclic compounds. 


_ PhX--X v 

I vVs-i 


rphe—N. 

\-3c-s- 


_ r:c— s> ” "J 

2 

L N — -S-' J 

2 - 


'RG=N^ 

r >c-s- 


(IV.) 


{V.)_ 


(VI.) 


The presence of the N=(C) n ~S complex in these compounds 
(?i = 1) and in the o-dihydroglyoxaline disulphide (I, n — 3) is 
significant and suggests that such a complex in a disulphide tends to 
weaken the S-S link; the reaction of the thioketothiodiazoline 
disulphides (IV, B = S) with methyl iodide (Busch and Lingen- 
brink, J. pr. Chem 1900, 61, 330) or ammonia (Busch, Ber., 
1896, 29, 2127) to give vS-methyl ethers or sulphamines confirms this 
view. • 

Further evidence is forthcoming from the relative ease of form- 
ation of mercaptides from disulphides, which may be taken as an 
indication of the stability of the S“S link. Many disulphides do not 
react with mercury (compare Konek, Ber., 1920, 63, 1666) or do so 
only under intense conditions (Lecher, ibid., p. 589). On the other 
hand, the thioketothiodiazoline disulphide (IV, B = S) and di- 
sulphides of the types (V and VI, B =' Cl, OH) which contain the 
K“(G) n -S complex readily give mercaptides with this metal 
(Soderback, Annal&n, 192 8, 465, 184). The formation of mercap- 
tides from antipyrine and homoantipyrine disulphides (Konek, loc. 
cit.) suggests that the 0“(C) ft -S complex -may have a similar 
influence ; the effect of such groups on the stability of disulphides 
is being investigated. 

Bewersible dismutation affords a convenient explanation of many 
reactions of disulphides. The condensation of 2 : 2 / -dithiobenzoic 
acid with aromatic hydrocarbons (Prescott and Smiles, J., 1911, 
99, 640) to give thioxanthones, in which the intermediate formation 
of a sulphenic acid has been postulated, may be regarded as the 
reaction of the dismutation product (VII) with the hydrocarbon 
and is thus analogous to the formation of anthraquinones from 
pfethalic anhydride (Baeyerahd Caro, Ber., 1874, 7, 968), and the 
formation of 3-hydroxy- 1-thionaphthen and its 2 -derivatives 
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(Hutchinson and Smiles, J., 1912, 101 , 570) may be interpreted 
on the same basis. 

[c«Hi<co-oh]j“ c « h »<co>° tylL/ + c « H i<CO-OH 

[°. h *<0O-nhrL^ <W<fe>NB (IX.) + 

(VIII.) 

PhN=9R . rPhN-CRl __ , PMTOR 

The oxidation of substituted 2 : 2^dithiobenzamides (VIII) 
(McClelland, Warren, and Jackson, J., 1929, 1584) to the ^-sub- 
stituted saccharins instead of to the disulphoxides may be ascribed 
to the dismutation of the amides into ketobenzisothiazoles (IX), 
which have previously been shown to be readily oxidised to the 
saccharins (McClelland and Gait, J., 1926, 921). The production of 
thiazoles by the oxidation of thioanilides and thiourethanes (Jacob- 
son, Per., 1886, 19 , 1067) may be attributed to the dismutation 
of an intermediate disulphide (X, R = Ph, OEt) containing the 
N=(C) n “S complex. 

Experimental. 

The molecular weight of 2 : 2'-oo'-dithiodiphenyl-4 : 5-dihydro- 
glyoxahne (I) (J., 1929, 2626) was determined by the Menzies- 
Wright method (J. Amer. Ghem. Soc., 1921, 43, 2314). Values 
typical of those obtained are recorded below. Those given under 
(a) and (b) refer to different specimens, and under (c) the value 
obtained with material recovered after one of these experiments is 
given. 

Table I. 

Solvent : ethyl alcohol. M, calc., 3 54. 

(a) (b) . (c) 

Cone, (g./l.) ... 3-19 7*05 0*669 1*58 240 3*67 5*16 6*47 4*095 

Apparent M ... 232 264 .163 177 227 236 247 251 243 

Solvent; benzene. Cone, (g./l.) ............... 0*649 1*60 

Apparent M - 303 307 

The Effect of the Presence of the Thiol (III) on the Apparent Mole- 
cular Weight of the Disulphide (I). — The elevation of the boiling 
point of ethyl alcohol (31*8 c.c.) produced by the disulphide 
(0*1028 g.) was determined in the usual way", successive quantities 
of the thiol were added, and the resulting elevations noted. Prom 
these values the elevation due to the thiol alone, calculated from the 
experimental value 185*5, was deducted, whence the apparent 



1100 


MCCLELLAND AND WARREN : 


molecular weight of the disulphide in presence of the thiol was 
calculated. 

Table II. 

Apparent M of disulphide 24 3 304 336 360 

Weight (g.) of thiol added — 0-0694 0-1243 0-1800 

The Divergence from Beer's Law of Alcoholic Solutions of the 
Disulphide (I). — Solutions of the disulphide of different concen- 
trations were matched against a given length of a standard solution 
of the disulphide in a colorimeter. Three determinations (a, b, c) 
with different lengths of the standard column were made. Under 
(G) are given the lengths of columns of a solution of the disulphide 
of concentration G which matched the standard ; under and JC 
are given the corresponding lengths for solutions of a half and a 
quarter of the concentration C. The theoretical values (Beer’s law) 
are given in parentheses. 

Table III. 

Lengths (cm.) 



of standard. 

C. 

JC. 

ic. 

(a) 

2-0 

3-2 

4-8 (6-4) 

5-8 (12-8) 

<b) 

4-0 

5-9 

8*6 (11-8) 

13-2 (23-6) 

(c) 

6-0 

9-8 

13-9 (19-6) 

16-1 (39-2) 


M ethylation of the Disulphide (I).— A solution of the disulphide 
(4 g.) in ethyl alcohol (200 c.c.) and methyl iodide (5 c.c.) was heated 
on the water-bath till almost colourless (about 10 minutes). Alcohol 
(100 c.c.) was distilled off ; the hydriodide (1-7 g.) which crystallised 
on cooling was dissolved in hot water and treated with silver nitrate, 
and the precipitated iodide filtered off. Excess of potassium 
bromide was added to the filtrate ; the hydrobromide which crystal- 
lised on cooling, after purification from alcohol, had m. p.,257°, 
alone or mixed with an authentic specimen of the hydrobromide of 
the tricyclic compound (II) ( J. } 1929, 2627). The alcoholic mother- 
liquor after removal of the hydriodide was diluted with water and 
concentrated; the material (3*2 g.) which crystallised was purified 
from water (charcoal). It had m. p. 206—208°, alone or mixed with 
the hydriodide of 2-o-methylthiolphenyl-4 : 5-dihydroglyoxaline 
(J-? 1029, 2626), and on treatment with alkali gave a base, m. p. 
98—100° alone or mixed with 2-o-methylthiolphenyl-4 : 5-dihydro- 
glyoxaline (picrate, yellow needles, m. p. 207°). 

Beaction of 2-o-Th%plphenyl-4 : : 5-dihydroglyoxaline (III) and the 
Trkydic Compound (II).— A mixture of the tricyclic hydrobromide 
(1 mol., from 045 g. of disulphide I) and the thiol (III) (1 mol.) 
in boiling alcohol was treated with aqueous potassium hydroxide 
(1 mol.), and the alcohol removed; the disulphide (I) (0*6 g.) was 
obtained from the residue. 
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3 : 3 '-Ditkiobenzamide . — 3 : 3'-Dithiobenzoic acid (8 g.) (J., 1921, 
119 , 1792) was refluxed for \ hour with an excess of thionyl chloride 
and a trace of ferric chloride. After removal of the thionyl chloride, 
the product was poured on ice and treated with aqueous ammonia 
( d 0*880); the resulting solid was washed with hydrochloric acid 
and crystallised from acetic acid (charcoal), giving colourless plates 
(6*0 g.), m. p. 243° (Found : N, 9*3. 0 14 H 12 O2N 2 S 2 requires 9*2%). 

3 : 3' -Dithiobenzoniirile . — 3 : 3'-Dithiobenzamide (5 g.) was re- 
fluxed in xylene (300 c.c.) with phosphoric oxide (5 g.) for 4 hours; 
the solution was filtered and the xylene removed in steam. The 
residual material (3*5 g.), purified from alcohol, had m. p. 102 — 
103° (Found : S, 23*6. C 14 H 8 N 2 S 2 requires S, 23*9%). 

2-m-ThiolphenylA : 5-dihydroglyoxaline . — A solution of 3 : 3'-di- 
thiobenzonitrile (6 g.) and ethylenediamine (6 c.c.) in alcohol (100 
c.c.) was saturated with hydrogen sulphide at —10°. The mixture 
was heated under pressure for 1 J hours at 90 — 100°, and the alcohol 
distilled off. The residual oil was extracted with hydrochloric acid 
(2 N) and the extract was treated with charcoal, filtered, and concen- 
trated. The hydrochlorides which separated were treated with 
excess of sodium hydroxide, the undissolved material (disulphide) 
was filtered off, and the filtrate treated with carbon dioxide. The 
precipitated thiol was purified from water, giving yellow needles, 
m, p. 225 — -228° after previous softening (Found : S, 17*8; M, 190. 
C 9 H 10 N 2 S requires S, 18*0%; M , 178). 2-m-Thiolphenyl-4 : : 5- 
dihydroglyomline is sparingly soluble in alcohol and readily soluble 
in acids and alkalis; it gives a transient red colour with ferric 
chloride. 

2 : 2' -mm ' -DithiodiphmylA : S-dihydroglyoxaline, obtained by 
oxidation of an alkaline solution of the thiol with potassium ferri- 
cyanide, crystallised from alcohol (90% aqueous) in pale yellow, 
hexagonal plates, m. p. 193° (Found : S, 17*9. C 1S H 18 N 4 S 2 requires 
S, 18*1%). A series of molecular- weight determinations in alcohol 
at different concentrations gave values from 359 to 370 (C 18 H 18 N 4 S 2 
requires M , 354), no regular variation in molecular weight with 
diminishing concentration was observed, and in no case was the 
observed value less than 354. 

2-m-Methylthiolphenyl-4 : : 5 -dihydroglyoxaline. — 2 -m-Thiolphenyl- 
4 : 5-dihydroglyoxaline (0*46 g.) and methyl iodide (3 c.c.) in alcohol 
(30 c.c.) were heated on the water-bath till colourless. The hydriodide 
which separated crystallised from aqueous alcohol (charcoal) in 
pale brown needles, m. p. 262 — 264° (decomp.) (Found : I, 39*7. 
Ci 0 H 12 N 2 S,HI requires I, 39*7%). The base, obtained in the 
usual way, crystallised from water in fine colourless needles, m. p. 
94 — 96°. 



1102 


THE DISMUTATIOH OE SOME DISULPHIDES . 


The following ^-compounds were prepared in a similar way to the 

-compounds : 

4 ; 4'-j Dithwbenzamide from 4 : 4'-dithiQbenzoic acid (J., 1922, 
121, 2024), m. p. 278° (with previous softening) (Found : S, 21*0. 
CiAANA requires S, 21*1%). 

4 : 4b f -Dithiobenzonitrile, pale yellow needles, m. p. 172 — 173° 
(Found ; S, 23*9. C^HgNgSg requires S, 23*9%). 

2 -p-ThiolphenylA : 5-dihydroglyoxaline. — 4 : 4'-Dithiobenzonitrile 
(3 g.) and ethylenediamine (4 c.c.) in alcohol (100 c.c.) were saturated 
with hydrogen sulphide at — 15 Q and heated under pressure at 100 Q 
for li hours. The product, treated as in the preparation of the 
^compound, gave the disulphide (0*6 g.) and the required material 
(0*98 g.), which separated from water in pale yellow needles, m. p. 
290° (decomp.) (Found : S, 18*1. CqH 10 N 2 S requires S, 18*0%). 
The thiol gives a green colour with ferric chloride. 

2 : 2 ' ~pp ' -Di thiodiphenylA : 5-dihydroglyoxaline , obtained in the 
previous experiment and by oxidation of the thiol in alkaline solu- 
tion by potassium ferricyanide, separated from alcohol in very small, 
colourless crystals, m. p. 213° (Found: S, 18*4. C 18 H 18 N 4 S 2 
requires S, 18*1%). Molecular-weight determinations in alcohol at 
different concentrations gave values from 367 to 381 (C 18 H 18 N 4 S 0 
requires M , 354), no regular variation in molecular weight with 
varying concentration was observed, and in no case was the observed 
value less than 354. 

2-p-Methylthiolphenyl-4 : 5-dihydroglyoxaline hydriodide, m. p, 
237°, gave the base, which separated from water in colourless plates, 
m. p. 155 — 156°. 

Action of Hydrogen Sulphide on the DithiodiphenyM : 5- dihydro - 
glyomlims.—HydxQgevL sulphide was bubbled through a solution of 
2 : 2'-pp'-dithiodiphenyl-4 : 5-dihydroglyoxaline (0*5 g.) in warm 
alcohol (50 c.c.) for 2 hours. The precipitated material was extracted 
with sulphuric acid {2N), and the filtered extract made alkaline ; 
after removal of some unchanged disulphide (0*06 g.) which was 
precipitated at this stage, the solution was saturated with carbon 
dioxide; 2-p-thiolphenyI-4 : 5-dihydroglyoxaline (0*27 g.) was then 
obtained, m. p. 290° alone or mixed with an authentic specimen. 

2 : 2'-oo , -Dithiodiphenyl-4 : 5-dihydroglyoxaline on similar treat- 
ment yielded 2-o-thiolphenyl-4 : 5-dihydroglyoxaline (0*35 g.) ; m. p. 
242° alone or mixed with an authentic specimen. 2-m-Thiolphenyl- 
4 : 5-dihydroglyoxaline was not obtained when the ^-disulphide 
was treated in a similar way with hydrogen sulphide.' 

King’s College, Lootjoh. [Received, March 1 5th, 1930.] 
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CXXXIX.— The Production of Fog in the Neutralis- 
ation of Alkali ivith Hydrogen Halides . Part II. 
The Significance of the Presence of Ammonia. 

By Richard Walter Aldis and James Charles P hilip 

The earlier communication (Askew, J., 1927, 966) described an 
experimental study of the acid fogs obtained by passing a stream 
of air charged with hydrogen chloride or bromide through a solution 
of sodium hydroxide or other non-volatile alkali. Among the 
points investigated were the concentration of acid in the fog droplets, 
the dimensions of the latter, and the relation of the amount of fog 
formed to the concentration of the alkali solution. Further inf orm- 
ation on various aspects of the phenomenon was required, however, 
before the mode of production and the stability of the fogs could be 
adequately interpreted. 

In the fresh work which was undertaken attention was first 
directed to the reproducibility of the results. Various minor modi- 
fications of the earlier apparatus and procedure failed to secure the 
desired degree of reproducibility, and it was only a fortunate circum- 
stance which led to the discovery of the source of the difficulty. 
In two parallel series of experiments, designed to correlate the 
amount of fog produced with the concentration of the caustic soda 
solution, it was found that the quantities of fog obtained in the 
one series were throughout about twice as great as in the other. 
This serious discrepancy led to the recognition that the caustic 
soda solutions employed in the two, series had been made up with 
distilled water from separate sources, and examination of the two 
waters showed that they differed appreciably in their content of 
ammonia, as proved by Nessler tests. This clue was followed up, 
and definite evidence was obtained that the production of fog under 
the given conditions was determined by the presence of traces of 
ammonia in the caustic soda solution. The quantitative results 
•which support this view are set out below, but it may be stated that 
when ammonia is rigorously excluded or removed from the caustic 
soda solution the amount of fog produced is negligible. 

Experimental. 

Apparatus and Procedure ^ The apparatus was in general the 
same as already described (Askew, loo* cit and it is necessary to 
refer only to. a few modifications which have been introduced. It 
was thought desirable to improve the temperature control, and 
accordingly the vessel containing concentrated hydrochloric acid, 
in which the air current was saturated with hydrogen chloride, was 



1104 AT, m s AND PHILIP : PRODUCTION op fog in neutralisation 


kept in a bath at 2o°, and the dried mixture of gases was then passed 
through the fog production chamber, containing the alkali solution. 
This vessel, as well as the fog absorption tube, was immersed in the 
same thermostat as the hydrogen chloride saturator. Provision was 
made for renewing the acid in the saturator after each experiment. 

The U-tube employed for collecting the fog was charged with 
asbestos wool and calcium chloride, so that the figures given below 
for “ weight of fog ” (in mg.) generally include the water vapour 
which accompanied the fog droplets. In some cases, where the 
composition of the fog itself was to be ascertained, the collecting 
tube was charged with asbestos wool only. 

In the majority of the experiments the air-hydrogen chloride 
mixture was passed at a rate of about 200 c.c. per minute for 8 — 10 
minutes, and this may be regarded as a standard run. The con- 
ditions were, of course, maintained constant in any one series of 
comparable experiments. 

Measurements and Observations . — Following the discovery of the 
significance of traces of ammonia for the production of acid fogs 
under the conditions described above, the further investigation of 
the character and stability of the fogs was made with alkali solutions 
to which known quantities of ammonium chloride had been added 
initially. A series of experiments -with increasing concentration of 
caustic soda, but the same initial concentration of ammonia in each 
case, showed that the amount of fog obtained in a standard run first 
increased, reached a maximum, and subsequently decreased. The 
results obtained in three such series are set out in Table I and 
represented graphically in Fig. 1. 


(a) NH 3 - 

0*00005%. 

Table I. 

(6) NH 3 = 0*0005%. 

(c) NH 3 = 

: 0*002%. 

Normality 

Weight of 

Normality 

Weight of 

Normality 

Weight of 

of NaOH. 

fog (mg.). 

of NaOH. 

fog (mg.). 

of NaOH. 

fog (mg.). 

0*1 

10 

0*1 

102 

0*1 

158 

0*5 

50 

0*4 

170 

0*48 

250 

1*2 

65 

0*85 

192 

0*55 

264 

2*4 

50 

2*0 

155 

0*88 

250 

4*8 

5 

3*5 

78 

2*0 

198 





3*5 

105 


The figures in Table I indicate that the amount of fog increases 
as the ammonia concentration rises, but series of experiments 
carried out at constant caustic soda concentrations and with a 
much wider range of ammonia values show that the amount of fog 
tends to become steady. The results obtained in one such series, 
in which the sodium hydroxide was 0*842^, were as follows : 

% — 0*0001 0*00025 0*001 0*003 0*005 0*007 

Weight of fog (mg.) 125 160 224 260 267 270 
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As already indicated, a number of experiments were made in 
which the fog, after being collected and weighed, was analysed for 
hydrochloric acid (by titration) and for ammonia (by Nessler tests). 
The strongly acid character of the fogs is proved by the figures in 



Table II, which show also that during each experiment a fair 
proportion of the ammonia was transferred from the caustic soda 
solution to the fog droplets. 




Table II. 






Found in the fog. 

Normality 

nh 3 

Weight of 


s 

of NaOH. 

initially, g. 

fog (mg.). 

NH 3 , g. 

HC1, %. 

0-39 

0*00002 

25 

0*00001 

5*9 

0*39 

0*00005 

40 

0*00002 

5*9 

0*39 

0*0001 

72 

0*00005 

5*8 

0*39 

0*0005 

173 

0*0003 

5*8 

0-39 

0*001 

246 

0*0007 

5*8 

1-00 

0-001 

244 

0*0005 

6*4 

3*90 

0*001 

106 

0*0006 

8*9 


In some cases the passage of the acid-laden air stream was con- 
tinued until fog formation practically ceased, and this was found 
to occur when the ammonia originally in the caustic soda had been 
transferred to the fog. Thus, for example, in one experiment 
the stream was bubbled through 100 c.c. of a 2-OA-caustic soda 
solution containing 0*002 g. of ammonia. When fog formation 
had practically ceased, after the passage of 12 litres of the gas 
mixture, the caustic soda solution was run out and fouiid to be 
pp2 
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1-75V, and to be free from ammonia. The fog formed during this 
experiment had been collected in a tube containing asbestos wool 
(previously shown to be free from ammonia). The wool was washed 
and the washings were made up to 200 c.e., aliquot portions being 
then tested with Kessler’s solution. The total ammonia found in this 
war was equal to that originally present in the caustic soda solution. 

In the earlier investigation it was observed that the amount of 
fog produced was markedly increased when small quantities of 
certain substances, such as gelatin and methylene-blue, were added 
to the alkali solution. These observations have been confirmed, and 
proof has been obtained that the substances in question owe their 
influence to the small quantities of ammonia liberated from them in 
caustic soda solution. It is noteworthy also that the ability to 
promote fog formation when an air-hydrogen chloride stream is 
passed through caustic soda is possessed, not only by ammonia, but 
by other volatile bases, such as methylaruine and diethylamine. 

The size of the droplets forming the fogs was estimated in the 
usual way by observing the rate of settling of the cloud. The value 
so obtained for the radius of the droplets varied somewhat according 
to the conditions under which the fog was produced, but was of 
the same order, viz., 1CH — !(H cm., as that already recorded by 
Askew ( loo . cit.). Definite evidence was obtained that the size of 
the droplets di mi nishes with increasing concentration of the caustic 
soda from which the fog was obtained. 

Variation in the size of the droplets and the density of the fog, 
according to the vapour pressure of the surrounding medium, was 
further demonstrated by experiments in which thin fogs were 
passed through water. Thus, for example, a faint fog was obtained 
by bubbling the usual acid-air mixture through a concentrated 
(6V) caustic soda solution containing 0-002% of ammonia. This 
fog when bubbled through water became quite dense, but showed 
no change when bubbled through very concentrated solutions of 
potassium iodide or calcium chloride. 

Further, when a fairly dense fog from the caustic soda solution 
was bubbled through concentrated sulphuric acid, it disappeared, 
but the inference that the fog had been absorbed was proved to be 
erroneous by subsequently passing the air stream through water, 
whereupon the fog reappeared, although in somewhat diminished 
intensity* The fact that concentrated sulphuric acid may render a 
fog invisible without absorbing it has been observed for ozone fogs 
(Rothmund, Monatsh ,, 1918, 39, 571), and for moist sulphur trioxide 
fogs (Remy* Z. Elektrochem., 1922, 28, 467). 

Experiments carried out with the object of detecting any definite 
electrical charge on the fog droplets gave negative results. This is 
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in harmony with Askew’s observations (loc. cit p. 978), as also 
with earlier investigations on the electrical condition of other 
chemical fogs (de Broglie and Brizard, Compt. rend 1909, 149, 
923; Rothmund, loc . cit. ; Remy and Koch, Z. anorg. Chem ., 1924, 
139, 69). 

Discussion. 

The novel feature of the fogs described in this and the earlier 
communication is that they are strongly acid, although produced 
in an alkaline medium. Remy and his collaborators ( Z. angeiv. 
Chem., 1926, 39, 147; Z. anorg . Chem., 1927, 159, 241), it is true, 
have shown that moist sulphur trioxide fogs can be bubbled through 
caustic potash solutions with only partial absorption, but these 
fogs were already formed before they came in contact with the 
alkaline medium. 

Another important characteristic of the acid fogs described in 
the present paper is that their formation is conditional on the 
presence of ammonia (or other volatile alkali) in amounts which 
are very small compared with the quantity of acid contained in the 
droplets. The measurements and observations recorded above 
establish beyond doubt the significance of ammonia for the whole 
phenomenon, and warrant the view that the formation of ammonium 
chloride particles within the gas bubbles is the first and necessary 
stage in the production of the fog. 

Such ammonium chloride particles, under the conditions prevailing, 
act as condensation nuclei, and droplets of solution are formed. These 
droplets then dissolve some of the hydrogen chloride in the gas bubble, 
and their vapour pressure is correspondingly lowered. This involves 
an increase in size by further condensation of water, the extent to 
which this takes place being determined mainly by the vapour 
pressure of the caustic soda solution surrounding the gas bubble. 

Another consideration which is of significance in determining 
the stability of fogs such as those described above is the fact that 
the vapour pressure of a minute droplet of a liquid is greater than 
that at a plane surface. The bearing of this — as expressed by the 
Kelvin equation — on the stability of chemical fogs has been dis- 
cussed by a number of earlier workers (Townsend, Proc. Camb. 
Phil . Soc 1899, 10, 52; Rothmund, loc. cit.; Remy, Chem. Zeit, 
1928, 52, 677). The vapour pressures for water droplets of radius 
■10* 4 and 1(H cm. are respectively about 0*1% and 1% greater than 
at a plane water surface at the same temperature. Hence, in an 
atmosphere saturated with water vapour in the ordinary way, such 
droplets would tend to disappear. They will be stabilised, however, 
even in such an atmosphere, if a compensating reduction of vapour 
pressure is effected by the presence of dissolved substances in the 
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droplets. Townsend (Zoe. cit.) has calculated that droplets of 5 X 10~° 
cm. radius containing approximately 0*004 g. of sulphuric acid per 
g. of water would be stable in an atmosphere saturated with water 
vapour. It is assumed in the calculation that the sulphuric acid 
is completely ionised. 

The fog droplets with which the present communication is con- 
cerned contain a much larger proportion of dissolved substance. 
Where the total amount of fog collected is small, the estimation of 
the acid which it contains is probably subject to a considerable 
error, but some of the figures recorded in Table II provide a basis 
for calculating the concentration of dissolved substance. The data 
of the experiment, for example, in which fog, weighing 246 mg., 
was produced from 0*39A 7 -sodium hydroxide indicate that the 
droplets were approximately 1*5A 7 as regards hydrochloric acid and 
0*1 5A 7 as regards ammonium chloride. Again, the solution con- 
stituting the droplets of the last experiment of Table II was 
approximately 2 5N as regards hydrochloric acid and 03 5N as 
regards ammonium chloride. 

The fog droplets, of course, consist mainly of water, and the 
extent to which their concentration is altered by condensation or 
evaporation should be determined by the vapour pressure of water 
in the surrounding air. The measurements made so far and recorded 
above are not such as to permit the quantitative study of this adjust- 
ment, but attention is directed to one or two observations which are 
significant in this connexion. Thus, consideration of the last three 
experiments in Table II shows that, with increasing caustic soda 
concentration, the amount of acid in the droplets increases relatively 
to the water, and this means a lowering of the vapour pressure 
of the droplets. Again, an investigation of the size of the droplets 
obtained from caustic soda solutions of different concentrations 
showed a regular falling off with increasing alkali concentration. 

It appears, however, that owing to the operation of certain 
factors, there are limits to the growth or shrinkage of droplets 
constituting a stable fog. If much water condenses on a droplet 
of radius 10" 4 — 1(H cm., which is the stable range, it becomes so 
large as to settle very rapidly. If, on the other hand, a droplet 
within the stable range loses much water, the enhanced vapour 
pressure associated with high curvature may become the deter- 
mining factor, with the result that the droplet becomes unstable 
and dries up. It is clear that further measurements are necessary 
in order to elucidate the relation between the vapour pressure of the 
droplets and that of the surrounding air. 

The fact that the droplets, once formed inside the gas bubble, do 
not tod them way to the surface of the bubble and get absorbed, 
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is probably due to their comparatively low mobility. The sig- 
nificance of this characteristic for the stability of chemical fogs has 
been discussed at length by A. Smith ( <e Text-book of Inorganic 
Chemistry,” 1927, p. 482) and by Remy ( locc . cit. } 1926 and 1927). 

The character of the curves in Tig. 1 invites comment. The 
occurrence of a maximum is no doubt due to opposition between 
factors tending to increase the amount of fog and those which tend 
to diminish it. The vapour pressure of the ammonia in the caustic 
soda solution increases w r ith increasing concentration of the’ latter, 
and this would lead to a larger number of nuclei and a greater 
weight of fog for a given run. Again, as the concentration of the 
caustic soda increases, it becomes more viscous, the air-acid mixture 
will form larger bubbles, and hence there is a greater chance of 
the droplets escaping in the air stream. The main factor operating 
in the reverse direction is the steady fall of water vapour pressure 
as the concentration of the caustic soda increases. 

The observations recorded in this paper present one or two points 
of interest for the analytical chemist. The production of fog when 
an air-acid stream is passed through a solution of caustic soda is a 
sensitive test for small quantities of ammonia (or other volatile 
alkali) in the soda solution : the delicacy of the test approaches 
that of Kessler’s solution. Further, it appears that the removal of 
hydrogen chloride from an air stream by passage through caustic 
soda solution is incomplete if the latter contains even small quan- 
tities of ammonia. In many of the experiments recorded above, 
as much as 10 — 15% of the hydrogen chloride escaped absorption 
in the caustic soda solution. 

Under the conditions of the present work, where the factor of 
supersaturation is absent, the significance of hygroscopic nuclei for 
the production of fogs has been clearly demonstrated. In this 
connexion, it is interesting to note the view, now widely held by 
meteorologists, that atmospheric condensation does not normally 
commence on ordinary dust particles or on ions, but on hygroscopic 
substances. In view of the results of the present investigation, it 
seems possible that the small quantities of ammonia in the air 
may play a more important part in the production of atmospheric 
fogs than has been generally supposed. 

One of the authors (R. W. A.) desires to express his thanks to the 
Department of Scientific and Industrial Research for a maintenance 
grant dufing the progress of the work described in the present 
communication. 

Imperial College of Science and Technology, 

London, S.W. 7. [ Received , March 20 tk, 1930.} 
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OXL . — The Constitution of Santonin. Part II. 
The Synthesis of Racemic desmotrojDo Santonin. 

By Geobge Roger Cbemo, Robeet Dows Hawobth, and Eeio 

Waltoit. 

Is- Part I (J., 1929, 2368) a constitution (I) was suggested for san- 
tonin and the ^-position of the propionic acid side-chain was 
established by a synthesis of dZ-santonous acid, and as a result, two 
formulae (III and IV) can be suggested for the lactone desmotropo- 
sardonin, which is prepared by the action of mineral acids on 
santonin (Andreoeci, Gazzetta, 1893, 23, ii, 469; Bar., 189S, 31, 
3131). Structure (III) appears to have been generally accepted, 

y O CO 


(I-) (XI.) 

although hitherto there has been no evidence to enable a decision to 
be made between the two formulae and older publications (compare 
Gucci and Grassi-Cristaidi, Gazzetta , 1892, 22, i, 1) employ structure 
(IV). 

yO CO 

Me CH 2 Me CH 

(in.) HOj^'Y^9 H ' CHM& >CO HO^j^^H— CHMe (iv.) 

^ A^/CH- 0 %,/\/CH 2 

Me CH 2 Me CH 2 

The present communication describes the synthesis of a lactone 
possessing the structure (IV), which is identical in all respects with 
racemic desmotropos antonin (Andreoeci, loc. tit.). This synthesis 
establishes the a-position of the lactonic oxygen atom and provides a 
further illustration of the preference shown in biosynthesis for the 
angular fusion of ring systems. At the same time, this necessitates a 
corresponding modification of the structure (I) which has been 
suggested for santonin and the structure (II), now adopted, is in 
agreement with the chemical behaviour of this substance. 

The starting point in these synthetical experiments Vas ethyl 
$-4-methoxy-2 : 5-dimethylbenzoylbutane-ppy-tricarboxylate (XVI ; 
R = Me in Part I), and an improved method is described for 
its ecmversiOEL into a-(p-4-methoxy-2 : 5-dimethylpbenylethyl) - a'- 
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methylsuccinic acid (VI). The tricarboxylate was hydrolysed 
with aqueous-alcoholic sodium hydroxide and the mixed racemates 



of 8-4-methoxy-2 : 5-dimethylbenzoylbutane-^y-dicarboxylic acid 
(XVII ; R = Me in Part I, compare p. 2385) were converted into the 
anhydride (V) by heating at 180°. One form only of this anhydride 
has been isolated, and when this was reduced by Clemmensens 
method, the succinic acid derivative (VI) was obtained. Two 
racemic modifications of this acid were described in Part I (p. 2386), 
but the lower-melting isomeride only is obtained by reducing the 
anhydride (V). 


— CO 

Me 'C 

(VII.). HO^/^ 9 — CHMe 

\jK/ ch 2 

Me CH, 


C0 2 Et 

9 H '2 

,CHBr 


Me CO 


The succinic acid derivative (VI) was refluxed with hydriodic acid 
and converted into a-((3-4-hydroxy-2 : 5 - dimethylphenylethyl) - a' - 
methylsuccinic acid, which was not isolated in the crystalline 
state, but converted into the lactone (VII) of the enolic form of 
oc-7 - hydroxy - 1 - keto-5 : 8 - dimethyl - 1 : 2 : 3 : 4 - tetrahydronaphthyl - 2 - 
propionic acid by the action of warm concentrated sulphuric acid. 

This lactone (VII) was not reduced by palladium and hydrogen in 
acetic acid solution, but with sodium amalgam in alcoholic solution, 
the lactone (IV) of a-1 : ! -dihydroxy -5 : S-dimethyl-l : 2 : 3 : 4- 
ietrahydronaphthyl-2-propionic acid was obtained. This was identical 
with a specimen of racemic desmotropos&ntonm, prepared from 
santonin by the method outlined by Andreocci {loc. cit .), supple- 
mentary details of which will be found in the experimental section 
of this communication, and further the identity of the natural and 
the synthetic product has been confirmed by a comparison of their 
acetyl derivatives. 

In Part I (p. 2374), the structure of ethyl S-4-methoxy-2 : 5-di- 
methylbenzoylbutane-PPy-tricarboxylate was discussed and an 
interesting result has now been obtained in an attempt to confirm 
the suggested structure. Ethyl $-brcmo-$-4:'med,ko%y-2 : 5-dimetliyl* 
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benzoylpropionate (VIII), prepared by bromination of ethyl (3-4- 
methoxy- 2 : 5-dimethylbe?izoylpropionate (compare Part I, p. 2382), 
was condensed with ethyl sodiomethylmalonate. A triearboxylate 
was obtained which, after hydrolysis and heating, gave the anhydride 
(V). This indicates that hydrogen bromide is eliminated in one or 
both of the methods for preparing the anhydride (V), and that 
the ethyl sodiomethylmalonate condenses with the acrylic ester 
derivative by a Michael reaction. These observations, however, do 
not demand any alteration in our views with regard to the structure 
of ethyl S-4-methoxy-2 : 5-dimethylbenzoylbutane- [3 (3y-tricarboxyl- 
ate. 

Experimental. 

Methyl and Ethyl $A-Methoxy-2 : 5-dimethylbenzoylpropionates . — 
|3-4-Methoxy-2 : 5-dimethylbenzovlpropionic acid (5 g.) in methyl 
alcohol (30 c.c.) was saturated with dry hydrogen chloride with 
cooling in an ice-bath. After some hours, the mixture was refluxed 
for 2 hours on the water-bath, the bulk of the alcohol then removed, 
water added, followed by a slight excess of sodium hydroxide, the 
solid collected and dried (4*8 g.). Crystallisation from light petrol- 
eum (b. p. 80 — 100°) gave large colourless prisms (4-4 g.), m. p. 
94—95° (Found: C, 67-1; H, 7*2. C 14 H 18 0 4 requires C, 67*2; 
H, 7 *2%). The ethyl ester, prepared similarly, formed stout colour- 
less prisms, m. p. 49—50° (Found: C, 68*3; H, 7*3. C 15 H 20 O 4 
requires C, 68*2 ; H, 7*5%). 

Methyl and Ethyl $-Bromo-$A-methoxy-2 : 5-dimethylbenzoyl- 
propionates (VIII). — A solution of bromine (3*5 g.) in light petroleum 
(b. p. 60 — 80°; 33 c.c.) was added to a solution of methyl (3-4-meth- 
oxy- 2:5- dimethylbenzoylpropionate (5 g.) in light petroleum 
(h. p. 60 — 80° ; 40 c.c.) ; the bromine was rapidly decolorised and 
hydrogen bromide was evolved. The solvent was removed under 
reduced pressure ; the residual oil crystallised from light petroleum 
(b. p. 40 — 60°) in large colourless prisms, m. p. 96° (Found : C, 51*3 ; 
H, 5*3 ; Br,24*4. C 14 H 17 0 4 Br requires C, 51*1 ; H, 5*1; Br, 24*3%). 
The ethyl ester, prepared similarly, separated from light petroleum 
(b. p. 40 — 60°1 in large colourless prisms, m. p. 98 — 100°, which gave 
a considerable depression in m. p. when mixed with ethyl a-bromo- 
■3-4-methoxy-2 : 5-dimethylbenzoylpropionate (compare Part I, 
p. 2382) (Found: C, 52*6; H, 5*6; Br, 23*1. C 15 H 19 0 4 Br requires 
C, 52*5; H, 5*5 ; Br, 23*3%). 

The ethyl ester was condensed with ethyl sodiomethylmalonate in 
benzene solution and the product after hydrolysis and heating 
yielded the anhydride, m. p. 171°, described below. 

SA-M ethoxy -2 ; 5- dimethylhenzoylbutane-$y-dicarboxylic Anhydride 
(V).— Ethyl 8-4-methoxy-2 : 5-dimethylbenzoylbutane- [3 (3y-tricarb- 
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oxylate (12 g.) was dissolved in ethyl alcohol (24 c.c.), sodium 
hydroxide (24 c.c. of 2N) added, and the mixture refluxed for 2 hours 
on the water-bath and then evaporated to a small bulk under reduced 
pressure. Water (30 c.c.) was added, and after standing, the pre- 
cipitated 4-methoxy-2 : 5-dimethylacetophenone (0*5 g.) was filtered 
off. The filtrate was acidified with a mixture of concentrated 
hydrochloric acid (30 c.c.) and water (30 c.c.), the resulting milky 
emulsion rapidly extracted with ether, and the extract allowed partly 
to evaporate spontaneously over-night. The colourless 3-4-meth- 
oxv-2 : 5-dimethylbenzoylbutane-fBy-dicarboxylic acid (5*3 g.) was 
collected and washed with a little ether and the ethereal filtrates were 
combined (A). The residue was heated in two portions for 1 hour in 
a metal-bath at 180°. After a brisk effervescence, a viscid, pale 
yellow gum resulted, which was stirred with ether while still warm 
and the colourless solid collected (2*85 g.). The ethereal filtrate on 
evaporation and reheating in the metal-bath gave 0*1 g. more of 
ether-insoluble solid. This solid was moderately easily soluble in 
boiling benzene, and separated in stout rhombic prisms, m. p. 171° 
(Found : C, 66*4; H, 6*2. C 16 H 18 0 5 requires C, 66*2; H, 6*2%). 
The anhydride is insoluble in cold sodium hydroxide solution, and 
sparingly soluble in ethyl alcohol, from which it separates in jagged 
prisms. On evaporation of filtrate (A), a yellow viscid oily acid 
resulted, from which no solid could be obtained by solution in sodium 
hydroxide and reprecipitation with acid ; but on being heated in a 
metal-bath as above, it gave 1*65 g. of the crude anhydride, together 
with a further 0*1 g. when the ethereal extract was again heated. 

M ethyl SA-methoxy -2:5- dimethylbenzoylbutane - $y - dicarboxylate 
was obtained on esterifying the anhydride with methyl alcohol and 
hydrogen * chloride, and after distillation crystallised from light 
petroleum (b. p. 40 — 60°) in colourless prisms, m. p. 73 — 74° (Found : 
C, 64*3 ; H, 7*1. C 18 H 24 0 6 requires C, 64*3 ; H, 7*1%). 

<x-($A-Methoxy-2 : 5-dlmethylphenylethyl) -cc'-methylsuccmic Acid 
(m, p. 131 — 132° ; compare Part I, p. 2386). — The anhydride (V) 
(1 g.), amalgamated zinc (5 g.), and concentrated hydrochloric acid 
(7 c.c.) were refluxed for 24 hours. The oil produced was decanted 
from the zinc residues, which were extracted with a small amount of 
ethyl alcohol, diluted with water and left over-night, and the 
colourless solid was collected and dried on porous plate (0*95 g.). 
The compound dissolved completely in hot benzene (4 — 5 c.c.) and 
on dilution with light petroleum (12 c.c.) gave colourless prisms, m. p. 
131— 132° (Found : C,65*2; H, 7*8. Calc.: C, 65*3; H, 7*5%). 

Lactone of a-7 -Hydroxy-l-1ceto-5 : %- dimethyl-1 : 2 : 3 : 4 -tetrdhydro* 
mphthyl-2-propionic Acid (YU). — a-((B-4-Methoxy-2 : 5-dimethyl- 
phenylethyl)-a'-methylsuccinic acid (2*5 g.) was refluxed for 1 hour 
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with hyclriodic acid (7*5 c.e.; d 1*7), water (7-5 o.c.) added, the 
mixture extracted with ether, the extract freed from iodine by 
shaking three times with saturated sodium bisulphite solution and 
dried over sodium sulphate, and the ether removed, a- ([3 -4- Hydr- 
oxy-2 : o-dimethylphenylethy^-a'-methylsuceinic. acid remained as a 
gum, which was stirred for 2 minutes in the water-bath with con- 
centrated sulphuric acid (7*5 c.c.), the resulting dark brown solution 
cooled, and ice added; a straw-coloured gum was then obtained. 
After 1 hour, the dilute acid solution was decanted, the residue stirred 
with a cold saturated solution of sodium bicarbonate, and the 
colourless solid collected, washed with water, and dried on the water- 
bath, The material from three such experiments was dissolved in 
boiling acetic acid (80 c.c.) and water (10 c.c,), charcoal added to 
remove a faint purple coloration, and the filtrate diluted with boiling 
water (35 c.e.). On cooling, colourless, stout, rhombic prisms 
(3*1 g.), m. p. 250 — 253° (decomp.), separated (Found: C, 73*8; 
H, 6*8. C 15 H 16 0 3 requires C, 73*8; H, 6*5%). The lactone is 

hydrolysed by warming for 15 minutes with methyl-alcoholic 
potassium hydroxide to give ol-1 -hydroxy -\-keto-b : 8-dimethyl- 
1 : 2 : 3 : 4:-tetra-hydronaphthyl-2-propionic acid , which dissolves in 
two-thirds strength acetic acid to give a persistent intense green 
solution, but crystallises from methyl alcohol in colourless prisms, 
m. p. 191° (Found : C, 68*4; H, 6*8. C 15 H 1S 0 4 requires C, 68-7 ; 
H, 6*9%). 

Synthetic Bacemic desmotropo Santonin (IV). — The above lactone 
(1 g.) was dissolved in ethyl alcohol (50 c.c.), washed sodium amalgam 
(80 g. of 4%) added, and the mixture refiuxed for 15 hours on 
the water-bath. The solution was decanted from the mercury and 
filtered from a trace of sediment and the alcohol was removed 
under reduced pressure. The residue was dissolved in a small 
volume of water, acidified with hydrochloric acid, and extracted 
three times with ether and the extract "was dried with sodium 
sulphate and evaporated to about 2 c.c. After 12 hours, 0*2 g. of a 
crystalline solid separated, m. p. 178—184°, raised to 194 — 196° 
after four recrystaUisations from alcohol. When the above dried 
ethereal extract was evaporated, however, and the residue again 
refluxed over-night with alcohol (10 c.c.) and washed amalgam 
(40 g. of 4%), then, after removal of the alcohol and solution in 
water, acidification yielded a solid which was collected and crystallised 
once from alcohol, giving colourless prisms (0*3 g.), m. p. 199°, raised 
to 200—201° by one xecrystallisation (Found: G, 73*4; H, 7*4. 
Gj^HigOg requires C, 73*2; H, 7*3%). The compound is sparingly 
soluble in ethyl alcohol, readily in ethyl acetate, and almost insoluble 
in ether, and its m. p. is not depressed by admixture with racemic 
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desmotropos&ntomn prepared from santonin as described below. " 
Synthetic acetyl desmotroposa?zfo?im, obtained by treatment with 
acetic anhydride and sodium acetate, separated in colourless prisms, 
in. p. 146 p , again not depressed by mixture with acetyl desmotropo- 
santonin prepared from santonin (Found : C, 71*1 ; H, 7-2. 
0 17 H 2 o0 4 requires 0, 70*8; H, 7*0%). 

Racemic desmotr opo $ antonin from Santonin. — d-desmotropo'&ajn.. 
tonin was prepared as follows : Santonin (10 g.) and fuming hydro- 
chloric acid (60 c.c.) were heated in a sealed tube at 35° for 36 hours. 
The product was diluted with water, and the solid collected, dissolved 
in dilute sodium hydroxide solution, and filtered. The filtrate was 
acidified and warmed and the d-desmotropossbiitoiim (8*5 g.) was 
collected ; it crystallised from ethyl alcohol in fine prisms, m, p. 
260° (compare Andreocci, Gazzetta , 1893, 23, ii, 469). isodesmotropo - 
Santonin was prepared from the d - form according to the method of 
Andreocci (Joe. cit.), the reaction being complete in about 1J hours. 
isodesmotropoS&ntomn melts at 194° [Andreocci gives 187 — 188° 
(decomp.)] and its acetyl derivative melts at 154°. l-deomotropo - 
Santonin (the enantiomorph of isodesmotropo^ntoiom) and racemic 
desmotroposMitomn were prepared as described by Andreocci ( Ber 
1898,31,3131). 

Our thanks are due to the Chemical Society for a grant which has 
partly defrayed the cost of this investigation. 

University of Durham, Armstrong College, 

Newcastle-upon-Tyne. [Received, March24th,19Z0.} 

CXLI. — The Scission of Diaryl Ethers and Related 
Com founds by Means of Piperidine. Part IV. 
Elimination of Halogen Atoms and Scission 
Reactions during Substitution Processes. 

By Dorothy Lilian Fox and Eustace Ebenezer Turner. 

In earlier investigations in the present series, a number of halogen- 
ated diphenyl ethers have been nitrated, with results that can be 
explained by current theories of aromatic substitution. We have 
now encountered some cases in which nitration is not of the simple 
type hitherto met with, but is accompanied by elimination of halogen 
atoms or disruption of the molecule. 

The 2 : 2 '-dinitration of 4 : 4'-dichloro- and 4 : 4 / -dibromo- 
diphenyl ether proceeds without difficulty (J., 1927, 1168), and the 
mononitro-derivatives obtained by controlling the conditions of 
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nitration are readily convertible into the dinitro-compounds. We 
have now foiled that under the conditions which favour the form- 
ation of these dinitro - deri vat i ves , both the 2- and the 2'-nitro- 
derivative of 4-ehloro-4 / -bromodiphenyl ether undergo partial 
elimination of chlorine, and that when the nitration is performed at 
100°, complete elimination of chlorine occurs, with the formation 
of 4-bromo-2 : 2' : 4'-trinitrodiphenyl ether : 



The same product is formed when the more drastic nitration con- 
ditions are applied to 4-cMoro-4' -bromo-2 : 2' -dinitrodiphenyl ether . 
The latter compound may be obtained by nitrating either of the 
corresponding mononitro -compounds under definite conditions. 
Prolonged nitration of the bromotrinitro-ether causes very slow 
removal of the bromine atom. On the other hand, when 4 -bromo-2- 
nitrodiphenyl ether is nitrated, the bromine atom is eliminated more 
readily, and with prolonged nitration pure 2:4:2': 4'-tetranitro- 
diphenyl ether is produced : 

/ ^>Br — > N0 2 <^>0<->N0 2 

no 2 no 2 

Elimination of chlorine occurs during the prolonged nitration of 
4 : 4'-dichloro~2 : 2'-dinitrodiphenyl ether, but, in view of the above 
facts, it is surprisingly slow, and we have not succeeded in obtaining 
a pure specimen of the tetranitro-ether by this process. In short, 
the product of one replacement of chlorine by a nitro-group, namely, 
4-chloro-2 : 2' : 4'-trinitrodiphenyl ether (compare the stability of 
the analogous bromo-compound) is relatively resistant. It is 
produced by the nitration of 4-chloro-2 , -nitrodiphenyl ether, and, 
together with 4 : 4'-dichioro-2 : 2 / -dinitrodiphenyl ether, by the hot 
nitration of 4 : 4 , -dichloro-2-nitrodiphenyl ether. 

There would appear to be three main factors determining such 
replacements of halogen by a nitro-group: (a) The factor that 
determines the course of ordinary aromatic substitution. In the 
present examples halogen and not hydrogen is eliminated. ( b ) The 
tendency of a eo-valently attached halogen atom to become an ion. 
(c) The tendency of a halogen atom to remain in co-valent attach- 
ment to a carbon atom. 

An excellent survey of the literature of atom or group elimination 
during substitution processes is given by de Lange (Bee. trav. chim 
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1926, 45, 19), and it is only necessary for present purposes to refer 
to a few general conclusions. It has usually been found that bromine 
is more readily eliminated than chlorine during nitration. Thus, 
for example, Ling (J., 1889, 55, 589) found that 2-chloro-4-bromo- 
6-nitrophenol was nitrated to give 2-chloro-4 : 6- dini trophenol, and 
that 4-chloro-2-bromo-6-nitrophenol lost bromine in the o-position 
rather than chlorine in the p -, to give 4-chloro~2 : 6- dini trophenol. 
That factor (a) is of greater importance than the nature of the 
halogen atom (factors b and c) would appear to be shown by the 
results of Hewitt and Mitchell (J., 1906, 89, 1167), who found that 
when diazotised p-nitroaniline was added to an alkaline solution of 
1-chloro-, 1-bromo-, or 1 -iodo- (3 -naphthol. the product in each case 
was 1 -benzeneazo- (3 -naphthol . Again, it has already been shown 
(Parts II and III) that 2 : 4-dichloro- and 2 : 4-dibromo-2 / : 4'-dinitro- 
diphenyl ethers readily undergo 5-nitration : 



This occurs in the cold, but we have now submitted the two resulting 
trinitro-ethers to the action of fuming nitric acid at 100°. Although 
in both cases slight elimination of halogen occurs, almost the whole 
of the original substances may be recovered in the pure condition. 
It therefore seems probable that factor {a) is most important 
in these cases. In 4-chloro-4'-bromo-2- and ~2'-nitrodiphenyl 
ether, the para-orienting effect of oxygen is the most powerful 
influence at work, whereas in 2 : 4-dichloro- and 2 : 4-dibromo- 
2' : 4 r -dinitrodiphenyl ether this effect is more than counter- 
balanced by the 5-directing influence of the two halogen atoms, so 
that elimination of halogen does not occur. Again factor (a) takes 
control. The preferential elimination of chlorine from the chloro- 
bromo-ethers may be attributed to factor ( b ). 

To some extent elimination reactions of the type under con- 
sideration are governed by mere mass effects in addition. For 
instance, bromination of 4-chloro-2 : 6-dinitrophenol under certain 
conditions causes replacement of a nitro-group by bromine, 
4-chloro-2-bromo-6-nitrophenol being produced (Gordon, Ghern . 
News, 1891, 63, 222), whilst picric acid, when gently warmed with 
bromine and water, gives 2-bromo-4 : 6-dinitrophenol (Armstrong, 
Ber., 1873, 6, 650), and it is a common experience that in the 
chlorination of nitro-compounds at moderately high temperatures, 
nitrous fumes are occasionally given off, no doubt because partial 
elimination of the nitro-group has taken place. 
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A second type of elimination reaction has been observed in which 
a chlorine atom is replaced by the sulphonic acid group. Thus, 
when 4:-chbro-2-nitroA'-methyldiphenyl ether is dissolved in cold 
concentrated sulphuric acid, hydrogen chloride is at once evolved, 
and 2 -niiro-4! -methyldiphenyl ether 4 - sulphonic acid is formed : 



This result is unexpected, for no halogen hydride is produced by the 
action of cold concentrated sulphuric acid on the isomeric 4-chloro- 
2' -nitroA' ^nethyldiphenyl ether , or on 2:4: 4'-trichIoro-, 2 r 4-di- 
chloro-2' : 4'-dinitro-, or 2 : 4-dibromo-2' : 4'-dinitro-diphenyl ether. 

A third type of reaction which has to be recorded is that of scission 
during nitration. By mild nitration, 4- chloro -2 -nitro -4' -methyl- 
diphenyl ether may be converted into 4-chloro-2 : 2' -dinitroA' -methyl- 
diphenyl ether , but, when it is dissolved in cold fuming nitric acid, 
the main product is 4 -chloro -2 : 6-dinitrophenol. This phenol is 
also the main product formed by similarly nitrating 4-chloro-2'- 
nitro-4'-methyldiphenyl ether. Yet, although it is difficult to 
avoid concluding that in both nitrations the initial product is 
4-chloro-2 : 2 / -dinitro-4'-methyldiphenyl ether, the latter substance 
does not undergo scission when heated with fuming nitric acid, but 
suffers partial replacement of chlorine by a nitro-group. 

The apparent destruction of a tolyl group during the above 
nitrations is interesting in view of the fact (Pauly, Gilmour , and Will, 
Annalen * 1914, 403, 119) that 3-nitro-p-cresol is converted by 
fuming sulphuric acid into g-methyl-y-crotonolactone-y-acetic acid. 
Incidentally, Reilly, Drumm, and Barrett (J., 1927, 67) have found 
that di-£>-tolyl ether also undergoes considerable scission when 
nitrated. 

A fourth set of results concerns the scission of certain ethers 
by piperidine. Although 4-chloro-2'-nitro-4 / -methyldiphenyl ether 
readily undergoes scission by piperidine, 4-ehloro-2-mtro-4'-methyl- 
diphenyl ether is somewhat resistant to this reagent. Since, in 
general, 2- or 4-nitrodiphenyl ethers permit of facile piperidine 
scission* it would appear that the chlorine atom in 4-chloro-2-nitro- 
4 / ~methyldiphenyl ether acts in opposition to the nitro-group. A 
similar effect may be produced by a bromine atom ; e.g., o-bromo- 
nitrobenzene readily reacts with potassium phenoxide to give 
2-nitrodiphenyi ether, but 2 : 5-dibromonitrobenzene reacts very 
indifferently. 

The nitration of 2 -chloro-2 '-nitrodiphenyl ether has been found 
to proceed according to the following scheme ; 
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The constitution of the chlorodinitro -ether follows from the fact 
that the ether is not identical with 2-chloro-2' : 4'-dinitro- 
diphenyl ether. 2-Bromo-2'-nitrodiphenyl ether is nitrated 
similarly. 

Bromination of 4-bromo-2-nitrodiphenyl ether takes place in the 
4'-position, for the product is identical with that obtained by the 
mononitration of 4 : 4'-dibromodiphenyl ether. 


Experimental. 

Preparation of Diphenyl Ethers .— The general procedure was as 
follows : Potassium hydroxide (1 mol.) was treated with so much 
water that a clear melt was obtained on heating to about 250° 
(about 1/10 to 1/15 mol.). The melt was then allowed to cool until 
incipient crystallisation began, and at once the phenolic substance 
(1 mol.) was rapidly added, with shaking. Subsequent procedure 
depended on the nature of the halogenonitro-compound to be used : 
(a) Halogenomononitro-compounds such as o-chloronitrobenzene, 
2 : 5-dibromonitrobenzene, etc. In such cases, the halogenonitro- 
compound (1 mol.) was added in one portion to the still hot phenoxide 
melt, the whole was well shaken, and then heated under a short 
air-condenser in a metal bath at 160—180° for 3—4 hours. { b ) Halo- 
genodinitro-compounds, such as l-chloro-2 : 4-dinitrobenzene. The 
halogenodinitro-compound (1 mol.) was added gradually with 
vigorous shaking during about 5 minutes. As a rule, potassium 
halide began to separate almost immediately, and the reaction was 
rendered complete by an hour’s heating at 100°, In all cases, the 
reaction product w r as shaken with hot dilute alkali, and the cooled 
mixture filtered or extracted with ether, according to the nature of the 
final product. 

It has not been found advisable to use copper-bronze as a catalyst 
in any of the condensations. . 

4-Chloro-4'-bromo-2'-nitrodiphenyl ether, prepared from p-chloro- 
phenol and 2 : 5-dibromonitrobenzene, was crystallised from glacial 
acetic acid; it then melted at 100 — 101°. Raiford and Colbert 
(J. Amer. Chem. Soc., 1926, 48 , 2652) gave m. p. 100*5°. 

4-Chloro-4'-bromo-2-nitrodiphenyl ether, from ^-bromophenol 
and 2 : 5-dichloronitrobenzene, had in. p. 95°. Raiford and 
Colbert {foe. cit.) gave m. p. 93—94°. 
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4^CkloroA' -bromo-2 : 2' -dinitrodiphenyl Ether, — 4-Chloro-4'-bromo- 
2'-nitrodiphenyl ether (3 g.) was added to a cold mixture of 15 g. of 
nitric acid (d 1*5) and glacial acetic acid (15 g.). The solution was 
gently warmed until the solid had dissolved, and then poured into 
water. The precipitated solid crystallised from glacial acetic acid 
in very pale yellow, silky needles, m. p. 165° (0*1482 g. gave 0*1350 g. 
AgCl + AgBr. C 12 H 6 0 5 N 2 ClBr requires AgCl + AgBr, 0*1316 g.). 

Similar nitration of 4-chloro-4'-bromo-2-nitrodiphenyl ether gave 
a product which alone or mixed with the above compound melted 
at 165°. 

^-Bromo-2 : 2' : 4' -irinitrodiphenyl Ether . — (1) 4-Chloro-4'-bromo- 
2-nitrodiphenyl ether was added to 10 parts of nitric acid (d 1*5) 
and the resulting solution was heated at 100° for 2 hours and then 
cooled and poured into water. The precipitated solid crystallised 
from glacial acetic acid in pale yellow, prismatic needles, m. p. 154° 
(Found : Br, 20*1. Calc. : Br, 20*8%). Raiford and Colbert 
(loc, dt.) gave m. p. 148*5°. We have found that a specimen kept 
for some months melts at 148 — 149°. (2) Similar nitration of 

4-chloro-4' -bromo-2 ' -nitrodiphenyl ether gave an identical product. 

4 : 4' -Dichloro-2 : 2' -dinitrodiphenyl Ether. — A solution of 4 : 4'- 
dichloro-2 -nitrodiphenyl ether in 10 parts of nitric acid {d 1*5) was 
warmed gently for 10 minutes. The cooled solution was poured 
into water, and the precipitate crystallised from glacial acetic acid. 
The dinitro-compound melted at 154° (compare Le Fevre, Saunders, 
and Turner, J., 1927, 1168). 

4t-Chloro-2 : 2' : 4' -trinitrodiphenyl Ether. — (a) 4 : 4'-Dichloro-2- 
nitrodiphenyl ether was added to 10 parts of nitric acid (d 1*5), 
and the solution heated at 100° for 2 hours. The whole was cooled 
and poured into water, and the solid obtained crystallised from 
glacial acetic acid. It formed yellow prismatic needles, m. p. 155°. 
Raiford and Colbert (loc. cit.) describe the compound as forming 
yellowish plates, m. p. 154° (Found : Cl, 10*8. Calc. : Cl, 10*5%). 

(6) 4-Chloro-2 : 2' : 4' -trinitrodiphenyl ether was also prepared by 
condensing p-chlorophenol with l-chloro-2 : 4-dinitrobenzene, the 
product being treated with cold fuming nitric acid. The solution 
was gently warmed and poured into water. The precipitate, after 
recrystalksation, had m. p. 155° alone or when mixed with the 
product from (a). 

(c) 4-Chloro-2'-nitrodiphenyl ether, when nitrated in a similar 
manner, gave a product identical with those from (a) and (6). 

Prolonged Action of Nitric Acid on 2: 4:-Dichloro- and 2 : 4-Dibromo- 
5 : 2' : 4' 4rinitrodiphenyl Ether.— The dichloro -ether was heated with 
10 parts of nitric acid (d 1*5) for 2 hours at 100°. A little hydrogen 
chloride was slowly evolved. The solution was poured into water, 



COMPOUNDS BY MEANS OE PIPERIDINE. PART IV. 1121 


and the precipitate washed and dried. It had 90% of the weight 
of the original ether, and melted at 128°, alone or when mixed with 
the pure trinitro-ether. Similar treatment of the dibromo -ether gave 
92% of unchanged ether, m. p. 139 — 140° alone or mixed with pure 
ether. 

2-Chloro-2'-nitrodiphenyl ether had .b. p. 345°, m. p. 47 — 48°. 
Roberts and Turner (J., 1925, 127, 1008) gave m. p. 48° (Found : 
Cl, 14-3. Calc. : Cl, 14*2%). 

2-CMoro- 2' : 4' -dinitrodiphenyl ether , prepared from o-chloro- 
phenol and l-chloro-2 : 4-dinitrobenzene, crystallised from glacial 
acetic acid-alcohol in cream-coloured prisms, m. p. 75 — 76° 
(Found : Cl, 12*0. C 12 H 7 0 5 N 2 C1 requires Cl, 12*05%). 

2-Chloro-4z : 2 r -dinitrodiphenyl Ether. — 2-Chloro-2'-nitrodiphenyl 
ether was dissolved in 10 parts of nitric acid {d 1*4) with warming. 
The solution was poured into water ; the precipitate obtained, after 
crystallising from glacial acetic acid, had m. p. 126 — 127° (Found : 
Cl, 12*0. C 12 H 7 0 5 hr 2 Cl requires Cl, 12*05%). 

2-GhloroA : 2' : 4' -trinitrodiphenyl Ether. — A solution of the 
4 : 2'-dinitro~ether in 10 parts of nitric acid ( d 1*5) was heated for. 
20 minutes at 100° and then poured into water. The resulting 
precipitate separated from glacial acetic acid in yellow rhombohedra, 
m. p. 135 — 136° (Found : Cl, 9*8. C 12 Hg0 7 N 3 Cl requires Cl, 10*5%). 

4t-Bromo-2-nitrodiphenyl Ether. — A mixture of 6 g. of potassium 
hydroxide, 0*2 c.c. of water, 9 g. of phenol, and 28 g. of 2 : 5-dibromo- 
nitrobenzene was allowed to react for 6 hours under the usual 
conditions. Although potassium bromide separated, only 14 g. 
of A-bromo-2-nitrodiphenyl ether were obtained, as a dark oil, b. p. 
228— 230°/21 mm. It was found impossible to remove a small 
quantity of unchanged dibromonitrobenzene (Found : Br, 28*7. 
C 12 H 8 0 3 NBr requires Br, 27*2%). 

Bromination of 4- Bromo-2-nitrodiphenyl Ether. — A solution of 
29 g. of this ether and 14*8 c.c. of bromine in 135 c.c. of glacial acetic 
acid was heated under reflux at 100° until hydrogen bromide was 
no longer evolved. The solution was poured into water, and the 
precipitate filtered off. It melted at 94° after crystallisation from 
glacial acetic acid, and was identical with a specimen of 4 : 4'-di- 
bromo-2 -nitrodiphenyl ether obtained by the mononitration of 
4 : 4 , -dibromodiphenyl ether (Le Fevre, Saunders, and Turner, 
loc. cit.). 

Prolonged Nitration of 4:-Bromo-2-nitrodiphenyl Ether. — The ether 
was dissolved in 10 parts of nitric acid {d 1*5), and a clear solution 
obtained by warming. On pouring the solution into water, and 
crystallising the precipitate from glacial acetic acid, a product was 
obtained, m. p. 180 — 182°. A second similar nitration raised the m. p. 
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to 191 — 192°, a t hir d to 195— 196°, and a fourth to 19fl°. The final 
product did not depress the m, p. of 2 : 4 : 2' : 4'-tetranitrodiphenyl 
ether. In another experiment, 5 g. of 4-bromo-2-nitrodiphenyl 
ether were heated with 25 g. of nitric acid (d 1*5) for 2 hours at 100°. 
The gases evolved were absorbed in alkali, and the alkaline solution 
analysed. It was found that 80% of the bromine originally present 
had been given ofi. Pure tetranitrodiphenyl ether was obtained 
from the nitric acid solution. 

Bromination of 2-Niirodiphenyl Ether . — A solution of 20 g. of the 
ether and 16 g. of bromine in 40 g. of glacial acetic acid was heated 
under reflux at 100° until the colour of the bromine had disappeared. 
The solution was poured into alcohol. The solid that separated 
on standing was crystallised from glacial acetic acid, and then had 
m. p. 72°. Raiford and Colbert (loc. cit.) obtained 4-bromo-2'-nitro- 
diphenyl ether by a condensation process, and gave m. p. 71°. 

2-Bromo-2' : 4' -dinitrodiphenyl ether , from o-bromophenol and 
l-chloro-2 : 4-dinitrobenzene, separated from glacial acetic acid in 
pale yellow leaflets, m. p. 88 — 89° (Found : Br, 23*4. C 12 H 7 0 5 N 2 Br 
requires Br, 23'6%). 

Mononitration of 2-Bromo-2 r : 4' -dinitrodiphenyl Ether . — The 
ether was added to a mixture of 5 parts of glacial acetic acid and 5 
parts of nitric acid (d 1-5). A clear solution was produced by warm- 
ing, and after 20 minutes it was poured into water, and the pre- 
cipitate collected. The 2-bromo- 4 : 2' : 4' -trinitrodiphenyl ether 
crystallised from glacial acetic acid in small yellow needles, m. p. 
127 — 128° (Found : Br, 21*6. C 12 H 6 0 7 N 3 Br requires Br, 20*8%). 

2-Bromo-2' -nitrodiphenyl ether , from o-bromophenol and o-chloro- 
nitrobenzene, had b. p. 251°/27 mm. It crystallised from glacial 
acetic acid-alcohol in yellow prisms, m. p. 49 — 50° (Found : Br, 
27*6. C 12 H 8 0 3 NBr requires Br, 27*2%). 

2-Bromo-4z : 2' -dinitrodiphenyl Ether. — 2 -Bromo-2 '-nitrodiphenyl 
ether (3 g.) was added to a mixture of 15 g. of glacial acetic acid and 
15 g. of nitric acid (d To). The whole was wanned until solution 
was complete, left for 20 minutes, and poured into water. The 
product separated from glacial acetic acid in rectangular crystals, 
m. p. 128° (Found : Br, 24*1. C 12 H 7 0 5 ISF 2 Br requires Br, 23*6%). 

Nitration of 4:-Bromo-2 r : 4' -dinitrodiphenyl Ether . — A solution of 
the ether in 10 parts of nitric acid (d 1*5) was warmed for a few 
minutes and poured into water, and the precipitate crystallised from 
glacial acetic acid; 4-bromo-2 : 2' : 4' -trinitrodiphenyl ether was 
then obtained, m. p. 154°. 

^ChhrQ-2-mtroA f -methyUipJienyl ether, prepared from jp-cresol and 
2 : o-diehloronitrobenzene, crystallised from alcohol in pale brownish 
plafe*$»m, P« 99° {Pound : 01, 13*8. C 13 H 10 O 3 Na requires 01, 13*6%). 
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An attempt was made to nitrate the ether with concentrated 
sulphuric acid and potassium nitrate. When the ether was dis- 
solved in the acid, hydrogen chloride was evolved, and on warming 
at 100° a clear solution was obtained, which on cooling and dilution 
gave white silky needles of 2-nitroA' -methyldiphenyi ether A-sulphonic 
acid, m. p. 129 — 130°. Crystallisation from light petroleum did not 
affect this m. p. (Found : S, 11-0. requires S, 10*4%). 

Action of Piperidine on 4:-Chloro-2-nitroA'- methyldiphenyi Ether . — 
The ether was heated for an hour at 100° with its own weight of 
piperidine. When the solution was made alkaline, a mixture of 
4-chloro-2-nitrophenylpiperidine and unchanged ether was precipit- 
ated. The mixture was extracted with 50% sulphuric acid; 
from the acid extract, on treatment with alkali, the pure chloro- 
nitrophenylpiperidine was precipitated. In a second experiment, a 
solution of the ether in excess of piperidine was boiled for several 
hours, the bulk of the piperidine distilled off, and alkali added; 
the chloronitrophenylpiperidine which then separated was removed. 
The filtrate was extracted with benzene until it was colourless, traces 
of benzene were removed by boiling, and p -toluene sulphonyl chloride 
was added to the heated alkaline solution. After some time, 
^>-tolyl ^-toluenesulphonate separated; after crystallisation from 
acetic acid-alcohol, it had m. p. 68°, alone or when mixed with an 
authentic specimen. 

4k-Chloro-2 : 2 f -dinitroA' -methyldiphenyi Ether. — 4-Chloro-2-nitro- 
4' -methyldiphenyi ether was dissolved in an ice-cold mixture of 
5 parts of glacial acetic acid and 5 parts of nitric acid (d 1*5). The 
solution was heated at 100° for an hour, cooled, and poured into 
water. The precipitate crystallised from acetic acid and alcohol 
in very pale yellow plates, m. p. 115° (Found : Cl, 12*1. C 13 H g 0 5 N 2 Cl 
requires Cl, 11*5%). 

Whenasolution of the dinitro-ether in nitric acid (d 1*5) was heated 
at 100° for an hour, hydrogen chloride was slowly evolved. When 
the solution was poured into water, a solid was obtained, in. p. 
146—149°. This could not be separated into definite fractions, 
but was probably a mixture of unchanged material with 2:4:2'- 
trinitro-4' -methyldiphenyi ether. 

i-Chloro-2 f -nitro A' -methyldiphenyi ether , prepared from 4-chloro- 
3-nitrotoluene and p-chlorophenol, crystallised from alcohol in 
very pale yellow, irregular, rectangular plates, m. p. 52° (Found : 
Cl, 13-6. C 13 H fa O^NCl requires Cl, 13-6%). 

When a solution of the ether in 5 parts of glacial acetic acid and 5 
parts of nitric acid (d 1*5) was heated for an hour at 100°, 4-chloro- 
2 : 2'-dinitro-4'-methyldiphenyl ether was obtained, identical with 
the product of nitrating the isomeric 2-nitro-ether. 
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Action of Piperidine on k-Cfiloro-% -nitro-4! -methyldiphenyl Ether . — 
A solution of the ether in its own weight of piperidine was heated 
for an hour at 100°. When excess of alkali was added to the cooled 
solution, 2-nitro-4-methylphenylpiperidine separated, m. p. 69°. 

Nitraiive Scission of I-Ghloro-2-nitro-I’ -methyl- and of 4- Chloro - 
2' -nitro-4! -methyl-diphenyl Ether . — The ethers were dissolved in 10 
parts of nitric acid (d 1*5) at 0°. After 20 minutes, the solutions 
were poured into water, and the yellow precipitates collected. 
After crystallisation they both melted at 74 — 75°, and were pure 
specimens of 4-chloro-2 : 6-dinitrophenol. 

All the m. p.’s given are corrected. 

Bedpord College, 

University op London. [Received, March 24th , 1930.] 


CXLII. — lO-Chloro-5 : 10 -dihydrophenarsazine and its 
Derivatives . Part XII. Further Experiments in 
the Investigation of the 1- and 3- Methyl Derivatives. 

By Charles Stanley Gebson and John Dobney Andrew 
Johnson. 

It was shown in Part VII (J., 1929, 767) that an apparently homo- 
geneous product, which can be either 10-chloro-l -methyl-5 : 10-di- 
hydrophenarsazine (II) or 10-chloro-3-methyl-5 : 10-dikydrophen- 
arsazine (III), can be obtained from 3 -methyldipheny lamine - 6 ' - 
arsinic acid (I) either by direct reduction or by conversion first into 
the homogeneous l(or 3)-methylphenarsazinic acid hydrochloride 
(IV) and subsequent reduction of the latter compound. Further, in 
Part X (J., 1929, 1473), it was proved that the same compound (II) 
or (III) was the homogeneous condensation product of phenyl- 
m-tolylamine and arsenious chloride. 


Me 
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In order to determine the constitution of the cyclic reduction 
product obtained from compound (I), substances having the con- 
stitutions (II) and (III) were synthesised by methods which should 
leave no doubt as to their structural formulae (Part VII, loc. cit.). 
The two substances thus synthesised were, however, indistinguishable 
and two explanations of this are possible : (1 ) the two substances may 
form solid solutions in each other, and (2) one of the rationally 
synthesised products may be transformed into the other by a rupture 
of the medial cyclic system, followed by cyclisation in the only other 
possible way (loc. cit., p. 775). 

The synthesis of substances (II) and (III) was attempted by 
the following series of reactions, which afford as little opportunity as 
possible of transformation of one into the other ; the first stage in 
each case is analogous to that employed in the first synthesis of 
10-chloro-5 : 10-dihydrophenarsazine (Burton and Gibson, J., 1926, 
452) : 


(a) 





0 A ^ 0H Me 

/Y Y\ 


V h m. 


(VI.) 


(V '> 0 OH 

a( Me 

/V 





H (VII.) 


(II) 


(b) 




(HI) 


The advantage of this method of synthesis appeared to be that 
the final cyclisation process did not involve the arsenic atom, and if 
the explanation (2, above) of the apparent or real identity of sub- 
stances (II) and (III) is the rupture of the heterocyclic nucleus, 
followed by cyclisation in a different way — both of which processes 
involve the arsenic atom — there was a reasonable hope that the 
syntheses would be accomplished without intramolecular change. 
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The series of reactions (b) was readily accomplished, the inter- 
mediate substances, 2'-bromo-2 ’nitroA-methyldiphenylarsmic acid 
(VIII) and 2 f -brmio-2~amimA-metkyldiphenylarsinic acid (IX) being 
highly crystalline substances of undoubted purity. The 10-ehloro- 
3-methyl-5 : 1 0 - dihy drophenarsazine thus rationally synthesised was 
indistinguishable from either of the previously rationally synthesised 
products and from the homogeneous products obtained by the 
methods mentioned above. 

Unfortunately, the proposed synthesis of 10-chloro- 1-methyl - 
5 : 10-dihydrophenarsazine by the series of reactions (&) could not 
be accomplished. acid (V) 

was prepared, but the reduction product could not be purified and an 
attempt to convert this crude material into (II) was unsuccessful. 

Although the immediate object of this part of these investigations 
has not been accomplished, it may be that 10-chIoro-3-methyl-5 : 10- 
dihydrophenarsazine has now been definitely synthesised. Before, 
however, the constitution of the 10-chloro-l(or 3)-methyl-5 : 10-di- 
hydxophenarsazine obtained in the above-mentioned reactions can 
be definitely stated, 10-chloro- 1 -methyl-5 : 10-dihydrophenarsazine 
must be synthesised in an unequivocal manner ; the balance of 
evidence, however, appears to be in favour of its being the 3-methyl 
compound. 

The present work indicates that possibly false conclusions maybe 
drawn as to the constitution of the product of a reaction which may 
give rise to one of two substances when this proves to be identical 
with one synthesised product and is not compared with the other 
synthesised isomeric substance. This problem is being investigated 
in different directions. 

Experimental. 

o-Bromophenylarsenious oxide is most conveniently prepared by 
passing carbon dioxide into a solution of pure o-bromophenyldi- 
cMoroarsine (Burton and Gibson, J., 1926, 457; Kalb, Annalen , 
1921, 423, 39) in dilute aqueous sodium hydroxide, warmed if 
necessary. The colourless oxide is filtered off, washed with water, 
and dried over potassium hydroxide under reduced pressure ; it is 
thus obtained as a fine colourless powder readily soluble in alkali 
hydroxide solutions, 

^-Bfom-2-mtroA-methyU^ Acid (VIII).— -Binely 

powdered and sieved 3-nitro-p-toluidine (7*6 g.) in hydrochloric acid 
(4G c.c.) and water (125 c.c.) was diazotised with sodium nitrite 
(3*8 g.) in water (9 c.c.) below 0°. A solution of o-bromophenyl- 
arsenious oxide (13*6 g.) in 5A’- sodium hydroxide (87 c.c.) and water 
(163 c.c.) to which had been added ammoniacal cupric sulphate 



PHENARSAZINE AND ITS DERIVATIVES . PART XII. 1127 

(10% cupric sulphate solution treated with excess of ammonia; 
5 c.c.) was then treated slowly at 20° with the diazo-solutkm without 
external cooling, the mixture being mechanically stirred. After 
one hour, the liquid was heated to boiling, treated with decolorising 
charcoal, and filtered. The filtrate was saturated with carbon 
dioxide to precipitate unchanged o-bromophenylarsenious oxide and, 
after filtration, carefully acidified with concentrated hydrochloric 
acid. The amorphous yellow acid which was precipitated could 
not be crystallised directly and was converted into its sodium salt 
by dissolving it in warm 20% aqueous sodium hydroxide and cooling 
.the solution. The buff -yellow sodium salt was filtered off, washed 
with 20% aqueous sodium hydroxide and dissolved in water, and the 
solution acidified with hydrochloric acid. The almost colourless 
acid was recrystallised from slightly diluted acetic acid (charcoal) 
and obtained in colourless needles (4*33 g.), m. p. 252—254° (decomp, 
after slight softening) (Found : As, 19*2. C 13 H 1:L 0 4 NBrAs requires 
As, 18*7%). The ammonium salt crystallises from solution in 
concentrated aqueous ammonia in characteristic, colourless, rhomb- 
shaped plates. 

2 r -Bromo-2*aminoA-methyMijpMnylarsinic Acid (IX). — A hot 
solution of the preceding acid (5-95 g.) in sodium hydroxide solution 
(1*5 g. in 30 c.c.) was added to a boiling suspension of ferrous 
hydroxide [ferrous sulphate crystals (25 g.), water (75 c.c.), and 
sodium hydroxide solution (25%, 30 c.c.)], and the mixture boiled 
for 15 minutes and filtered. The filtrate was carefully acidified with 
concentrated hydrochloric acid ; the precipitated acid, recrystallised 
from slightly diluted acetic acid (charcoal), was obtained in colourless 
needles (3*9 g.), decomposing vigorously at 264—265° after previous 
darkening from about 240° (Found : As, 20*7. C 13 H 13 0 2 lXBrAs 
requires As, 20*3%). This acid in contradistinction to the nitro-acid 
is soluble in cold concentrated hydrochloric acid. 

Cyclisation of 2 f -bromo-2-aminoA-methyMiyhmylarsinic acid . A 
mixture of the preceding acid (3*08 g.), potassium carbonate (1*22 g.}, 
amyl alcohol (22 c.c.), and a trace of copper powder was boiled for 
15 hours, volatile substances then being removed by steam distilla- 
tion, the aqueous solution filtered, and the filtrate acidified. The 
liquid filtered very slowly from the precipitated gelatinous discoloured 
acid. After being washed with water and dried as far as possible 
on the filter, the acid was dissolved in a mixture of alcohol and 
concentrated hydrochloric acid, to which a trace of iodine was added, 
and the solution was saturated with sulphur dioxide. The dis- 
coloured yellow solid was filtered off, dried over potassium hydroxide 
under reduced pressure, and crystallised from benzene (charcoal). 
After one crystallisation it had m. p. 215 — 216° after previous 
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softening from about 211°, and a further crystallisation gave 
10-chloro -3 -methyl-5 : 10-dihydrophenarsazine, m. p. 215 — 216-5° ; 
the yield was small (Found : Cl, 12*3. Calc. : Cl, 12-2%). 

2 f -Bromo-2-nitro-§-wiethyldipJieny]arsinic Acid (V ). — This was 
prepared in a similar manner to that employed for the isomeric acid 
(VTU), 3-nitro-o-toluidine being used instead of 3-nitro-p-toluidine. 
The crude acid was purified by direct crystallisation from slightly 
diluted acetic acid, from which it separated in almost colourless, 
small plates. When recrystallised from the same medium, it was 
obtained in pale yellow plates, softening at 226°, darkening and 
finally decomposing at 237—239°; yield 29% (Found : As, 19*0. 
C 13 H n 0 4 NBrAs requires As, 18-7%). The sodium salt separates 
from a solution of the acid in warm 20% aqueous sodium hydroxide 
in colourless small plates. 

Guy’s Hospital Medical School (University of London), 

London, S.E.L [ Received , March 24=th, 1930.] 


CXLIIL — ortho- and met&- Derivatives of Simple 
Alkyl Phenyl Ketones . 

By Leslie Alderman Elson, Charles Stanley Gibson, 
and John Dobney Andrew Johnson. 

In connexion with a part of an extended investigation of certain 
types of organic arsenical compound it has been necessary to 
review our knowledge of derivatives of aceto-, propio-, and %-butyrp- 
phenones required as starting materials. In certain cases, the 
published methods of preparation were not suitable for our purpose 
and, in others, the compounds as described were apparently not 
pure. This preliminary investigation was, of necessity, somewhat 
prolonged and entailed the preparation of derivatives not hitherto 
described. 

The first compounds required were the o- and m-amino-de- 
rivatives of the above ketones and their preparation was carried 
out in the same way in all cases. Each of these ketones, on ni- 
tration, yields a mixture of the o- and m-nitro-compounds, from 
which the ^-compound is easily separated and obtained pure, 
leaving an uncrystallisable oil (crude o-nitro-ketone) which is 
chiefly the o-compound containing some of the ra-isomeride. The 
pure m-nitro -ketone is reduced to the corresponding amino- com- 
pound, which can be easily obtained in a state of purity. The 
crude o-nitro-ketone on reduction yields a mixture of the o- and the 
m-amino -ketone. From this mixture, the o-amino-ketone is 
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separated by steam distillation; in every case,- the m-isomeride is 
much less volatile in steam than the o-compound, which can thus 
be readily obtained pure. 

o-Aminoacetophenone has now been obtained as a pale yellow, 
crystalline solid, m. p. 20°. m-Bromoacetophenone has m. p. 7 — 8° ; 
it yields 3 : ca-dibromoaceiophenone on direct bromination and 
5-bromo-2-nitroacetophenone on nitration. 

m-Aminopropiophenone does not yield a semicarbazone under 
the same conditions as the o-coinpound. The reaction between 
o-aminopropiophenone and semicarbazide hydrochloride, under 
the conditions described in the experimental portion, besides giving 
the semicarbazone, yields another product which is mentioned 
below. o-Bromopropiophenone, when brominated in acetic acid 
solution, yields 2 : a -dibromopropiophenone. 

%-Butyrophenone (w-propyl phenyl ketone), prepared from 
%-butyryl chloride by the Friedel-Crafts reaction, has m. p. 13° 
(compare Morgan and Hickinbottom, J., 1921, 119, 1882). o- 
Bromobutyrophenone on bromination yields first 2 : a -dibromo- 
butyrophenone and then 2 : a : u-tribromobutyrophenone. Analysis 
of the latter compound and of 4 : a- dibromobutyraphenone — prepared 
from bromobenzene and a-bromobutyryl chloride by the Friedel- 
Crafts reaction— indicated the great tendency of these compounds 
to lose hydrogen bromide. 4z-CMoro-a-bromobutyropheno7ie was, 
however, isolated in the crystalline state from chlorobenzene and 
a-bromobutyryl chloride by the Friedel-Crafts reaction. Like 
m- aminopr opiophenone , m-aminobutyrophenone does not yield a 
semicarbazone under the usual conditions. The reaction between 
o-aminobutyrophenone and semicarbazide hydrochloride is discussed 
below. 

With the exceptions noted above, there is little difficulty in iso- 
lating the semicarbazones of many of the compounds described 
and these may prove useful for identification purposes. The re- 
actions, however, between o-aminopropiophenone and semicarbazide 
and between the latter compound and o - amino -%-butyrophenone 
need special comment. In isolating the semicarbazone of o -amino - 
propiophenone, it was noticed that the crude substance was con- 
taminated with a bright yellow substance the quantity of which 
was increased when the reaction was prolonged and especially when 
the mixture was heated. A yellow substance only was obtained 
when o-amino-n-butyrophenone was treated with semicarbazide 
hydrochloride under the usual conditions, and the yield, again, 
of this product was increased when the reaction mixture was heated. 
The two yellow substances resembled each other very closely, 
both crystallising in yellow needles; that obtained from o -amino - 
QQ 
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propiophenone had m. p. 130° and that from 0 -amino-? 2 --butyro- 
phenone had m. p. 135°, this being obtained the more easily. The 
latter compound had the empirical formula C 10 H 13 N 2 and the 
molecular weight determination by the method of Hast indicated 
that this was half the molecular formula. It soon became evident 
that the two compounds were ketazines, that from o-aminopropio- 
phenone being ethyl-o-aminophenylketazine (I) and that from 
o-amino-ft-butyrophenone being n-propyl-o-aminophenylJcetazine (II). 



The ease of formation of these substances seems unusual, ketazines 
being generally formed either by the action of hydrazine on ketones 
or by heating the semicarbazones to a moderately high temperature 
(Scholtz, Ber., 1896, 29, 610; Borsche, Ber., 1901, 34, 4301; 
Bruining, Bee. trav. chim., 1922, 41, [ii], 655), ammonia and 
hydrazodicarbonimide being formed during the decomposition. 
An attempt to prepare substance (I) by heating o-aminopropio- 
phenonesemicarbazone above its melting point was unsuccessful, 
although the formation of a yellow material and evolution of 
ammonia were noticed. An attempt to prepare methyl-o-amino- 
phenylketazine by the action of semicarbazide hydrochloride on 
o-aminoacetophenone in a similar manner to that described above 
led only to the isolation of the semicarbazone. 

Experiment a l. 

The nitration of acetophenone has been extensively studied by 
Morgan and Moss (J. Soc. Chem. Ind ., 1923, 461t). Eor the present 
work, acetophenone in lots of 30 c.c. was run slowly into stirred 
nitric acid ( d 1*50), 140 c.c. being used each time and the temperature 
kept below 0°. After h hour, the product was poured on ice, and 
the crystalline m-nitroacetophenone separated by filtration. From 
the filtrate, made alkaline with sodium carbonate and hydroxide, 
the crude o-nitroacetophenone (containing some of the m-isomeride) 
was extracted with ether, the extract was washed with water and 
dried with calcium chloride, and the ether evaporated. To this 
crude o-nitroacetophenone was added the oily residue resulting 
from the evaporation of the alcoholic mother-liquor from the 
reerystaHisation of the m-nitroacetophenone. 

The pure m-nitroacetophenone was reduced under substantially 
the same conditions as described by Morgan and Moss. After 
recrystallisation from alcohol, m-aminoacetophenone was obtained 
in pale yellow plates, m. p. 98 — 99° (Morgan and Moss give 92 — 93°). 

crystallises from water in 
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colourless prisms, m. p. 196° (decomp.) (Found : N, 29-3. C 9 H 12 ON 4 
requires NT, 29*2%), and vti-ip-toluenesulphonainidoacetopheiione 
from alcohol in colourless needles, m. p. 130° (Found : N, 4*9. 
Ci 5 H 15 0 3 NS requires N, 4*85%). 

The crude o-nitroacetophenone was reduced with tin and hydro- 
chloric acid as described by Morgan and Moss. The resulting 
mixture was made strongly alkaline with sodium hydroxide and 
submitted to steam distillation. The o-aminoacetophenone in the 
distillate was extracted with ether, dried with calcium chloride, 
and recovered ; it had b. p. 130*5°/14 mm., 124°/10 mm., m. p. 20° 
(compare Morgan and Moss, loc. cit.). The pure ketone is almost 
colourless. 

o-Aminoa^etophenonesemicarbazone crystallises from alcohol in 
colourless plates, m. p. 290° (decomp.) (Found : N, 29*8. C 9 H 12 ON 4 
requires N, 29*2%). The p - toluenesulphonyl derivative crystallises 
from alcohol in colourless hexagonal plates, m. p. 148° (Found : 
N, 4*9. C 15 H 15 0 3 NS requires N, 4*85%). 

From 180 g. of acetophenone were obtained 40 g. of pure o-amino- 
acetophenone and 65 g. of pure m-aminoacetophenone. 

To obtain o-bromoacetophenone (compare Meisenheimer, Zimmer- 
mann, and Kummer, Annalen, 1926, 446, 205), o-aminoacetophenone 
(40 g.) was dissolved in hydrobromic acid (36%, 122 c.c.) and water 
(120 c.c.) and diazotised with a solution of sodium nitrite (21*2 g.) 
in water (36 c.c.) below 0°. The diazotised solution was treated 
with a solution in hydrobromic acid (d 1*49, 100 c.c.) of cuprous 
bromide made by reducing copper sulphate crystals (54*2 g.) in 
water (180 c.c.), mixed with potassium bromide (27*2 g.) dissolved 
in water (63 c.c.), with sulphur dioxide. After heating for some 
time on the water-bath, the o-bromoacetophenone was removed by 
steam distillation, extracted from the distillate with ether, washed 
successively with dilute sodium hydroxide solution, dilute hydro- 
chloric acid, and water, dried with calcium chloride, and recovered. 
On distillation under reduced pressure it was obtained as a pale 
yellow liquid , b. p. 112°/10 mm., which did not solidify above — 16°. 
Yield, 80%. 

o-Bromoacetophenonesemicarbazone crystallised from alcohol in 
colourless prisms, m. p. 177° (Found : N, 16*7. C 9 H 10 ON 3 Br 
requires N, 16*4%). 

m-Bromoacetophenone , obtained from m-aminoacetophenone as 
o-bromoacetophenone from o-aminoacetophenone, is a pale yellow 
oil, b. p. 127 *5°/14 mm. and 131°/16 mm., which solidifies to an almost 
colourless, crystalline solid, m. p. 7 — 8°. Yield, 54% (Found : Br, 
40*5. C 8 H 7 OBr requires Br, 40*15%). On oxidation with sodium 
hypobromite it was converted into m-bromobenzoic acid, m. p. 155°. 
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m-Bromoacetophenonesemicarbazone crystallised from alcohol in 
colourless needles, m. p. 232—233° (decomp.) (Found : N, 16*3. 
C 9 H 10 ON 3 Br requires N, 164%). 

o-Bromo-2-hiiroacetophenone was obtained by adding m-bromo- 
acetophenone (10 g.) to well-stirred nitric acid (d 1-50, 70 c.c.) 
below 0° and pouring the mixture on ice; the solid produced 
crystallised from alcohol (charcoal) in almost colourless needles, 
m. p. 98° (Found : 3ST, 5*8. C 8 H 6 0 3 2SFBr requires N, 5*7%). It 
gave 5-bromo-2-nitrobenzoic acid, m. p. 138 — 140°, on oxidation 
with sodium hypobromite. 

3 : <*-Dibromoacetophenone. — m-Bromoacetophenone (12*2 g.), dis- 
solved in acetic acid (50 c.c.), was treated with bromine (3*08 c.c., 
1 mol.). On heating on the water-bath, hydrogen bromide was 
evolved and the liquid became colourless. It was then poured 
into water and the 3 : &-dibrommcetophenone was extracted with 
ether, washed with dilute sodium hydroxide solution and then with 
water, dried with calcium chloride, recovered, and distilled under 
reduced pressure, some unchanged material distilling first. The 
dibromo-ketone, obtained in 40% yield, had b. p. 172 — 174°/14 mm., 
solidified on cooling, and crystallised from ligroin (b. p. 60 — 80°) 
in long colourless needles, m. p. 51° (Found : Br, 57*1. C 8 H 6 OBr 2 
requires Br, 57*5%). By oxidation with sodium hypobromite it 
was converted into m-bromobenzoic acid, m. p. 154°. 

3 : <^-Dibromoacetophenonesemicarbazone crystallises in clusters 
of flattened needles, m. p. 163 — 164° (decomp.) (Found : N, 13*05. 
C 9 H^ON 3 Br 2 requires N, 12*55%). 

The Nitration of Propiopkenone. — This was carried out exactly 
similarly to that of acetophenone and the products were also worked 
up similarly. The m-nitropropiophenone crystallises in pale yellow 
needles, m. p. 98 — 100°, and on oxidation with potassium per- 
manganate is converted into m-nitrobenzoie acid (compare, however, 
Comanducci and Pescitelli, Gazzetta, 1906, 36, ii, 787). 

The reduction of m-nitropropiophenone was carried out with 
iron turnings and acetic acid, and the product worked up in the 
usual maimer. m-Aminopropiophenone was obtained as a pale 
yellow oil, b. p. 168 — 169°/15 mm., which solidified to a yellow 
solid, m. p. 42° (Found : ■ C, 73*3; H, 7*5. C 9 H n OK requires C, 
72*5 ; H, 7*4%). The yield is variable and may be as high as 60% ; 
in some cases a large quantity of a resinous mass remained after 
the first distillation. 

m-p-T oluenesulphonamidopropiophenone crystallised from alcohol 
in colourless needles, m. p. 97° (Found: N, 4*7. C 16 H 17 0oNS 
requires N, 4*6%). 

The reduction of the crude o-nitropropiophenone with tin and 
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hydrochloric acid was carried out in the same manner as for the 
crude o-nitroacetophenone. The o-aminopropiophenone was isol- 
ated by steam distillation and crystallised from the distillate in 
pale yellow plates, m. p. 46° (compare Auwers and Diiesberg, Ber., 
1920, 53, 1208). From 290 g. of propiophenone were obtained in 
a state of purity 35 g. of o-aminopropiophenone and 73 g. of m- 
aminopropiophenone . 

o-Aminopropiophenonesemicarbazone, when prepared in the usual 
manner in the cold , crystallises from alcohol in colourless prisms, 
m. p. 190° (decomp.) (Found : N, 27-3. C 10 H 14 ON 4 requires N, 
27-2%). When the solution of the reacting substances is heated, 
the semicarbazone obtained is mixed with the ketazine (see below). 
o-p-Toluenesulphonamidopropiophenone crystallises from alcohol 
in colourless prisms ; it does not appear to have a definite melting 
point, softening at about 125° and then decomposing over a con- 
siderable range (Found : NT, 4*6. C 16 H 17 0 3 hTS requires 1ST, 4-6%). 

o -Bromopropiophenone, prepared from o-aminopropiophenone 
in the same way as the bromoacetophenones from the corresponding 
amino-compounds, was obtained as a pale yellow oil, b. p. 125°/ 
12 mm., which does not solidify above — 16° ; yield, 75% (Found : 
Br, 37*3. CjjH^GBr requires Br, 37-5%). o-BrotnoprGpiophenone - 
semicarbazone crystallises from alcohol in colourless plates, m. p. 
182° (Found : N, 15-7. C 10 H 12 ONaBr requires N, 15-55%). 

On bromination of o-bromopropiophenone in acetic acid under 
similar conditions to those described above, what was probably 
o : a -dibromopropiophenone was formed. This was obtained as a 
pale yellow liquid, b. p. 154 — 155°/12 mm., which solidified and 
crystallised in flat prisms with pyramidal ends, m. p. 38 — 39°; 
yield, 75% (Found: Br, 54-0. C 9 H 8 OBr 2 requires Br, 54-7%). 
It gave, on oxidation with potassium permanganate, o-bromo- 
benzoic acid, m. p. 147°. 

m-j Bromopropiophenone, prepared in the usual manner from 
wa-aminopropiophenone, is a yellow liquid, b. p. 143°/18 mm., which 
sets to a pale yeflow solid, m. p. 36°; yield, 52% (Found : Br, 
36-7. C 9 H 9 OBr requires Br, 37-5%). m -Bromopropiophenone- 
semicarbazone crystallises from alcohol in colourless needles, m. p. 
180° (Found : FT, 15-6. G^H^ONgBr requires N, 15-55%). 

?&-Butyrophenone was obtained in 66% yield by the action of 
?&-butyryl chloride on benzene in the presence of aluminium chloride. 
It has m. p. 13°. It was nitrated in the manner above described 
for the analogous compounds (compare Morgan and Hickinbottom, 
J., 1921, 119, 1882) and the products were worked up in the usual 
manner. m-Nitro-w-butyrophenone had m. p. 62—63° when 
recrystallised from alcohol (almost colourless plates) and was 
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obtained in 42% yield. m -Nitro-n-butyropheno?iesemicarbazom 
crystallised from alcohol in pale yellow needles, m. p. 166 — 167° 
(Found : 1ST, 22-8. requires N, 22*4%). The con- 

stituents of the crude o-nitro-w-butyrophenone could not be 
separated by fractional distillation under reduced pressure. 

Pure m-mtro-n-butyroplienone was reduced with iron turnings 
and acetic acid in the manner already described, and the reaction 
product worked up in the usual manner. w-Amino-%-butyro- 
phenone is a pale yellow liquid, b. p. 179 — 180°/16 mm., which 
sets to a yellow T solid, m. p. 27 — 28°. m -p - Toluenesulphonamido - 
n-butymphenone crystallises from somewhat diluted alcohol in 
colourless needles, m.p. 70° (Found : N, 4*3. C 17 H 19 0 3 NS requires 
*M*4%). 

The crude o-mtro-# -butyrophenone was reduced with tin and 
hydrochloric acid and the reduction product was worked up in a 
similar maimer to that employed for the crude o-nitroacetophenone, 
the o-amino-w-butyrophenone, unlike the corresponding m-corn- 
pound, being volatile in steam. o-Amino-n-butyrophenone crystal- 
lises from alcohol in colourless plates, m. p. 45° ; it has b. p. 153°/ 
16 mm. (Found : N, 8-9. C 10 H 13 ON requires N, 8*6%). From 
375 g. of 'ft-butyrophenone were obtained 55 g. of pure o-amino- 
w-butyrophenone and 85 g. of pure m - amino -?i - butyrophenone . 

o - p - Toluenesulphonamido - n - butyrophenone crystallises from 
alcohol in colourless rhombic plates, m. p. 110° (Found : N, 4*35. 
C 17 H 19 0 3 NS requires N, 4*4%). 

o-Bromo-n-butyrophenone , prepared from the o-amino -compound 
in the usual way, is a very pale yellow oil, b. p. 143°/16 mm., which 
does not solidify above — 16°. The yield is 68% (Found : Br, 
34*5. C 10 H 11 OBr requires Br, 35*2%). 

o-Bronio-n-butyrophenonesemicarbazone crystallises from alcohol 
in colourless needles, m. p. 172° (Found : N, 15*15. C 13 H 14 ON 3 Br 
requires N, 15*45%). 

What is presumably o : tx-dibromo-n-butyrophenone was obtained 
by the bromination of o - br om o - ?z - butyrophenone in acetic acid 
solution with bromine (1 mol.). It is a pale yellow oil, b. p. 172°/ 
16 m m ., which darkens in the air. It does not solidify above 
— 16° (Found : Br, 51*4. C 10 H 10 OBr 2 requires Br, 52*2%). When 
oxidised with potassium permanganate it is converted into o-bromo- 
benzoic acid, m. p. 148°. 

When o-bromo-7i-butyrophenone was brominated with bromine 
(3 mols.J, some of the latter remained unabsorbed and was evapor- 
ated. The product was poured into water, extracted with ether, 
and the ether evaporated. The solid residue was crystallised by 
allowing its solution in alcohol to evaporate slowly and was obtained 
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in colourless plates, m. p. 27 — 28° (Found : Br, 61*3. C 10 H 9 OBr 3 
requires Br, 62*3%). The substance, probably o : a : a -tribromo- 
n-butyrophenone , was not readily oxidised by the ordinary methods. 

m-Br(m> 0 ’icL-butyrophenone , obtained from m-amino-n-butyro- 
phenone, is a pale yellow liquid, b. p. 152°/20 mm. It solidifies to 
an almost colourless solid, m. p. 9 — 10°; yield, 41% (Found : Br, 
34-2. C 10 H n OBr requires Br, 35*2%). Its semicarbazone crystal- 
lises from alcohol in colourless prisms, m. p. 158° (Found : N, 
15*4. C 11 H 14 ON 3 Br requires N, 15*45%). 

p-CMorO’Ct-bromo-n-butyrophenone was obtained by treating 
a-bromobutyryl chloride (46*4 g.) with chlorobenzene (84*4 g.) in 
the presence of aluminium chloride (36 g.) and carbon disulphide 
(46 c.c.). After the vigorous reaction had ceased, the mixture was 
boiled for 2 hours, poured into water, and extracted with ether and 
the extract was evaporated after being washed and dried. The 
product was distilled and had b. p. 162°/14 mm. ; yield, 66%. It 
crystallised from alcohol in colourless rectangular plates, m. p. 
43° (Found : 0*3928 g. gave 0*4960 g. of mixed silver halides. 
Ci 0 H 10 (X}lBr requires 0*4974 g.). On oxidation with potassium 
permanganate, _p-chlorobenzoic acid, m. p. 236°, was obtained. 

On attempting to prepare p : a-dibromo-?&-butyrophenone by the 
same method, an almost colourless liquid having b. p. 180°/15 mm. 
and containing 47*1% of bromine (C 10 H 10 OBr 2 requires Br, 52*2%) 
was obtained in a yield of 79%. The substance obtained in 58% 
yield by the bromination of m-bromo butyxophenone was a 
yellow oil, b. p. 180°/18 mm. (Found : Br, 49*9%). 

Both of these substances darken rapidly on standing and the low 
bromine content is due to partial decomposition with elimination 
of hydrogen bromide from the side chain. 

n-Propyl-o-aminophenylketazine (II). — A mixture of o -amino - 
w-butyrophenone (3*4 g.), alcohol (22 c.c.), semicarbazide hydro- 
chloride (2*7 g.), sodium acetate (6 g.), and water (22 c.c.) was kept 
for several days ; yellow needles then separated. The substance, 
which was formed more rapidly when the mixture was heated on 
the water-bath, crystallised from alcohol, in which it was readily 
soluble, in yellow needles, m. p. 135° (Found : 0, 74*6 ; H, 8*0 ; 
N, 17*4; M, 328. C 20 H 26 N 4 requires C, 74*5; H, 8*1; N, 17*4%; 
AT, 322). 

The compound is insoluble in water and dissolves to a colourless 
solution in dilute hydrochloric acid, from which, on being made 
alkaline, an oil, probably o -amino - n - bu tyr ophenone , is precipitated, 
Ethyl-o-aminoplienylketazine (I). — A mixture of o-aminopropio- 
phenone (3*3 g.), semicarbazide hydrochloride (2*7 g.), sodium 
acetate (6 g.), alcohol (22*5 c.c.), and water (22*5 c.c.) was boiled 
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for several days ; the yellow ketazine then separated together with 
some colourless semicarbazone. The mixture of solids was boiled 
with a little alcohol to dissolve the more soluble ketazine, and the 
solution filtered. The ketazine which crystallised from the filtrate 
was pure after one further crystallisation from alcohol, forming 
yellow needles,- m. p. 130° (Found: C, 73*8; H, 7*8; IT, 18*8. 

requires C, 73*5; H, 7*5; N, 19*05%). Like compound 
(II), it dissolves to a colourless solution in hydrochloric acid ; when 
t his solution is made alkaline, an oil, probably o-aminopropio- 
phenone, is precipitated. 

On heating o-aminopropiophenonesemicarbazone for 2 hours at 
23Q — 240°, a yellow resinous material was produced, ammonia 
having been evolved. It was not possible to separate any of the 
expected ketazine from the solid product. 

Guy’s Hospital Medical School (University of London), 

London, S.E. 1. [Received, March 24th, 1930.] 


CXLIV . — The Synthesis of Glucosides. Part IV. 
Alizarin Glucoside. 

By Alexander Robertson. 

By the interaction of tetra-acetyl- a-glueosidyl bromide and alizarin 
in the presence of quinoline and silver oxide, Takahashi (J*. Pharm . 
Soc. Japan , 1925, 525 , 4) prepared the tetra-acetyl glucoside of 
alizarin, which on deacetylation with alkali yielded a mono- 
glucoside, m. p. 230 — 231°. Glaser and Kahler (Ber., 1927, 60 , 
1349), using the acetone-alkali method, seem to have isolated 
the same tetra-acetyl glucoside, but on deacetylation by means of 
methyl-alcoholic ammonia they obtained alizarin and a red com- 
pound which they considered was the 1 : 2-diglucoside of 9 : 10-di- 
amino-1 : 2 ; 9 ; 10-tetrahydroxyanthracene and was converted by 
cold hydrochloric acid into 1 ; 2-diglueoalizarin, m. p, 214°. The 
production of a diglueoside in this manner was thought to be highly 
improbable, and, moreover, would restrict the use of this convenient 
method, of deacetylation. In addition, the results were complicated 
by the fact that Fischer’s method for the preparation of a-glucosides 
depends on the use of quinoline (Ber., 1916, 49 , 2813). The experi- 
ments described in this communication were therefore undertaken. 

Zemplen and Muller (Ber., 1929, 62, 2107), using Takahashfs 
method* have confirmed the results of this investigator. They also 
found that deacetylation of the tetra-acetyl glucoside as described 
by Glaser smd Kahler gave a red compound of variable composition 
which on treatment with warm aqueous-alcoholic hydrochloric acid 
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afforded alizarin monogluco3ide identical with that, m. p. 236 — 237 3 , 
obtained by deacetylation with alkali. The experimental results 
described below agree with the observations of Zemplen and Muller. 
A convenient procedure for the preparation of the tetra-acetyl 
glucoside by the acetone-alkali method is described (compare 
Glaser and Kahler, loc. cit.). Since acetylation of alizarin glucoside 
prepared by either method of hydrolysis and of the tetra-acetyl 
derivative gave the same penta-acetyl compound, it follows that 
migration of the glucose residue does not occur. 

The fact that the red compound is not instantaneously decomposed 
by warm dilute acetic acid renders it unlikely that the substance is a 
simple ammonium salt. In support of this it may be noted that 
alizarin glucoside is liberated from its sodium salt by cold dilute 
acetic acid. Deacetylation of O-tetra- acetyl-2- (3-glucosidoxyanthra- 
quinone (compare Muller, Ber., 1929, 62, 2793) with methyl-alcoholic 
ammonia gave 2- $-glucosidoxyanthmquinone identical with that 
obtained by hydrolysis with alkali. 

Previous investigators (Takahashi, loc. cit.; Glaser and Kahler, 
loc . cit . ; Zemplen and Muller, loc. cit.) have suggested that the 
glucose residue of the tetra-acetyl glucoside of alizarin is attached at 
the 2-position. This conclusion was based on the well-known fact 
that in compounds like alizarin the hydroxyl group in the o-position 
to carbonyl is difficult to alkylate. Attempts to confirm this 
structure by the aid of boroacetic anhydride gave unsatisfactory 
results (compare Eobertson and Waters, J., 1929, 2239). Although 
the addition of the glucoside or its acetyl compound to a solution of 
the reagent in acetic anhydride gave a red coloration indicating the 
formation of a boroacetate, a solid derivative could not be isolated ; 
the red solutions became yellow on addition of water. The isolation 
of 1 -methyl alizarin as a product of the hydrolysis of 0 -tetra-acetyl* 
2 - $-glucosidoxy - 1 -methoxya nthraquinone (I) finally afforded con- 
clusive proof of the constitutions of (I) and of alizarin glucoside ; 
deacetylation of (I) gave the glucoside of 1 -methyl alizarin. 

. Acetylation of the amorphous condensation product of 0-hepta- 
acetylxnaltosidyl bromide and alizarin gave a crystalline O -octa*. 
acetyl malioside, not identical with the octa-acetyl derivative of 
ruberythric acid. 

The hydroxyxanthone glucosides (Eobertson and Waters, loc. cit.) 
are readily decomposed by boiling 10% aqueous sodium hydroxide 
and in this respect resemble the compounds described in this com-- 
munication. 

Experimental, 

2-$-Ghtco$idoxyanthwquinone. — 0-Tetra-acetyl-a-glucosidyl brom- 
ide (8*2 gd was added to a solution of 2-hydroxyantla*aqumone 
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(6 g.) and potassium hydroxide (1-2 g.) in acetone (60 c.c.) and water 
(20 c.c.)* The mixture was kept at room temperature for 16 hours 
and 12% aqueous potassium hydroxide (10 c.c.) and a further 
quantity of bromide (8*2 g.) were then added. After 24 hours, the 
reaction mixture was acidified with acetic acid, and on addition of 
water (300 c.c.) the tetra-aeetyl glucoside (mixed with 2-hydroxy- 
anthraquinone) separated. Repeated crystallisation from alcohol 
gave the substance (3*5 g.) in almost colourless, rectangular plates, 
m. p. 168° (Muller, loc. cit ., gives m. p. 164°) (Found in material 
dried at 100°: C, 60*6; H, 5*0. Calc, for : C, 60*5; 

H, 4*7%). 

The tetra-aeetyl derivative (2 g.), suspended in warm methyl 
alcohol (80 c.c.), was treated with 10% aqueous sodium hydroxide 
(16 c.c.) at 60° for o minutes. The cooled mixture slowly deposited 
2-$-gliicosidoxyantJiraquinone (1 g.), which crystallised from dilute 
alcohol in pale yellow needles containing 1H 2 0, m. p. 248 — 249° 
(Found: C, 59*5; H, 5*3. C 20 H 18 O 8 .H 2 O requires C, 59*4 ; H, 5*0%. 

Found in material dried at 110° in a high vacuum for 2 hours : C, 
62*2; H, 4*7. C 20 H 18 O 8 requires C, 62*2; H, 4*7%). The com- 
pound tends to separate from warm dilute alcohol as a pale yellow gel 
which gradually crystallises. It is moderately easily soluble in 
warm water and sparingly soluble in hot alcohol. Acetylation with 
acetic anhydride and sodium acetate gave the tetra-aeetyl derivative, 
m. p. 168°. In boiling 10% aqueous sodium hydroxide the glucoside 
decomposes with the formation of the red sodium salt of 2-hydroxy- 
anthraquinone. It is readily hydrolysed by emulsin and by warm 
15% hydrochloric acid to glucose and the anthraquinone. 

Deacetylation of the tetra-aeetyl glucoside by means of methyl- 
alcoholic ammonia during 22 hours at 0° afforded the glucoside in 
almost theoretical yield, m. p. and mixed m. p. 248 — 249° after 
crystallisation from dilute alcohol. 

2-0~Teira-acetyl-^ghicosidoxy-l-hydroxyanthraqumone. — A mix- 
ture of alizarin (18 g.), potassium hydroxide (2*8 g.), and 50% 
-aqueous acetone (400 c.c.) was agitated for J hour to ensure the form- 
ation of potassium alizarate. A solution of O-tetra-acetyl-a- 
glucosidyl bromide (20 g.) in ether (100 c.c.) was then introduced. 
The mixture was agitated for 12 hours and 7% potassium hydroxide 
solution (20 c.c.) and a further quantity of bromide (10*5 g.) were 
then added. After 16 hours, the faintly alkaline reaction mixture 
was acidified with acetic acid and the glucoside and unchanged 
alizarin were precipitated by addition of water (200 c.c.). A 
suspension of the solid in acetic acid (200 c.c.) was refluxed for 
5 minutes, cooled, and filtered to remove alizarin. Addition of warm 
water (1 1. at 65°) to the filtrate precipitated the glucoside, con- 
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tamiiiated with traces of alizarin. Recrj^stallisation from alcohol 
finally gave slender yellow needles, m, p. 206 — 207° after sintering 
at 204° (Found : C, 58*8; H, 4-9. Calc, for C 28 H 26 0 13 : C, 58-9; 
H, 4*6%). Acetylation with acetic anhydride and pyridine during 
l hour on the steam-bath yielded the penta-aeetyl derivative, which 
separated from warm alcohol in pale yellow needles, m. p. 196 — 197° 
(Glaser and Kahler, loc. cit, gave m. p. 192 — 193°) (Found : C, 
59*1 ; H, 4*9. Calc, for C 30 H 28 O i4 : C, 58*8 ; H, 4*6%). 

2- $-Glucosidoxy- 1 - Jiydroxyanthraquinone . — (A) Deacetylation was 
effected by the addition of 5% aqueous sodium hydroxide (30 c.c.) to 
a suspension of the tetra-acetyl glucoside (1*1 g.) in warm methyl 
alcohol (80 c.c.). The solid rapidly dissolved and the cherry-red 
solution, maintained at 65° for 10 minutes, deposited the sodium 
salt of the glucoside in dark red needles. A warm aqueous solution 
of this salt was acidified with acetic acid and the yellow crystalline 
solid was collected, washed with water, and dissolved in boiling 
methyl alcohol (500 c.c.). After removal of the greater part of the 
alcohol by distillation the glucoside crystallised ; repetition of this 
procedure with ethyl alcohol gave alizarin glucoside in rosettes of 
slender yellow needles, m. p. 237° (Found : C, 59*2; H, 4*5. Calc, 
for CjjoH^gOg : C, 59*7; H, 4-5%) (compare Zemplen and Muller, 
loc . cit). Acetylation with acetic anhydride and pyridine on the 
water-bath gave the penta-acetyl derivative, m. p. 196 — 197°. 

(B) Treatment of the tetra-acetyl glucoside (1*1 g.) with methyl- 
alcoholic ammonia at 0° for 24 hours gave a dark red solid (0*8 g.) 
(compare Glaser and Kahler, loc . cit ; Zemplen and Muller, loc . cit) 
which crystallised from a large volume of ethyl alcohol in needles, 
m. p. 195 — 196° (decomp.) (Found : C, 53*8; H, 5*3; N, 3*9%). 
The red solution of this compound (0*2 g.) in hot 10% acetic acid 
(25 c.c.) was refluxed for 6 minutes. The colour gradually changed to 
orange-yellow, and alizarin glucoside separated from the cooled 
solution, m. p. 237° after purification (penta-acetyl derivative, m. p. 
196 — 197°). The red compound dissolved in cold ‘ concentrated 
hydrochloric acid to a yellow solution, and after 5 minutes addition 
of water precipitated alizarin glucoside, m. p. 237° after purification. 

This glucoside is hydrolysed by emulsin and by warm 10% hydro- 
chloric acid to glucose and alizarin. The cherry-red solution of the 
glucoside in 10% aqueous sodium hydroxide becomes violet on 
boiling ; acidification of the cooled solution gives a precipitate of 
alizarin. 

S-O-Tetm-aceiyl-fi-glucosidoxy-l-methoxyanthraquinom . — A mix- 
ture of the tetra-acetyl glucoside (1*2 g.), methyl iodide (3 c.c.), 
active silver oxide (3 g.), and acetone (30 c.c.) was refluxed for 2 
hours ; a test with cold alcoholic alkali then showed that methylation 
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was complete. After separation from the silver salts (wash with 
acetone), the solvent was removed under diminished pressure. The 
residual methyl ether crystallised from methyl alcohol in elongated* 
pale vellow prisms, m. p. 155 — 156°, [a]iT — 71*72° in acetone (Found : 
C, 59-1 : H, 5*1. requires C, 59*5; H, 4*3%). It is 

readily soluble in warm alcohol or acetone, and does not give a 
coloration with cold alcoholic sodium hydroxide. A solution of the 
ether (1*2 g.) in a mixture of methyl alcohol (30 c.c.) and concentrated 
hydrochloric acid (15 c.c.) was refluxed for 2 hours. Addition of 
water (50 c.c.) to the cooled solution precipitated 1 -methyl alizarin, 
which crystallised from methyl alcohol in orange-yellow needles, m. p. 
179°. Acetylation of the latter substance with acetic anhydride and 
sodium acetate gave 1 -methyl-2- acetyl alizarin, yellow needles from 
methvl alcohol, m. p. 212° (Found: 0, 69*1; H, 4*4. Calc, for 
Ci 2 Hi 2 0 5 : C, 68-9; H, 4*1%). 

2- 8- Ghicosidoxy- l-methoxya nth raqiii none . — 10 % Methyl-alcoholic 
sodium hydroxide (15 c.c.) was added to a warm solution of the 
tetra-acetyl derivative (1 g.) in methyl alcohol (30 c.c.). The 
mixture became red owing to slight decomposition of the glucoside, 
and after 2 hours at room temperature 10% acetic acid (10 c.c.) was 
added. On evaporation of the methyl alcohol in a vacuum the 
glucoside gradually separated. After being kept for 12 hours in an 
ice-chest, the solid was separated from the faintly alkaline mother- 
liquor and washed with alcohol to remove traces of alkali. On 
crystallisation from methyl alcohol it formed clusters of slender 
yellow needles, m. p. 230 — 231° (Found: C, 60*2; H, 5*0. 
C 2 iH 2 o 0 9 requires C, 60*6; H, 4*8%). The glucoside is sparingly 
soluble in cold alcohol, water, or acetone, and does not give a 
coloration with cold alcoholic sodium hydroxide. It is readily 
hydrolysed by emulsin to 1 -methyl alizarin and glucose. 

Alizarin Octa-acetyl Maltoside. — O-Hepta-acetylmaltosidyl brom- 
ide was prepared by the following method (compare Zemplen, 
Ber. } 1928. 61, 927). Acetic anhydride (25 c.c.) was added to a 
solution of oct-a-acetyl maltose, m. p. 160° (50 g.) in acetic acid 
saturated at 0° with hydrogen bromide (100 g.). After 5 hours at 
room temperature the reaction mixture was diluted with chloroform 
(400 c.c.) and poured on ice (300 g.) in water (300 g.). The chloro- 
form layer was separated, washed three times with ice-water 
(300 c.c.), and dried over calcium chloride. On removal of the 
solvent in a vacuum the bromide remained as a pale straw-coloured 
syrup (40 g.), which solidified on trituration with ligroin. 

•A solution of amorphous 0-hepta-acetylmaltosidyl bromide 
(20 g.) in ether (150 c.c.) was added to a mixture of alizarin (8 g.), 
potassium hydroxide (1*2 g.) 5 and 50% aqueous acetone (200 c.c.). 
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After agitation for 24 hours the faintly alkaline mixture was acidified 
with acetic acid, and the precipitate of alizarin removed by filtration. 
The ethereal layer was separated, and the aqueous solution extracted 
once with ether (100 c.c.). An acetic acid solution of the residue 
obtained on evaporation of the ether was kept in the ice-chest for 
24 hours, filtered to remove alizarin which had crystallised, and 
then poured into water (500 c.c. at 50°). The orange solid which 
separated was immediately collected, washed with water, and 
dissolved in hot alcohol. On cooling, an amorphous, bright yellow 
solid separated. Purification by hot alcohol was repeated (five 
times) until a specimen gave a bright cherry -red colour in cold 
alcoholic sodium hydroxide. Acetylation of the purified amorphous 
solid with acetic anhydride and sodium acetate on the steam-bath 
during 6 hours gave alizarin oda-acetyl maltoside , which crystallised 
from alcohol in pale yellow needles (1*6 g.), m. p. 185°, [a]g° —20*05° 
in acetone (Found : C, 55*8 * H, 5-1. requires C, 56*0; 

H, 4*9%). The substance is readily soluble in warm alcohol or 
acetone and in cold acetic acid. 

The author is indebted to the Chemical Society for a grant which 
has partly defrayed the cost of this investigation. 

The U diversity , Manchester. 

East London College, 

University oe London. [ Received , March 25th , 1930.] 


CXLV . — The Octammines, with Special Reference 

to Tin. 

By Arthur James Cooper and William Wardlaw. 

So far, no octammine has been prepared by a reaction between a 
metallic salt and ammonia in the presence of water, whereas under 
similar experimental conditions very stable hexammines have been 
isolated. This supports Sidgwick’s view (“ The Electronic Theory 
of Valency, 9 ’ p. 156) that covalencies of eight only arise, even with 
atoms capable of exhibiting them, in exceptionally favourable 
circumstances. 

Nevertheless, by the action of liquid or gaseous ammonia on 
metallic salts or their solutions in non-aqueous solvents, a number of 
compounds containing eight molecules of ammonia have been de- 
scribed, and in many text-books they are formulated and considered 
as typical co-ordination compounds. This formulation, in the case 
of unstable substances such as [Ti,8NH 3 ]Cl 4 and [Ca,8NH 3 ]Cl 2 , is 
difficult to justify, for it implies a covalency of eight for the metallic 
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atoms when the weight of chemical evidence is against such an 
assumption- Even with BaBr 2 ,8NH 3 , it is questionable whether the 
formula [Ba,8NH 3 ]Br 2 is satisfactory, for it is recorded (Joannis, 
CompL rend., 1891, 112, 339) that on exposure to the air the am- 
monia is completely liberated. It is possible that here, as in the 
cases cited above, the molecules of ammonia are polymerised or that 
some form part of the crystal unit but not of the complex molecule. 

The zirconium salt [Zr,8NH 3 ]Cl 4 , prepared by Stabler and Denk 
(j Ber., 1905, 38 , 2611) by the passage of ammonia into an ethereal 
suspension of zirconium chloride, is sufficiently stable to yield 
correct analytical figures, and therefore may be considered a true 
co-ordination compound ; nevertheless, it readily loses ammonia and 
is affected by moist air. Octammines of cerium, samarium, and 
neodymium are stated to be formed as intermediate products in the 
degradation of compounds of higher ammonia content, but here again 
the evidence in favour of the formation of a true co-ordination com- 
pound is very slight. An octammine of thorium is supposed to exist 
(Ephraim, “ Inorganic Chemistry/ 5 p. 280), but the experimental 
evidence (Chauvenet, Compt. rend., 1910, 151, 387) is not conclusive 
for such an assumption. 

The remaining case of a supposed octammine is the compound 
[Sn,8NH 3 ]I 4 . It was prepared as a white substance by Ephraim and 
Schmidt (Ber., 1909, 42, 3856) on passing ammonia into a solution 
of stannic iodide in carbon disulphide, the solvent then being 
evaporated by means of warm water. Their product gave Sn, 
15*74: NH 3 , 16*47 (Calc, for SnI 4 ,8NH 3 : Sn, 15*61 ; NH 3 , 17*84%). 
By direct combination of ammonia and stannic iodide in the absence 
of a solvent, a compound was obtained giving Sn, 15*71, 15*57, 
15*01; NH 3 , 16*91, 16*90%. The formation of the co-ordination 
compound is inferred, therefore, rather than proved by the experi- 
mental results. 

As stannic iodide is soluble in other organic solvents, it seemed of 
interest to reinvestigate the reaction in another medium, as well as 
to repeat the work of Ephraim and Schmidt with carbon disulphide 
as a solvent. In no case was an octammine formed of sufficient 
stability for it to-be isolated and analysed as such. It appears, 
therefore, that only in the case of the zirconium salt, ZrCl 4 ,8NH 3 , is 
there any experimental evidence for the existence of a co-ordination 
compound of the type [R,8NII 3 ]X 4 . 

We found, however, that in every case the compound could not 
consist exclusively of tin, halogen, and ammonia : the analytical 
figures indicated the necessity for a fourth constituent of the mole- 
cule. Water was obviously the only possible addendum, and this 
view was confirmed by the fact that the hydrogen content of the 
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compound was in excess of that required by the nitrogen present. 
Undoubtedly, therefore, the products were of the type 
[Sn,a;NH 3 , 2 /H 2 0 ]I 4 , and it was found on calculating the value of the 
different units that x + y was approximately equal to 8. Thus, 
although the actual octammine was not capable of isolation under 
the experimental conditions outlined above, yet there is evidence 
that such an unstable octammine can exist but that the molecules 
of ammonia are rapidly replaced in the air by water molecules. 

A study has also been made of the reaction between stannic iodide 
in carbon tetrachloride and organic bases such as aniline, pyridine, 
and quinoline. In no case was there co-ordination of eight mole- 
cules of these substances. It appeared that the stable products 
obtained were of the type SnI 4 ,2*5R (R = aniline or pyridine). 

Scagliarini ( Atti R. Accad . Lined , 1925, 1, 582) records the 
isolation of SnI 4 ,5C 6 H 12 N 4 from the reaction of hexamethylene- 
tetramine with stannic iodide in chloroform solution, and also a deep 
violet substance of the type SnI 4 ,4C 6 H 12 N 4 ,2CHCl 3 , which undergoes 
little change at 80° or in a vacuum over sulphuric acid but is rapidly 
decolorised by moist air. Here, if one considers that the non-polar 
stannic iodide becomes a polar compound after the reaction, a 
maximum co-ordination number of six is attained in the last com- 
pound. 

Experimental. 

The experiment of Ephraim and Schmidt (loc. cit.) was repeated, 
gaseous ammonia being passed through stannic iodide dissolved in 
carbon disulphide, which at the same time was slowly evaporated. 
The white product was unstable, continually evolving ammonia, 
and after a state of stability appeared to have been attained, its 
maximum ammonia content was 13*3%, Sn being 15*3% (NH 3 : Sn = 
6*07 : 1). It was noted that a red intermediate compound w r as 
formed during the passage of the ammonia through the solution. 

A new series of experiments was instituted in which carbon tetra- 
chloride was used as the solvent instead of carbon disulphide. The 
stannic iodide was dried in a vacuum over phosphoric oxide, and the 
tetrachloride kept for several days over phosphoric oxide and then 
distilled from fresh phosphoric oxide. The ammonia was carefully 
dried by passage over lime and solid caustic potash. The same red 
intermediate product referred to above resulted and gradually turned 
white. The tetrachloride could not conveniently be removed by 
simultaneous evaporation, as in the case of carbon disulphide, so the 
product was obtained by filtration. An immediate analysis gave 
Sn, 15*74 ; NH 3 , 12*7 %. In other experiments, similarly conducted, 
the figure for ammonia was never exceeded. After the substance had 
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"been kept for several days in a desiccator over calcium chloride, the 
ammonia content fell to 9*38% and the tin to 15*4%. 

The red intermediate compound when dried yielded a dull hrown 
substance which was quite stable in air and gave Sn, 16*23; NH 3 , 
6*63. Since SnI 4 ,3NH 3 requires Sn, 17*53; NH 3 , 7*53, it was 
evident that the red compound had absorbed moisture from the air 
in place of liberated ammonia. This view was confirmed by 
microanalysis of a sample of a white compound which yielded Sn, 
15*52; 1ST, 6*8; H, 2*8. Such a substance corresponds to the 
composition Sn, 15*52; I, 66*4; NH 3 , 8*25; H a O, 10*05% 
(Sn : I : NH 3 : H s O = 1 : 4*00 : 3*71 : 4*27 ; i.e. 9 Sn : NH 3 + H 2 0 =* 
1 : 7-9S). Hence the compound can be considered as Sn[&NH 3 + 
(8 — with a co-ordination number of eight. Moreover, a 

similar expression can be deduced for the composition of each of the 
white compounds described above. 

The white compounds are generally unstable, and dissolve easily 
in the cold in dilute hydrochloric or nitric acid to a colourless solution. 
With more concentrated nitric acid they give a copious yield of 
iodine. 

Stannic Iodide and Pyridine . — The attempt to prepare a pyridine 
compound by acting on stannic iodide in carbon tetrachloride 
proved abortive ; the dark red product proved to be stannic iodide. 
Other solvents were tried, and finally benzene dried by two distill- 
ations over phosphoric oxide was chosen. The pyridine was dried 
by standing for a week over solid caustic potash, followed by two 
distillations from barium oxide. When the pyridine was added to a 
benzene solution of stannic iodide, a brown stable precipitate resulted 
which was insoluble in dry alcohol. It was washed with benzene and 
with dry alcohol and dried in a desiccator over calcium chloride. 
The substance was crystalline, and soluble in dilute hydrochloric 
and sulphuric acids. It was partly soluble in water and under- 
went hydrolysis on standing. With dilute nitric acid, iodine was 
liberated. 

Analysis. The tin was estimated by repeated evaporation with 
dilute nitric acid and twice with concentrated acid. The residue 
was ignited slowly at first and afterwards over the blowpipe till 
of constant weight (Found: Sn, 14*4; I, 61*4; N, 4*37. 
SnI 4 ,2*5C 5 H 5 H requires Sn, 14*3 ; I, 61-7 ; N, 4*25%). 

Stannic Iodide and Aniline . — Considerable difficulty was found in 
preparing this compound. A Ted crystalli n e substance formed on 
addition of dry a nilin e to a solution of the iodide in dry carbon tetra- 
chloride, but immediately on exposure to the air the colour changed 
to a light fawn. This could not be due to loss of aniline and was 
attributed to hydrolysis* To obviate exposure to the air, the 
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preparation flask was attacked by means of a wide V-shaped tube, 
in which the apex was replaced by a ground joint, to a sintered-glass 
funnel fitted with a rubber stopper. On rotating the flask about 
the joint, the mixture it contained was transferred to the sintered- 
glass funnel without exposure to air. Carbon tetrachloride was 
introduced into the flask through a second side-tube in the cork, and 
the product washed repeatedly on the funnel. It was then quickly 
dried on filter paper and transferred to a vacuum desiccator. A 
rich-brown substance resulted which was quite stable. It dissolved 
in dilute nitric acid on warming, but on boiling, iodine was copiously 
evolved. It readily dissolved in dilute hydrochloric or sulphuric 
acid to a yellow solution. It was rapidly hydrolysed by dilute acetic 
acid. 

Analysis . Treatment with dilute nitric acid and evaporation w r as 
unsatisfactory, for the presence of the aniline produced a somewhat 
violent reaction on concentration, and the base could not be quantit- 
atively expelled. Finally, the compound was decomposed by treat- 
ing it with ammonia ( d 0*880), and evaporating the mixture first to 
dryness on the water-bath, and then several times with vrater to 
expel the aniline which had been set free. The residue was treated 
with concentrated nitric acid, evaporated to dryness on the water- 
bath, gently heated for. some time in an air-bath, and finally heated 
till of constant weight over the blowpipe (Found : Sn, 18*0; 1ST, 
3*76 ; Sn :,N = 1 : 2*45. SnI 4 ,2*5C 6 H 5 *NH 2 requires Sn, 13*7 ; 
N, 4*0. SnI 4 ,2C 6 H 5 dSFH 2 requires Sn, 14*6 ; N, 4*35%). 

Stannic Iodide and Quinoline . — On addition of quinoline to a 
solution of stannic iodide in carbon tetrachloride, a black solid 
resulted which, on removal from the solvent, rapidly turned stone- 
coloured, owing probably to .• hydrolysis. A stable product was 
obtained, however, by refluxing the mixture for 2 hours. The 
product was washed with carbon tetrachloride and dried in a vacuum 
desiccator for 2 days. It remained unaltered in colour, was sparingly 
soluble in w r ater, and soluble in dilute hydrochloric or sulphuric acid, 
whilst dilute nitric acid liberated iodine. Nevertheless, analysis 
(Found: Sn, 12*8; I, 51*9. SnI 4 ,2*5C 9 H 7 N requires Sn, 12*45; 
I, 53*5%) indicates that the substance was not pure. 

■ University or Birmingham, 

Edgbaston. 


[Received* February 20th, 1930 .] 
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CXLVI. — On Active Nitrogen . Part VIII . (i) The 

Influence of Photogens and of Surfaces upon Glow 
Phenomena in Nitrogen . (ii) The Effects of Addi- 
tion of Other Gases to Luminous Nitrogen . 

By Eric John Baxter Willey. 

Section (i). 

It was shown in Part VII (this vol., p. 336) that the decay of the 
nitrogen after-glow is markedly controlled in its kinetic aspects by 
the purity of the gas employed, for a number of observations were 
satisfactorily explained upon the hypothesis that the action of the 
impurities (which, it now appears, must certainly be present to the 
extent of about- 0*1% in order that the yellow luminescence may be 
exhibited) is to cover the walls of the reaction vessels, thus con- 
verting what would otherwise be a “ dark 75 heterogeneous re- 
combination of atoms into a homogeneous process accompanied by 
the emission of the after-glow. When adequate quantities of these 
photogens are present or pressure conditions are such that the 
walls may be supposed covered by nitrogen, the volume decay process 
is influenced by the over-all gas pressure in a manner which permits 
of the reaction being expressed as a third-order change, probably 
W + N + N a — >■ 2N 2 -f- after-glow, where N' is a metastable 
atom with an energy of 2*3 volts, in agreement with calculations 
given in the same paper. 

It follows from this theory that it should be possible to enhance 
the luminosity of a stream of nitrogen by adding the photogen 
above or below the discharge, always provided, in the first case, 
that it be not destroyed by the spark. An attempt made by Lewis 
(J. Amer . Chem. Soc ., 1929, 51, 654), however, in which nitrogen 
at a fraction of 1 mm. pressure was subjected to the electrodeless 
discharge and then rapidly treated with a small amount of oxygen, 
did not show the effect anticipated. This may have been due either 
to the hypothetical wall reaction being so rapid that all the atoms 
had recombined before the oxygen reached the surfaces, or else 
to too much oxygen having been added, the small glow being 
catalytically destroyed at once; a further possibility is that sug- 
gested by Lewis, viz., that ordinary oxygen plays no part in the 
production of the after-glow. Experiments are now described 
which prove directly that the photogens act, at any rate in the case 
studied, after the nitrogen has been through the discharge, and 
that their effects can be reproduced by changing the walls of the 
vessel, probably the most weighty evidence yet presented in favour 
of the hypothesis that photogens are essentially wall-poisons. 



WILLEY : ON ACTIVE NITROGEN. PART VHI. 


1147 


Experimental. 

The observation tube employed in these experiments was 80 X 
3 cm., and arrangements were made for the admission to it of (a) 
nitrogen (purified by hot copper, etc., as described in Part VII, 
loc. cit .), and (6) hydrogen similarly treated; both of these gases 
could be passed through powerful discharges (condensed or not, as 
desired), which were operated independently from different electrical 
circuits. The down-stream end of the tube was closed by means 
of a rubber bung, faced on the inside with a polished aluminium 
disc, which was cut to fit the glass tube accurately and held in 
position by a rod passing through the bung and rendered vacuum- 
tight by picein wax applied to the outside; the exhaust line was 
taken off some 20 cm. above this end, and the space between the 
side tube and the bung disc was filled with tightly packed tin-foil 
to prevent access of the active nitrogen to any rubber surfaces 
accidentally exposed. After leaving the discharge, the two gases 
flowed through some 20 cm. of 5 mm. -bore tubing bent in a W -shape 
and blackened to prevent light from the discharges reaching the 
observation tube, the inlet for the hydrogen being about 10 cm. 
below that for the nitrogen ; traps cooled by liquid air were placed 
in the exhaust line for the collection of products of any reaction 
between active nitrogen and active hydrogen, it having been stated 
that under these conditions ammonia is formed (Lewis, J. Amer . 
Chem. Soc .. 1928, 50, 27). The glow was measured by means of the 
csesium photocells employed in the earlier investigation (Part VII). 

Addition of Photogens below the Discharge . — Nitrogen (prepared 
as described in Part VII, and containing 0*3% of argon and less 
than 0-01% of other gases) was allowed to stream through the 
apparatus for 3 hours at the rate of 2500 e.c./hour, the discharge 
being maintained as usual and the pressure kept at 4 mm. of 
mercury. The after-glow rapidly became faint in the observation 
tube, and when at the end of this period it had practically vanished, 
a small current of hydrogen (300 c.c./hour) was fed through the 
second inlet to the tube. No effect upon the glow was observed as 
long as the hydrogen was inert, but when the hydrogen discharge 
was switched on, the yellow nitrogen after-glow appeared with great 
brilliance, only to disappear in a few seconds when the second 
(hydrogen) discharge was interrupted. 

A second experiment was then performed in which 0-06% of a 
1 : 1 nitrogen-oxygen mixture was fed to the nitrogen above its 
discharge. The glow was thus developed sufficiently to permit of 
its being measured, and the corresponding decay curve was of the 
same form as Curve A, Fig. 1 of Part VII ( i.e., steep and strongly 
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curved) ; the feed of hydrogen was as before, and the brightening 
of the glow again appeared when the second discharge was started, 
the decay curve then showing a closely linear relation between 1/ V7 
and time (I — glow intensity, here proportional to photo-electric 
current) exactly as in the figure mentioned. Since, when the 
hydrogen was sparked alone, the feed of nitrogen being shut off, 
ammonia condensed in the traps cooled by liquid air in the exhaust 
line, the hydrogen was analysed ; it was found to contain 0*04% of 
nitrogen, derived from the water in the Boyle-bubbler aspirator 
in which the hydrogen had been stored. When the air in the 
constant-pressure reservoir of this device was replaced by hydrogen, 
tests for nitrogen in the gas stored under the new conditions were 
negative? and at the same time the pure hydrogen lost its ability 
to enhance the nitrogen after-glow when sparked, as in the experi- 
ments just described. For later experiments, a trap filled with 
activated charcoal and cooled by liquid air was added to the 
hydrogen circuit, and this satisfactorily removed the traces of 
nitrogen. It appeared, then, that a small amount of nitrogen is 
an essential ingredient of the hydrogen if, upon sparking, this gas 
is to enhance the glow in fairly pure nitrogen, a supposition verified 
by experiment. 

The explanation of the phenomenon is dear : the discharge in 
hydrogen containing a trace of nitrogen produces a small amount 
of ammonia, and this, when added to the nitrogen below the dis- 
charge, produces an effect which is simulated exactly by the ad- 
mission of other photogens above the discharge. . It was therefore 
anticipated that addition of hydrogen to nitrogen above the dis- 
charge would lead to a strong glow, and this was in fact observed, 
provided that a feed of some 1% was employed in order that the 
nitrogen-hydrogen-ammonia equilibrium should not yield a merely 
insignificant proportion of the last substance. It may be mentioned 
that, with the small feed of pure and sparked hydrogen to the 
glowless nitrogen, mentioned earlier, no ammonia could be de- 
tected save after very long runs. With photogenic nitrogen and 
larger feeds of hydrogen, the yellow after-glow was markedly re- 
duced when the latter gas was sparked, and at the same time small 
amounts of ammonia condensed in the traps, in agreement with 
Lewis’s observations (be. tit.). It must, however, be emphasised 
that the hydrogen must be in large excess, otherwise no ammonia 
is obtained. This matter is now being investigated quantitatively, 
and it appears that there are probably several factors operating 
simultaneously which render the case rather complicated. 

The Infimnce of Surfaces upon the Decay of the After-glow.— (a) 
According to the views expressed earlier, viz., that photogens are 
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wall-poisons and inhibit the non-luminous heterogeneous reassoci- 
ation of atoms, thus favouring the volume process which gives rise 
to the after-glow, it follows that a glow should be induced in pure, 
non-photogenic nitrogen which, at the time of sparking or immedi- 
ately afterwards, is placed in contact with the right kind of surface. 


Fig. I. 



Curve A : “ pure ’ ’ nitrogen , glass surface. 

Curve B : photogenic nitrogen } glass surface . 

Curve C : “ pure ' } nitrogen , paraffined surface . 

Curve D : photogenic nitrogen , paraffined surface . 

It would also be expected that the glow decay process in pure 
nitrogen should pass to that observed in the photogenic gas if the 
reaction could be studied in vessels with adequately poisoned walls. 

A simple modification of the apparatus just described enabled 
this to be done. Tubes were cut from wide-bore glass tubing, 
of external diameter such that it just fitted into the main observation 
tube, and coated on the inside with various waxes and transparent 
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varnishes, thus enabling the glow decay to be studied as the stream 
passed over the different treated surfaces. Many organic substances 
were tried, but in every case save one the glow became blue and 
hydrogen cyanide condensed in the traps, so that the chemical action 
rendered true decay studies out of the question. A high-melting wax 
of the type employed in electrical work was eventually found which 
reacted a little at first, but upon prolonged exposure to the active 
nitrogen stream gave hydrogen cyanide in amounts which could 
be detected only by the guaiacum-eopper sulphate method (Ander- 
son, Z . anal . Ghem., 1916, 55, 459) and corresponded to a concen- 
tration of less than 0*0003% of the latter gas in the nitrogen. A 
series of decay runs was then made and the results are shown in 
Fig. 1. 

Curves A and B exhibit the marked difference in form and slope 
of the 1 fVl-t graphs found in the experiments discussed in Part 
VII for iS pure 55 and photogenic nitrogen, Curve A being of the form 
which we have ascribed to the superposition of a strong wall decay 
upon the volume reaction, and Curve B being that corresponding 
with the bimoleeular and homogeneous process ; for both of these 
runs a clean glass tube was fitted in the main observation tube. 
The results shown in Curves C and D relate to precisely similar 
experiments wherein the clean glass tube was replaced by one 
coated on the inside with a thin uniform layer of the wax mentioned 
above ; the decay in the photogenic nitrogen (Curve D) is even less 
than in the case of Curve B, but Curve C shows that the expected 
development of a strong glow in pure nitrogen and the retardation 
of its decay by the influence of highly poisoned walls are actually 
realised. It is, moreover, noticeable that up to the 15 cm. point, 
the curve is almost parallel to Curve B (photogenic nitrogen and a 
clean glass surface), but that subsequently the slope falls off. That 
this was not due to inequalities in the wax coating, leading to 
variations in the amount of light transmitted, was proved by 
reversing the tube, whereupon the effect was seen just as before ; 
further, the galvanometer deflexions were so large that any error 
in reading must also be ruled out as an explanation of this curious 
effect. The author suggests that it is due to the formation of a 
trace of hydrogen cyanide in the first few cm. of the waxed tube ; 
this gas then acts as photogen and further poisons the paraffin 
surface, since the effect is not seen in Curve I) where larger con- 
centrations of photogen are present. Even if one ignores the 
possible influence of very small quantities of hydrogen cyanide, it 
is clear that the paraffined surface is able per se to reproduce the 
effects associated with photogens, thus affording strong confirmatory 
evidence as to the probable truth of the , wall-poisoh theory. 
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It followed from the observations described above that it should 
be possible to vary the decay rate of a stream of glowing nitrogen 
by drawing it first over clean glass and then over an inactive surface 
of the type just employed. The waxed tube used earlier was there- 
fore cut in two, one half was carefully cleaned, and further decay runs 
were made in which glow streams obtained from gases containing 
0*03% and ca . 0-15% of oxygen as photogen were drawn first over 
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4- = Glass first, then wax. 0 = Wax first, then glass. 

the clean and then over the paraffined glass, the tubes being slipped 
into the main observation tube to occupy the same position as that 
taken by the single tube from which they were made. With 0*03% 
of photogen present, the graph of 1 /Vi against the distance along 
the tube (proportional to time) was markedly curved for the glass 
surface (Fig. 2, Curve A), but linear for the paraffin; increase 
of the quantity of photogen to 0-15% gave a plot which was 
linear and showed no discontinuity, as in the former case, at the 


Fig. 2. 



D oc t. 
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junction of the two surfaces. The tubes were then reversed so 
that the glow caane into contact first with the paraffin and then with 
the glass, and a decay run here revealed that, although with 0*15% 
■photogen the 1 /V I-t plot was linear over the entire length of both 
tubes as in the corresponding experiment just given, yet with the 
0*03% photogen content the break again occurred at the junction 
of the two surfaces (Fig. 2, Curve B), and that the graph was linear 
for both the paraffin and the glass but steeper in the latter case. 
The linearity for the glass may here be due to a trace of hydrogen 
cyanide being produced when the active nitrogen is in contact with 
the wax, this gas acting to a certain extent as a photogen and re- 
pressing the wall reaction. This shows that with a high photogen 
concentration the decay rate is, so far as paraffin and glass are con- 
cerned, independent of the nature of the surfaces, but with purer 
nitrogen the decay is very susceptible to wall influence. 

A final and conclusive piece of evidence upon this point was 
provided by the observation that the amounts of hydrogen cyanide 
formed in the experiments by interaction of the active nitrogen 
and the paraffin were much less when the photogenic gas was 
employed than with the purer material ; this clearly suggests that 
the photogens cover the paraffin with a film protective against the 
active nitrogen. 

Section (ii). 

The theory that the after-glow results from a ternary reaction, 
2N + U 2 — y 2N a + after-glow, was advanced about the same time 
by Erl. Sponer (Z. Physih, 1925, 34, 622) and by Willey and Rideal 
(Part I, J., 1926, 1804). The first author based her opinion upon 
spectroscopic observations, considered in conjunction with the old 
idea of Clausius, revived by Herzfeld (Z. Physih , 1922, 8, 132), 
Bom and Franck (Ann. Physih , 1925, 76, 225), and others, as to 
the necessity for the presence of an acceptor for the energy of 
association of atoms in order that a stable molecule might be formed. 
On the other hand, Willey and Rideal were influenced by the long 
life of the glow-emission reaction, comparable in speed with the slow 
ternary process 2NO + 0 2 — ^ 2J\ T 0 2 , and by the negative temper- 
ature coefficient of the glow decay, another feature of the termole- 
cular change just quoted. In both cases the role of the third entity 
was considered specific, and the possibility was not envisaged of 
the molecule of nitrogen being replaced by one of another element 
without affecting the glow, although it was admitted that in some 
examples (but not the majority) of the excitation of metallic spectra 
by active nitrogen, a metal atom might act as the entity concerned 
(Part IV, J., 1927, 2831). 

According to this theory, therefore, the initial intensity of the 
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after-glow should be increased at the expense of its duration if 
nitrogen is added; the luminosity per unit volume of nitrogen 
should be unaffected, however, if the diluent gas is of another kind 
and is such as not to react chemically with the active nitrogen or, 
by reason of its excitation potentials, is not likely to be able to 
accept energy from the molecule emitting the after-glow radiation, 
and thus interfere with the normal glow decay process (compare 
Part II, J., 1927, 669). As mentioned in Part VII ( loc . cit. 9 p. 343), 
there is divergence of experimental evidence upon this point, 

Fig. 3. 



+ = sr a o,co 2 . 0 = n 2 . a = co. 

© = 3ST 2 alone , no feed of other gases . 0 = H 2 . 


Kneser having obtained a positive result which Bonhoeffer and 
Kaminsky had been unable to observe earlier. Kneser has extended 
the original hypothesis in view of his finding that the addition of 
argon produces the same effect as nitrogen, and according to his 
work the third substance need not necessarily be nitrogen; the 
present author has also described experiments (Part VII) which 
show that the walls of the apparatus may under appropriate con- 
ditions act in the same way. An experimental study of the addition 
of other gases to the glow has therefore been made, and the con- 
clusion is reached that the ternary reaction with nitrogen as the 
specific third entity is most probably responsible for the glow 
emission. 

Experimental. 

The gases were admitted from a calibrated gas burette and 
capillary backed by a fine adjustment tap, and entered the glow 
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stream at the inlet B (see Part VII, p. 337), i.e., below the discharge, 
and the quantity added was, in all cases, 15% of the flow of nitrogen, 
i.e., 300 c.c. of diluent to 1950 c.c. of nitrogen per hour; the glow 
decay was, as usual, measured with the caesium photocells. The 
results are illustrated in Figs. 3 and 4. 

In Fig. 3 are shown the curves obtained with equal feeds of care- 
fully purified hydrogen, carbon monoxide, nitrous oxide, carbon 
dioxide, and nitrogen, and in Fig. 4 are given corresponding results 
obtained by using the nitrogen containing ca. 0*07% of oxygen 
as photogen. It will be seen that with feeds of nitrous oxide and 
carbon dioxide, the decay curves are practically coincident and 


Pig. 4. 



linear for both photogenic and “ pure ” nitrogen, but with carbon 
monoxide and hydrogen the curves are much flatter when 0-07% 
oxygen is present in the nitrogen than when only 0*03% is there. 
Moreover, with the first two gases the glow is brightened during 
the whole of its passage down the observation tube. The results 
agree in a striking manner with both the three-body collision theory 
and the view advanced as to photogens being wall-poisons. 

Let us first consider the results with the ec pure 55 nitrogen, 
temporarily ignoring the results obtained with the inert nitrogen as 
diluent. It has already been shown that the introduction of a 
photogen below the discharge enhances the glow, and as photogens 
are almost certainly gases which are strongly adsorbed by glass, we 
should expect, making the usual assumption that at these pressures 
the adsorption of a gas varies inversely as its boiling point, that 
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easily condensable gases (e.g., nitrous oxide, carbon dioxide) would 
reduce wall activity and thus intensify the glow more than those 
difficult to liquefy (e.g., carbon monoxide, nitrogen) ; this is actually 
observed (Fig. 3), the decay curves with feeds of the two last-named 
gases being of the type associated with te pure 55 nitrogen (compare 
Curves A and B, Fig. 1, Part VII), while with the other pair the plot 
is typically that of a glow stream produced in highly photogenic 
nitrogen, and, most of all, the retardation of the rate of decay is in 
exactly the inverse order of the boiling points of the gases concerned 
(hydrogen, b. p. — 25 3°; nitrogen, —196°; carbon monoxide, 
— 191°; nitrous oxide, — 90°; carbon dioxide, — 78°). 

With photogenic nitrogen (0*07% oxygen) the walls are fairly 
well covered, and hence the decay with feeds of carbon monoxide 
and nitrogen approximates to that observed in the less pure nitrogen 
alone, while with feeds of carbon dioxide and nitrous oxide the 
adsorption is complete. It would thus be expected that with a 
glow stream of high photogen concentration the decay curves 
obtained with feeds of all these four gases should be linear and co- 
incident, and this has actually been found for nitrogen containing 
0*12% of oxygen. 

The case where the gas added is nitrogen is more complicated, 
for two factors have to be considered, viz., (i) the adsorption or 
photogen effect, and (ii) the direct participation by the added 
nitrogen in the homogeneous glow-emission process, in accordance 
with the specific three -body collision theory. These two factors 
are considered separately, (i) It has already been shown (Part VII) 
that the wall effect is probably much reduced at higher over-all 
pressures of nitrogen, and we should therefore expect that the 
addition of nitrogen would reduce the rate of decay of the glow 
in the moderately pure gas, and, by diminishing the surface 
reactions, automatically lead to a straightening of the 1/Vl-t 
graph, which should (in this consideration alone) lie between the 
curves for hydrogen and carbon monoxide ; in photogenic nitrogen, 
however, nitrogen should have no more effect than any of the other 
gases when added to the glow stream, (ii) It being assumed that 
the glow emission results either from a triple impact N + N' + 
N 2 — >■ 2N 2 + after-glow, or a reaction N + N' — >• N 2 ' a followed 
rapidly by N 2 ' + N 2 - — >- 2N 2 + after-glow, N' being a metastable 
2-3-volt atom and JST 2 ' an excited or metastable molecule (11 volts), 
it follows that the initial intensity of the glow should be increased 
and its duration diminished by addition of nitrogen. We might 
thus expect that with the combined operation of both these factors, 
the decay should correspond with that observed in nitrogen at a 
fairly high over-all pressure, i.e., would give a linear l/Vl-t plot 
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of fairly steep slope, "whereas Fig. 3 shows that the graph is slightly 
curved and nearly parallel to that for the experiments wherein the 
gases added were nitrous oxide and carbon dioxide; apparently, 
then, in this case the greater part of the influence of the added 
nitrogen goes to suppress the wall reaction. 

In Fig. 4 a different state of affairs is revealed, the surfaces being 
to a large extent £e poisoned 99 ; the action of the added nitrogen 
is then apparent in the gas phase, for the l/Vl-t plot, although 
linear, is rather steeper than -that for the runs where the diluent 
gases were carbon dioxide and nitrous oxide, i.e., the initial glow 
intensity and its rate of decay are increased and the duration of the 
luminosity is diminished by the addition of nitrogen, as demanded 
by the ternary reaction theory. 

A second set of experiments, in which the feeds of gas added were 
increased to 30%, gave the same types of decay curve, with the 
exception that, as would be expected, the positive result of the 
triple-collision theory test by addition of nitrogen, as in the experi- 
ments illustrated in Fig. 4, was more marked than when only 15% 
of diluent was employed. 

Discussion . 

The experiments upon the influence of a waxed surface upon 
glow phenomena described in the first part of this paper afford 
fairly conclusive proof of the theory that photogens are wall-poisons 
as suggested in Part VII, and further comment is unnecessary. 

The observations upon the addition of other gases to the after- 
glow may be considered in conjunction with the work of Constantin- 
ides {Physical Rev., 1927, 30, 95) and of Bonhoeffer and Kaminsky 
(loc* cii.). The former, in the course of some investigations upon 
ionisation in active nitrogen, studied the diminution in the life of 
the after-glow brought about by addition of helium, nitrogen, 
hydrogen, and oxygen , and found their destructiveness to increase 
in -the order given ; helium was remarkable in that it had practically 
no action. As no mention is made in his paper of any precautions to 
keep absolutely constant the composition of the nitrogen in which 
the glow was produced, it is doubtful whether his results can be 
compared with those of the author given in Part VII and in the 
present communication, but it is noticeable that the rate of decay 
increased from nitrogen to hydrogen, as in the experiments here 
described when the gas was not rich in photogens. Oxygen appears 
to participate in the glow-emission reaction because of the many 
levels it possesses at which it can absorb energy, and hence it should 
not be considered in purely kinetic studies; in the case of helium, 
however, it appears either that, as Constantinides points out, its 



WILLEY : ON ACTIVE NITROG-EN. PART \TH. 


1157 


lowest excitation level (20 volts) is so high that it cannot acquire 
energy from the active nitrogen and hence has no effect whatever 
upon the glow, or that, in this particular experiment, highly photo- 
genic nitrogen was being used and no influence upon the rate of 
decay was noticed, since the helium could influence neither the 
state of the walls nor the volume reaction, in accordance with the 
specific three-body collision theory. 

Bonhoeffer and Kaminsky added inert nitrogen to a stream of 
the glowing gas, and, observing no enhancement of the glow and a 
diminution of its life, concluded that the decay of the after-glow is 
not a third-order reaction. This may have been due partly to the 
design of the apparatus they employed, which would lead to very 
gradual mixing of the added gas with the glow stream (see footnote, 
p. 243 of Kneser’s article, “ Der aktive Stickstoffe,” Ergebnisse der 
exakten Naturwissenschaften , 1929, 8, 229; an admirable summary 
of work to date) or to their experimental conditions having been 
comparable with those of the author in the studies described under 
Fig. 3, i.e. f clean glass surfaces and fairly non-photogenic nitrogen; 
addition of inert nitrogen here produces only a small increase in 
initial glow intensity, and the duration of the after-glow is some- 
what prolonged rather than shortened, both of which might easily 
escape detection by ordinary visual methods. 

Summary . 

It is shown (i) that the introduction of a photogen after nitrogen 
has been sparked induces the after-glow in pure nitrogen, (ii) that 
a strong glow appears if the same gas be placed in contact with a 
paraffined surface, and (iii) that the amount of chemical reaction 
between the wax and the active nitrogen is much less in photogenic 
than in non-photogenic nitrogen. These observations are considered 
to furnish proof of the correctness of the theory that photogens are 
wall-poisons and convert the non-luminous heterogeneous re- 
association of atoms into a homogeneous reaction accompanied by 
emission of light. Studies are also described upon the addition of 
other gases to the after-glow, and the results are shown to be in 
accordance with the three-body collision theory of the emission of 
the after-glow, provided that, the condition of the walls is such that 
they do not interfere. 

The author’s acknowledgments are due to Mr. W. A. Bayliss for 
much technical assistance in these experiments. 

The Sir William Ramsay Laboratories oe 
Inorganic and Physical Chemistry, 

University College, London. [Received, March 13 th, 1930 .] 
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CXLVIL — Orientation Effects in the Diphenyl Series . 
Part VIII . The Nitration of 4 : 4' -Difluorodiphenyl. 

By Raymond James Wood Le Fevre and Etjstace Ebenezer 

Turner. 

The earliest papers in this series were concerned with showing 
that certain 4 : 4'-disubstituted diphenyl derivatives underwent 
unsymmetrical dinitration. This was notably so with the dichloro- 
and the dibromo-compound, each of which formed first the 2-nitro- 
derivative, which then gave, on further nitration, the corresponding 
2 : 3'-dinitro-compound.* Attention was directed to the fact that 
these substitutions were as nearly quantitative as possible. 

At the above period, similar and comparative experiments on 
4 : 4'-difluoro- and 4 : 4'-di-iodo-diphenyl had not been reported. 
Nevertheless it was felt that a simple application of results, obtained 
in other investigations of the phenomena of aromatic substitution, 
to the mechanism of nitration of disubstituted diphenyl derivatives 
consistently envisaged in this series (compare Parts I and IV) 
would give an accurate forecast of the facts. For instance, in a 
4 : 4'-disubstituted diphenyl compound (I), the position in which 

(i.) x<0>^0>x ■— x<Q-^>x (ii.) 

the first nitro-group enters is determined only by the relative powers 
of X and £>-X*C 6 H 4 in facilitating ortho-substitution. When X is 
chlorine or bromine, it happens that jp-chloro- or p-bromo-phenyl 
easily outweighs chlorine or bromine in this respect, and the 2-nitro- 
derivative is therefore produced (I — > II). Similarly, the second 
entrant nitro-group is affected only by the competing ortho- 
facilitations of jp-X-o-N0 2 -C 6 H 3 and X ; in the examples cited, it 
enters the 3'-position. 

From what is known regarding the relative orienting influences 
of the halogens, it would be expected that 3-mononitration should 
become less likely as one passes down the series : 4 : 4'-di-iodo-, 

4 : 4'-dibromo-, 4 : 4'-dichloro-, 4 : 4'-difluoro-diphenyl. Actually, 
Hodgson (J., 1926, 2384), by the dinitration of 4 : 4'-di-iododi- 
phenyl, obtained only the 2 : 3 ' - dinitr o - derivative, indicating that 
the first nitro-group enters only the 2-position. Since, therefore, 

* Borsche and Seholten (Ber. } 1917, 50, 609) state that the product of 
dinitrating 4 : 4'-dichlorodiphenyl is identical with the 4 : 4 / -dichloro-2 : 2' 
dinitrodiphenyl obtained by heating 2 : 5-dichloronitrobenzene with copper 
powder. Actually, a mixture of the two compounds concerned melts at a 
temperature well below the m. p. of either individual. 
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4 : 4'-dibromo- and - dichloro - diphenyl undergo no 3-mononitration, 
it seems certain that 4 : 4'-difluorodiphenyl would be nitrated 
quantitatively in position 2. 

In the further nitration of 4 : 4'-difluoro-2-nitrodiphenyl, we 
should expect the second nitro-group to enter the 3'-position for 
three reasons : (1) By analogy with the three parallel cases in 
which the other halogens are present, (2) because, although it may 
bo the weakest ortho-directing halogen, fluorine still possesses this 
power, and (3) because this substitution would be more open to 
the steric influence of the 2-nitro-group. 

With these considerations before us, we had no doubt that 
Schiemann and Bolstad’s statement (Ber. } 1928, 61, 1403), that 
the nitration of 4 : 4'-difluorodiphenyl gives a 3-mononitro-derivative 
only, was inaccurate. Their evidence for this constitution was 
that by the action of potassium methoxide a methoxy-deriyative 
was formed. Bor this, however, they give neither preparative 
details nor analyses. 



B< 


>nc 5 h 10 


(VII.) no 2 no 2 


We accordingly reinvestigated this problem, with the following 
results : 4 : 4' -Difluorodiphenyl (III), prepared by a process analog- 
ous to but simpler than that described by Schiemann and co- 
workers, was shown not to react with boiling piperidine. It gave 
a mononitro-derivative melting at 94 — 95°, as described by the 
previous investigators. This substance did not react with boiling 
piperidine, and was identical with 4 : 4 ' - difluor o - 2 -nitrodiphenyl (IV) 
obtained by thermal decomposition of the bisdiazonium boro- 
fluoride (V) obtained from 2-nitrobenzidine. The mononitro-com- 
pound was therefore the 2-nitro-derivative. This conclusion was 
confirmed by the production, on further nitration of the mononitro- 
compound, of a substance (also produced by dinitration of 4 : 4 ; - di- 
fluorodiphenyl) which rapidly reacted with piperidine, even in the 
cold, to give a fluorodinitropiperidinodiphenyl. The dinitro-com- 
pound must therefore be 4 : 4' -difluoro-2 : 3 ' - dinitrodiphenyl (VI), 
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and that no appreciable quantity of any isomeride accompanies it is 
shown by the fact that the crude nitration product melts only 1° 
lower than the pure compound. 

As the scheme on p. 1159 indicates 3 the nitration of 4 : 4'-difluoro- 
diphenyl follows a course exactly similar to that of the analogous 
cWoro- and bromo-compounds. 

Schiemann and Bolstad { loc . cit.) converted their supposed 
4 : 4 / -difluoro-3-nitrodiphenyl into the corresponding amino-com- 
pound and thence into a trifluorodiphenyl by the diazoborofluoride 
method. These two compounds must be respectively 4 : 4'-difluoro- 
2-amino- and 2:4: 4 / -triduoro-diphenyl. Schiemann and Roselius 
{Ber., 1929, 62, 1805) nitrated the trifluoro-compound, reduced the 
product, and again replaced the amino-group by fluorine. Their 
evidence for the constitution of the trifluoronitrodiphenyl consisted 
in showing that the derived tetrafluorodiphenyl was oxidised to 
p-fiuorobenzoic acid, and they accordingly regarded it as 3 : 4 : 5 : 4'- 
tetrafluorodiphenyl. Accepting the evidence of oxidation, it seems 
probable that the reactions in question are more correctly repre- 
sented as follows : 

m> 2 F 

F <o-<p>F - o<p> r .<>-<£> 

but further investigation appears desirable. , 

Experimental. 

4 : 4' -Difluorodiphenyl, — The method described by Balz and 
Schiemann (Ber., 1927, 60, 1186) for the replacement of amino- 
groups by fluorine atoms considerably simplifies this process. We 
have found that the difficultly accessible hydroborofluoric acid 
may be replaced by the readily obtainable sodium borofluoride. 
The following method gave excellent results : A solution of benzidine 
(46 g.) in concentrated hydrochloric acid (150 c.c.) and water 
(150 c.c.) was bisdiazotised, a solution of 35 g. of sodium nitrite in 
60 c.c* of water being used and 200 g, of ice added during the process . 
The solution was filtered and added to a filtered solution of 85 g. of 
sodium borofluoride in 150 c.c. of water. On stirring, the bis- 
diazonium borofluoride separated in cream-coloured needles; a 
further quantity was obtained on addition of more sodium boro- 
fluoiide* The precipitate was collected, dried at 100°, and decom- 
posed by being heated in an open flask, fitted with an air-condenser, 
the temperature being slowly raised to 150°. Steam distillation of 
the product gave 21 g. of pure difluorodiphenyl. After being 
crystallised from alcohol, it had m. p. 92—93°. 
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Mononitration of 4 : 4' -Difluorodiphenyl. — A solution of 5 g. of 
difluorodiphenyl in 10 c.c. of warm glacial acetic acid was cooled 
and treated with a mixture of 7 c.c. of nitric acid of d 1-4 and 2 c.c. 
of nitric acid of d 1-52. The whole was left over-night, then warmed 
to 60°, cooled, and glacial acetic acid added ; 4*5 g. of a product, 
m. p. 85 — 95°, were obtained. After crystallisation from light 
petroleum-benzene, the substance had m. p. 94 — 95°. The 4 : 4'- 
difluoro-2-nitrodiphenyl so obtained depressed the m. p. of 4 : 4'-di- 
fluorodiphenyl (Found : C, 61-4; H, 2-9; N, 6-1. Calc. : C, 61*3; 
H, 3*0 ; N, 6*0%). The nitro-compound w T as recovered unchanged 
from a piperidine solution which had been boiled for several minutes. 

4 : 4c f -Diftuoro-2-nitrodiphenyl. — 2-Nitrobenzidine (11*5 g.) was 
warmed with 35 c.c. of concentrated hydrochloric acid until it was 
completely converted into the hydrochloride; 30 c.c. of water 
were then added. The suspension was bisdiazotised (7 g. of sodium 
nitrite in 12 c.c. of water) and the solution was filtered and added 
to a filtered solution of 30 g. of sodium borofluoride in 50 c.c. of 
water. After a few minutes, 2-nitroA : 4 ' -diphenylylbisdiazonium 
borofluoride separated as matted needles which, after being dried 
at 100°, became a yellow sandy powder; this turned brown at 
about 125° and decomposed with effervescence at 129° (Found : 
N, 16*5. C 12 H 7 0 2 N 5 F ? B 2 requires N, 16-4%). 

Conversion of the diazonium borofluoride into the difluoronitro- 
diphenyl was effected by mixing it with fine purified sand, or with 
barium sulphate, and heating gradually in a bath to 190°, the whole 
operation occupying \ hour. The mixture obtained was distilled 
in steam, and the cooled distillate filtered. The 4 : 4'-difluoro- 
2-nitrodiphenyl so isolated melted at 94 — 95°, either alone or when 
mixed with the substance obtained by the nitration of difluoro- 
diphenyl (Found : N, 6*4, 6*3. Calc. : N, 6*0%). 

Dinitration of 4 : 4' -Difluorodiphenyl. — The difluorodiphenyl (2 g.) 
was gradually added to 15 c.c. of nitric acid ( d 1*5), kept cool in tap 
water. The solution was warmed to 100° during 5 minutes, cooled 
slightly, and treated with 2 vols. of glacial acetic acid and a little 
water. On being kept, it deposited crystals, which, after being 
crystallised from diluted acetic acid, formed cream-coloured leaflets, 
m. p. 109—110° (Found : C, 51-4; H, 2*1; N, 9*7. C 12 H 6 0 4 N 2 F 2 
requires C, 51*4; H, 2*1 ; N, 10*0%). 

Mononitration of 4 : 4' -Difluoro-2-nitrodiphenyl. — (a) The nitro- 
compound obtained from 2-nitrobenzidine was added to 20 parts 
of nitric acid (d 1*5), the solution obtained being heated to .100° 
during 5 minutes. On cooling, crystallisation set in. Glacial acetic 
acid was added, the whole warmed, and then allowed to cool slowly. 
The dinitro-compound so obtained was crystallised from diluted 
RE 
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acetic acid, and then melted at 109—110°, either alone or when 
mixed with the product of the same m. p. described above. 

( b ) The mononitration product of difluorodiphenyl was gradually 
added to 20 parts of nitric acid (d 1*5), and the solution was slowly 
heated to 100° during 5 minutes. An equal volume of glacial 
acetic acid was now added, and then water, until no further pre- 
cipitation occurred. The crude filtered and washed product melted 
at 108 — 109°. Crystallisation from diluted acetic acid raised the 
m . p . to 109 — 1 10°. A mixture of this substance with the dinitration 
product of difluorodiphenyl also melted at 109 — 110 9 . 

Action of Piperidine on 4 : 4' -Difluoro-2 : 3' -dinitrodiphenyl . — A 
solution of the dinitro- compound (2 g.) in 5 c.c. of piperidine was 
boiled for 2 minutes to complete the reaction which began in the 
cold. Water was added and the solid precipitated was crystallised 
from alcohol, 4z-fluoro-2 : 3' -dinitroA' -piperidinodipkenyl being ob- 
tained as orange rhombohedra, m. p. 126-5 — 127*5° (Found : C, 
59*0; H, 4*6; N, 12*2. C 17 H 16 0 4 lSr3F requires C, 59*1; H, 4*6; 
N, 12*2%). 

University and Bedford Colleges, 

University of London. [Received, March 18 th, 1930.] 


CXLVIII . — Studies in “Strainless” Rings . Part II. 
The Effect of the imns-Decalin Nucleus on the 
Carbon Tetrahedral Angle. 

By Kesha viah Aswath Narain Rao. 

Per hap s the most successful attempt that has been made to explain 
the numerous discrepancies in the relative ease of formation and the 
stability of different types of ring, for which Baeyer’s simple con- 
ception of strain failed to account satisfactorily, is that of Thorpe 
and Ingold, on the basis of their “ valency-deflexion ” hypothesis, 
which rests on the fundamental assumption that, when the normal 
angle between two of the valencies of a carbon atom is changed 
through any cause, e.g., their inclusion in a ring, the other two 
valencies apparently take up an altered relative position; more 
definitely, the hypothesis suggested that when the angle between 
two of the valencies is greater than the normal angle, the angle 
between the other two valencies will be less than this amount, 
and vice versa (J., 1915, 107 , 1080; 1922, 121 , 650, etc.). Experi- 
mental investigation has in general given very good support to the 
hypothesis. 

It seemed desirable, therefore, to examine the rings of dieyclic 
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compounds on the basis of this hypothesis with the view of gaining 
an insight -into the condition of strain in such rings. 

The discovery that five- and six-membered rings can unite to- 
gether by their cis- as well as by their trans - valencies satisfied the 
requirements of Mohr’s hypothesis with regard to isomerism. But 
it is unsound to conclude from the fact of the existence of these 
isomerides that they are necessarily strainless. As Haworth (Ann. 
Reports, 1927, 24, 98) has pointed out, the existence of this type of 
isomerism is in no way inconsistent with the supposition that the 
isomerides are in a state of strain. tfnms-Decalin [decahydro- 
naphthalene] (I), being the most interesting substance from this 
point of view, has been chosen in the first instance for examination. 
If it consists of two uniplanar and strained c^/cZohexane rings inter- 
locked in the ortho-position, and is in consequence itself highly 
strained, there should be no difference between the effects of trans - 
decalin and cycZohexane on the carbon tetrahedral angle ; if, on the 
contrary, it relieves its strain by causing the component cyclo - 
hexane rings to assume multiplanar and strainless forms, its effect 
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should be similar to that of cycZopentane on this angle. The experi- 
ments which have been carried out on derivatives of Znms-deealiri- 
2 : 2-diacetic acid (II) prove conclusively that tfraws-decalin relieves 
its strain almost completely, diminishing in consequence the con- 
vergence of the two acetic acid residues towards each other. 

As in the cycZohexane and cycZoheptane series, it has not been 
possible to prepare the monobromo-e ster (III) by bromination of 
Znms-decalin-2 : 2-diacetic acid. The ester is, however, readily 
prepared by bromination of ethijl hydrogen trans-decaZm-2 : 2 -di- 
acetate (IV) ; but it cannot be purified, since it undergoes partial 
conversion into the lactonic ester on distillation. Some mono- 
bromo-acid ester (V) is always formed during the bromination. 
On hydrolysis with concentrated aqueous potassium hydroxide, 
the neutral and the acid products of bromination lose hydrogen 
bromide and form the stereoisomeric spzYo-cycZopropane acids, the 
yield, about 38% of the theoretical, being the same as in the cyclo - 
hexane and cycZoheptane series. The remainder of the material is 
converted into a mixture of lactonic acids. 

Zm^5-Decalin-p-5p^ro-cycZopropane-l : 2-dicarboxylic acid can 
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exist in four stereoisomeric forms, two cis - (VI and VII) and two 
trans- (VIII and IX). Three of these (the trans- A- and -B-acids 
and the cis- A-acid) have been isolated from the products of hydrolysis 



of the neutral and the acid monobromo-esters. The mixture of 
trans-spiro- acids has been separated by repeated fractional crystal- 
lisation from aqueous acetone into two acids : (1) the less soluble 
A-acid (Vni), which, as thus obtained, is amorphous, and (2) the 
more soluble B-acid (IX), which is highly crystalline. The two 
trans-spiro-acids should give rise to a mixture of the cis-acids (A) 
and (B) by the directional change of either of the carboxyl groups. 
Although evidence of the formation of a mixture of c^-anhydrides 
by the distillation of these acids— the tfraws-acids are unchanged on 
melting — has been obtained, only the cis -A-anJiydride (X) can be 
obtained pure from the mixture. The cis -A-acid (VI) is formed by 
hydration of the c/s-anhydride. 

It is in the stability of these trans-spiro- acids that the remarkable 
difference between trans-decalin and cyclohexane in their effects on 
the carbon tetrahedral angle is revealed. Both the trans-spiro -acids 
from frems-decalin are equally stable (or unstable) towards hydro- 
chloric acid, thus demonstrating that the stability of the spiran- 
structure depends almost entirely on the ring with which it is 
associated and very little on other factors. They are unattacked 
by 5% hydrochloric acid at 240° and by 10% acid at 200°, but are 
completely decomposed by the latter at 240° ; 20% acid decomposes 
them at a much lower temperature, viz., 200°, within two hours : 
the cyclohexane analogue is unaffected by concentrated hydrochloric 
acid at 240° during several hours. No definite substance can, 
however, be isolated, carbon being the chief product of such a 
decomposition. It is remarkable that of all the analogous com- 
pounds, caronic acid (XI) should be the only one to give a definite 
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product of decomposition, viz., terebic acid (XII). That the observed 
decomposition of the trans-spiro - acids is due to the instability of 

«!> OH 1 >c< XH-CO ! H J*». ? 9 ° (Xn) 

' 1 “'»• CMej-CHICOjHKIH, 11 

the spro-cycZopropane ring and not of trans-decolm per se is proved 
by the fact that trans-decedin-2 : 2-diacetic acid, after being subjected 


(XIII) 



H TT v 


COftEt /TTT\ 

cojt (III) 


/. , /v /X /CH(0H)-C0 2 H 

l^^\cH^/°>(n)^ < \CH 2 -C0 2 H * 

(XV) A-Form (m. p. 156°). (XIX) 



Qo 2 h 

-CH\ 


O 


(XV) A-Form (m. p. 156°). 
nix 

(XVII) " 

C-Form (m. p. 165 — 166°). 


^JV^-CO/ 

(XVI) B-Form (m. p. 163°). 

!H(OH)‘CO,H l h-4. JNch-o/ 


pit .m rr 



(XX) 

(V) C 1 tf ' > n < ^'CH 2 *C0 2 Et 
(V) SH 16 >t< CHBrCaH 


(XVIII) 

D-Form (m. p. 132°). 



to similar treatment, is recovered unchanged. The spiro-acids 
are stable to cold acid or alkaline permanganate and are decomposed 
only after prolonged boiling. 
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It has already been shown (Rao, J., 1929, 1954) that in cis- and 

Y 

iran.s-decalins of the type C 0 H 16 >C<^y only one isomeride corre- 
sponding to each decalin is formed when X and Y are identical or 
are replaced by a symmetrical ring. Further, when X and Y are 
different, two isomerides (A and B) corresponding to each decalin 
are obtained, the replacement of X and Y by an unsymmetrical ring 
not causing any reduction in the number of isomerides. It is 
therefore to be expected that, when a monosubstituted unsym- 
metrical ring takes the place of X and Y, four isomerides from each 
decalin will be produced. This expectation has been realised in 
the case of trans-de calin, for, when the neutral and the acid mono- 
bromo -ester (III and V respectively) are hydrolysed with aqueous 
sodium carbonate, the four stereoisomeric lactones of a-hydroxy- 
£rans-decalin-2 : 2-diacetie acids are formed. 

The neutral monobromo- ester (III) is converted into the two 
lactones {A) and ( B ), the acid monobromo-ester (V) into two other 
stereoisomerides ( C ) and (D). The formation of two different pairs 
of lactones from the two bromo -esters is probably due to the different 
configurations of the latter. On examining the model of trans- 
decalin-2 : 2-diacetic acid, it is found that the two carboxyl groups 
are not equidistant from the tertiary carbon atom (a), which is in 
the (B -position to the carbon attached to the acetic acid residues. 
Two bromo-acid chlorides (XIII and XIY) are formed from the 
stereoisomeric acid esters (IV). In one of these (XIV), the hydrogen 
attached to the tertiary carbon atom a s the bromine, and the acid 
chloride group are all crowded into a small volume, resulting 
probably in the development of some sort of steric hindrance. 
This would resist any further crowding such as w r ould be caused 
by the introduction of an ethyl group in place of the chlorine. 
The latter would therefore undergo preferential replacement by 
hydroxyl, the bromo-acid ester being formed. This would give 
rise to the two lactones (XVII and XVIII). On the other hand, 
there is no such abnormal condition in the stereoisomeric bromo- 
acid chloride (XIII), which -would therefore form the neutral ester 
easily; this neutral bromo-ester forms the two other lactones 
(XV and XVI). 




c< AM(OH)-CO-NHPh 

T!H 2 *CO-NHPh 

(XXI)* 


cw.>c<~51^ 0 

(XXII) 


It was intended to confirm the correctness of this interpretation 
by the formation of the dianilides (XXI) of the parent hydroxy- 
acids (XIX and XX) by the interaction of the lactones with aniline. 
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Lactones (A) and (B), which are descended from the hydroxy-acid 
(XIX), would give one dianilide, different from that produced 
from the acid (XX) formed from the lactones (C) and (D). But 
unfortunately all the lactones are converted into their monoanilides 
(XXII) on being heated with excess of aniline at 200 — 220°. The 
uniform stability of the spiro -cyclopentane (heterocyclic) ring in 
all the isomerides is but another illustration of the stability of the 
s^Yo-cycloid being dependent only on the ring with which it is 
associated. 

The formation of the monoanilides illustrates an interesting 
difference between trans -deealin and cyclohexane, where the dianilide 
is easily formed by the action of aniline on the lactones at 200°. 
Since the internal angle of trans-deeahn (which is a strainless ring) 
is very nearly the same as the normal angle, the angle between the 
extracyclic valencies would be of nearly the same value. * While 
this angle ( ca . 109*5°) makes the associated cyclopropane ring (which 
requires an angle of 60° for stability) unstable (as illustrated by 
the instability of the spiro-cydopmpane acids), it is of the optimum 
value for the formation of a stable cyciopentane ring (stability of 
the lactones). In cyclohexane, on the contrary, the angle between 
the extracyclic valencies is 107*2°, which is less than the normal 
angle. This angle increases the stability of spiro-cyclopiopane, 
but has a reverse effect on the stability of the associated cyclo- 
pentane, since it causes the distance between the terminal carbon 
atoms to increase through overlapping. The work of Dickens, 
Kon, and Thorpe (J., 1922, 121, 1499) on cycZopentanediones and 
of Sircar (J., 1927, 1253) on the stability of heterocyclic compounds 
also illustrates this progressive decrease in stability due to the 
increased distance between the terminal carbon atoms through 
overlapping. 

So far as the author is aware, this is the first instance in this type 
of dicyclic ring of the preparation of four stereoisomerides from one 
parent. Their existence is in complete harmony with Mohr’s 
hypothesis. Orientation of these isomerides is not possible, as 
there is no known method by which this can be accomplished. 

The dibromo-estev (XXIII) is readily prepared by the dibromin- 
ation of Zra?is-decalin-2 : 2-diacetic acid, very little acid product 
being formed when the bromination is carried out under strictly 
defined conditions. The remarkable difference between cyclo- 
hexane and tfrans-decalin is again clearly demonstrated by a study 
of the hydrolysis of the dibromo-ester with potassium hydroxide. 
When ethyl trans-deea)xn-2 : 2-dibromoacetate is hydrolysed with 
64% aqueous potassium hydroxide, there is formed mainly (49%) 
cc-keto-tvans-decalin-2 : 2-diacetic acid (XXIV), together with a 
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small quantity (under 4%) of the unsaturated acid (XXV). No 
trace of the hydroxy-s^Vo-acid (XXVI) could be detected. The 


ri -tr ^CHBr*C0 2 Et 
(XSinf 9 16 <CHBr -C0 2 Et 



!H„-CO,H 


\ H 7\7 


(XXV) 


(xxrv) C 9 H 16 > C<ch 2 C qo®[j VC 0 H 18 >C<^® 


COoH 


c ^> c «f4o 


(XXVI) 


(XXVII) 


rest of the material is converted into a mixture of the stereoisomeric 
hydroxy-lactonic acids (XXVII), which cannot be induced to 
solidify even after 12 — 18 months. Hydrolysis of the dibromo- 
ester with 15% sodium hydroxide does not yield any unsaturated 
acid. 

When methyl-alcoholic potash is used for the hydrolysis, the 
dibromo-ester is converted into a mixture of cis- and trans -methoxy- 
spiro-acids (XXVIII and XXIX respectively). 



(m. p. 213°). 


The two acids probably do not belong to the same series, because 
their melting points lie very close to each other and, moreover, it 
has not been possible to convert the Zrans-acid into the cis-isomeride, 
which readily gives an anhydride (XXX) on melting. The trans- 
methoxy-spiro-acid (XXIX) is converted into .the keto-acid (XXIV) 
on boiling with hydrobromic acid. The hydroxy-spiro-acid (XXVI) 
is undoubtedly first formed by the hydrolysis of the methoxy- 
group, but as soon as the necessary mobile hydrogen atom is intro- 
duced into the system the ring acid is converted into the stable 
open-chain isomeride. The stability of the latter is further demon- 
strated by the fact that after boiling for 4 hours in 64% potassium 
hydroxide solution, it is recovered entirely unchan ged. 

It may be recalled that, in the cycZohexane series, considerable 
quantities of hydroxy-spiro-acid (type XXVI), unsaturated acid 
(type XXV), and hydroxy-lactonic acid (type XXVII) were formed 
by the hydrolysis of the dibromo-ester (or its bromo-lactones) ; 
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no keto-acid (type XXIV) was formed during the change. In the 
cycZopentane series, on the other hand, the main product of the 
hydrolysis was the keto-acid (type XXIV), small quantities of 
c^/cZopentylideneacetic acid (type XXXIII) and the hydroxy- 
lactonic acid also being formed ; no hydroxy-spiro-acid was 
encountered. When methyl-alcoholic potash was used for the 
hydrolysis, however, a mixture of the hydroxy-s^nVo-acid and its 
methoxy-derivative was produced, both of which were completely 
converted into the keto-acid on hydrolysis with hydrobromic acid ; 
moreover, the hydroxy-spiro-acid was found to be a cis-acid, unlike 
analogous compounds in the other series. Finally, in the cyclo - 
heptane series, the product of hydrolysis of the dibromo -ester with 
aqueous potash consisted of about 90% of the hydroxy-lactonic 
acid, 3% of the hydroxy-spiVo-acid, and 7% of the cpcZoheptylidene- 
acetic acid (type XXXIII) ; the hydroxy-spiro-acid or its methoxy- 
derivatives pass into the keto-acid (99%) on hydrolysis with hydro- 
bromic acid. 

Znms-P-Decalone condenses with ethyl bromoacetate in presence 
C 9 H 16 >CO — > C 9 H 16 >C<g^ C °2 Et — > C 9 H 16 >C<g^-C0 2 H 
(XXXI) | ' -'(XXXII) | AOj0 

c 9 h 15 >c-ch 2 -co 2 h ^-c 9 H 15 >c /CH2 ‘ c ° 2Et c 9 h 16 >c:ch-co 2 h 

(XXV) (XXXIII) 

of zinc to form the hydroxy -e ster (XXXI), which on dehydration 
and subsequent hydrolysis is converted into A 2(or 1) -trans-ocZa- 
hy dr onaphthalene-2 -acetic acid (XXV), identical with the unsaturated 
acid obtained by the hydrolysis of the dibromo-ester. trans- 
Decahydronaphthylidene-2-acetic acid (XXXIII) is prepared by 
dehydration of the hydroxy- acid (XXXII). That the ap-acid is 
first formed during the hydrolysis of the dibromo-ester and is 
subsequently converted into the py-isomeride by the strong alkali 
has been proved by boiling a solution of the former in 64% potash, 
whereby it is completely converted into the py-acid. 

The formation of the unsaturated acid from the dibromo-ester 
probably involves the elimination of one of the (hydroxy) acetic 


(XXIII) 

(XXV) 


v. c TT ^H(0H).C0 2 H 

■> o 9 M 16 >^ CH(OH) C0 ^ H 

C 9 H 16 >CH-CH(0H)-C0 2 H + 

CH(0H) 2 -C0 2 H 


!0 2 H 
!0 2 H 

A 

CH0‘C0 9 H 


acid residues as glyoxylic acid, which is then oxidised to oxalic acid 
(see J., 1915, 107, 1080). The last-named substance arising from 
rr2 
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this oxidative fission has actually been isolated from the products of 
hydrolysis. 

Hydrolysis of the dibromo-ester (XXIII) with aqueous sodium 
carbonate produced a mixture of acids from which a crystalline 
substance, m. p. 182 — 183°, having properties usually associated 
with hydroxy -lactonic acids, was isolated, but the quantity obtained 
was too small for investigation. From the rest of the material, 
which showed no tendency to crystallise during several months, 
small quantities of the keto-aeid were isolated by various methods ; 
no other solid product was obtained. 

The explanation of this unexpected formation of the keto-acid 
by the sodium carbonate hydrolysis of the dibromo-ester is not 
immediately obvious. One simple way is to assume that the product 
of dibromination is really an unsymmetrical dibromo-ester 
(XXXIV) . This, on replacement of the bromine atoms by hydroxyl, 
would give the dihydroxy-compound (XXXV), which is the hydrated 


0 tt p^CBr 2 *C0 2 Et 
^ M i6> L \ C H 2 -C 0 JEt 
(XXXIV) 




!H 2 *C( 
(XXXV) 


COoH 

ja ' 


(XXIV) 


form of the keto-acid. But, although numerous substituted 
glutaric acids have been brominated, in no case has the formation 
of an unsymmetrical dibromo- derivative been observed. The 
one substance, viz., ethyl hydrogen dibromo - (3 p -dimethylglutarate 
(Perkin and Thorpe, J., 1901, 79, 729), which was assumed to be 
of such a type because it gave the keto-acid (XXXVI) on hydrolysis 
with alkali, was later considered by Kon, Stevenson, and Thorpe 
(J., 1922, 121, 657) to be the aa'-dibromo-derivative (XXXVII). 


Me c/CBr 2 -C0 2 H M c /C0-C0 2 H M c< ^CHBr-C0 2 H 
Me 2 ^c H2 .C 02 H Me ^CH 2 *C0 2 H Me 2 L <OHBr-C0 2 H 


(XXXVI) 


(XXXVII) 


The explanation must therefore be sought in another direction. 
Ingold (J., 1921,119, 314) has shown that the sequence of changes, 
dibromo-ester — ^ bromo-ring acid — keto-acid, takes place in 
presence not only of alkali hydroxide but also of sodium carbonate. 
It was found that when methyl, ethyl, or isopropyl dibromo- 
glutarate was hydrolysed by 2 A T - sodium carbonate a small quantity 
of the bromocs/cZopropanedicarboxylic acid (XXXVIII) was pro- 
duced. On prolonged boiling, however, replacement of the bromine 


H 


^CHBrCOgX 

! ^CHBr*C0 9 X 


• h 2 c<9 Bi " c0 2 h . 
2 x:h-co 2 h 

(XXXVIII) 


-H 2 C <g(OH)C0 2 H 


UH-COgH 

(XXXIX) 

atom by hydroxyl occurred, with the formation of q/cZopropanoldi - 
carboxylic acid ’ 
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Such a change is what in all probability occurs in the present 
instance. It was found necessary to boil the dibromo -ester with a 
solution of sodium carbonate (saturated at 105°) during 60 hours, 
before there was appreciable hydrolysis. Under these conditions, the 
hydroxy-ring acid (XXVI) would be first produced, and, being 
unstable, be immediately converted into the keto-acid (XXIV). 

The hypothetical existence of the two multiplanar forms of 
cyclohexane, (a) the “ boat ” (XL) and (b) the “ arm-chair ” (XLI), 
may be assumed to explain the formation of deealin. The “ boat ” 



is a loose shape which cannot pass into the other form without 
strain, but is itself capable of passing through a series of vibrating 
phases by strain-free relative rotations. The number of decalins 
that can exist by a combination of these forms through their cis - 
as well as their trans -valencies is large. But Mohr’s postulate 
is probably applicable, and then all the a$-forms can be reduced 
to one configuration, and the trans- to another (Wightman, J., 
1925, 127 , 1421; Huckel, . “ Fortschritte der Chemie, Physik 
und Physikalischen Chemie,” Bd. 19, Heft 4, 1927, 27 — 30). All 
these forms are probably different phases (the deealin made of two 
uniplanar cycZohexanes is probably one of these, though of much 
shorter duration) of the vibrating molecule, no phase having more 
than a transitory existence. The substance behaves stereo- 
chemically as if its configuration were the average condition of the 
limiting states. Moreover, the further the uniplanar form departs 
from the strainless phase, the more will the molecule behave as a 
strainless ring. 

On examining a model of iraws-decalin, it is readily seen that it 
would be very greatly strained if the component cycZohexanes were 
uniplanar ; on the other hand, almost complete relief of this strain 
takes place if the two rings are multiplanar. tfraus-Decalin should 
therefore be expected to behave like a strainless ring, and this is 
exactly w T hat has been demonstrated by the present investigation. 
The instability of the sp iro - cyclopropane acids, the non-existence 
of the hydroxy-ring acid, and the stability of the keto-acid all show 
that tram-decsblin occupies a place in the table midway between 
cycZopentane and cycZoheptane, rather than near cyclohexane. This 
evidence is in perfect agreement with that from other sources, 
including the measurement of the heats of combustion (Roth and 
Lass<$, Annalen , 1925, 441 , 48). 



1172 RAO : STUDIES ENT <c STRAINLESS ” RINGS. PART II. 


Brief reference may be made to the strain in cyclohexane which 
has been the subject of controversy in recent years (Hiickel, op, 
cit.). The non-existence of two stable strainless forms (Wightman, 
J, 1926, 2541 ; Werner and Conrad, Ber., 1899, 32, 3046) which 
would be expected on the basis of Sachse’s hypothesis (Ber., 1890, 
23, 1363) was explained by Mohr (J. pr. Chem., 1918, 98, 315 ; 
1922, 103, 316) by assuming that the temporary strain involved 
in the interconversion of Sachse’s strain-free structures is sufficiently 
slight to be overcome by forces due to molecular cohesion ; yet the 
fact remains that there is no experimental proof whatever of the 
existence of strainless cyclohexane. Moreover, the data obtained 
from X-ray examination (Hendricks and Bilicke, J. Amer. Chem. 
Soc., 1926, 48, 3007) of benzene hexahalides do not indicate the 
existence of a multiplanar cyclohexane. It has been argued that 
because decalin exists in cis- and trans -forms and may therefore be 
considered fairly free from strain, cyclohexane itself should lie in 
more than one plane. There is no justification for this view, 
because the condition which exists in dicyclic compounds, e.g., trans - 
decalin, where the strain would be very great if the component 
cycZohexanes were uniplanar, is quite different from that in cyclo- 
hexane, where the strain would not be excessive. 

Hiickel (op. cit., p. 90) contends that the “ valency-deflexion ” 
hypothesis cc steht und fallt mit der willkiirlicher Annahme eines 
ebenen gespannten Sechsrings 55 and suggests, “ eine weitere 
Ausdehnung des Vergleichs auf substituierte Cyclohexanringe 
und auf Derivate des trans-Dekalins, in denen der Sechsring sicher 
nicht eben sein kann, w r are von Bedeutung.” The marked contrast 
in the effects of cyclohexane and trans- decalin on the carbon tetra- 
hedral angle demonstrated by this investigation, wdiich was begun 
long before HuckeFs publication appeared, can only be due to a 
large difference in strain in the two rings ; it should be noted that 
the polar influences, whatever their nature, would be expected to 
be similar in the two rings. Zrcms-Decalin is obviously strainless, 
on the evidence from all sources; it seems probable, therefore, 
that the average condition of the vibrational limits of q/cZohexane 
possesses appreciable strain. 

One of the characteristics of the analogous derivatives of cyclo- 
pentane (Becker and Thorpe, J., 1920, 117, 1584) and cycloheptane 
(Baker and Ingold, J., 1923, 123, 127) is their remarkable lack of 
tendency to crystallise. The derivatives of trans- decalin display 
this charactistic even more prominently. This, and the formation 
of a number of stereoisomerides in all the reactions, has made the 
experimental investigation extremely difficult. None of the sub- 
stances described in this paper can be accumulated in any con- 
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siderable quantity, and even their isolation is possible only when 
the directions given in the experimental part are closely followed. 

Experimental. 

Ethyl Hydrogen trans-Deca-Zm-2 : 2 -diacetate (IV). — A solution 
of sodium (35 g.) in absolute ethyl alcohol (500 c.c.) was added 
slowly with stirring to a solution of the anhydride of £r<ms-decalin- 
2 : 2-diacetic acid (356 g.), also dissolved in absolute ethyl alcohol 
(175 c.c.). After the reaction became slow, the alcohol was removed 
in a vacuum, and the aqueous solution of the sodium salt acidified 
with dilute hydrochloric acid. The heavy oil which was pre- 
cipitated was extracted with pure ether, dried thoroughly, recovered, 
and kept at 100° under vacuum for 1 hour (420 g.). The acid ester 
[Pound : equiv., 280. C 10 H 16 (CH 2 -CO 2 Et)*CH 2 -CO 2 H requires 
equiv., 282] is a thick, almost colourless syrup; on distillation 
under reduced pressure, it is reconverted into the anhydride. 

Methyl hydrogen frms-decalin-2 : 2-diacetate was prepared in 
a similar way (Pound : Ag in the silver salt, 27*0. C 15 H 23 0 4 Ag 
requires Ag, 28*8%). 

Monobromination . When the ethyl acid ester (420 g.) was 
cautiously mixed with phosphorus pentachloride (330 g.), a vigorous 
reaction occurred and hydrogen chloride was evolved : the con- 
version into the acid chloride was completed by heating on the 
steam-bath for 1 hour. Dry bromine (82 c.c. ; 1*1 mols.) was then 
added portionwise during 6 hours, the mixture being kept at 50 — 
60°. When the evolution of hydrogen bromide had ceased, the 
whole was poured into absolute ethyl alcohol (2.1.), kept at 25°. 
After the vigorous reaction had subsided, the solution was boiled 
for £ hour and then mixed with excess of w r ater. The precipitated 
bromo-ester was extracted with ether, the acid product removed 
with a 5% solution of sodium carbonate, and the extract then dried 
over calcium chloride and evaporated. The residual neutral mono - 
6romo-ester (HI) was kept over concentrated sulphuric acid in a 
vacuum during several days (yield, 80 — 83%) (Pound : Br, 19*1. 
C 18 H 29 0 4 Br requires Br, 20*5%). On distillation even under 
2 mm., it (b. p. 180 — 200°/2 mm.) was partly converted into the 
lactonic ester, the distillate being a thick viscid syrup (Pound : 
C, 61*9; H, 8*2. The lactonic ester, C 16 H 24 0 4 , requires C, 68*6; 
H, 8*6%. The monobromo-ester, C 18 H 29 0 4 Br, requires C, 53*7 ; 
H, 7*2%). 

The acid product of the monobromination extracted by aqueous 
sodium carbonate (above) was obtained as a heavy oil on acidific- 
ation (yield, 17 — 20%) ; it could not be purified by distillation 
(Found: Br, 21*6. C 16 H 25 0 4 Br requires Br, 22*1%). This acid 
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monobromo - ester is formed even under conditions most conducive 
to the complete esterification of the bromo-aeid chloride. 

Stereoisomeric Lactones of a-Hydroxy-treiJis-decalin- 
2 : 2 -di acetic Acids . 

Lactones (A) (XV) and (B) (XVI). — These lactones are the only 
products of the action of boiling sodium carbonate solution on 
the neutral monobtomo-ester (III). A suspension of the mixture 
of the monobromo -ester and lactonie ester (30 g.), obtained by the 
distillation of the monobromo-ester, in a solution (saturated at 
105°) of sodium carbonate (60 g.) was boiled for 72 hours. The 
solution was diluted and extracted with ether to remove any un- 
changed ester. The oil precipitated on acidification was thrice 
extracted with pure ether, dried, recovered, and kept at 90° for 2 
hours. After remaining for 2 weeks in a vacuum over sulphuric acid, 
it was dissolved in benzene, to which was then added as much light 
petroleum (b. p. 60 — 80°) as possible without producing a turbidity. 
The solid which had separated during 1 week was collected (A). 
On further addition of light petroleum to the filtrate, an oil (B) 
was precipitated, from which the supernatant liquid was poured 
off. 

After several months, the mother-liquor deposited colourless 
nodules. These separated from benzene-light petroleum (b. p. 
60 — 80°) in crystalline lumps, m. p. 137 — 140°. Titration with 
N /20-barium hydroxide showed that this substance was a mixture 
of lactone and the hydroxy-acid; the latter, however, could not 
be obtained sufficiently pure for analysis. 

Lactone (A) crystallised from benzene in colourless silky needles, 
m. p. 156° (Found: C, 66-7; H, 7*9; equiv., by titration with 
.V/20-barium hydroxide, 256. C 14 H 20 O 4 requires C, 66-7 ; H, 
7-9% ; equiv., for monobasic acid, 252). 

When concentrated aqueous solutions of the lactone and aniline 
were mixed, the aniline salt separated in long silky needles, m. p. 
126° (Found: C, 69-1; H, 7-9. C 14 H 20 O 4 ,C 6 H 5 *NH 2 requires 0, 
69-6; H, 7*8%). 

The lactone and excess of aniline were heated together at 200 — 
210° for 1-5 hours. The gum obtained on cooling was triturated 
with dilute hydrochloric acid; it then solidified. Crystallised 
from dilute ethyl alcohol, the monoanilide separated in long, colour- 
less, feathered needles, m. p. 154° (Found: C, 734; H, 7*8; N, 
4-5. C 20 H 25 O 3 N requires C, 734; H,7*6; N, 4*3%). 

Lactone (B) (XVI). The oil (B, above) solidified after some weeks 
and then separated from benzene in stellate clusters of soft needles, 
m. p. 163° (Found : C, 66*6; H, 8-l%; equiv., 252). It is sparingly 
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soluble in cold benzene. A mixture of lactones (A) and (B) melts 
at 123—125°. 

The aniline salt of lactone (B) crystallised from benzene in long 
silky needles, m. p, 147° (Found : C, 69*6; H, 7-5%). The mono- 
anilide separated from dilute methyl alcohol in dirty white, spherical 
nodules, m. p. 172° (Found : C, 73*2; H, 7-9; N, 4-5%). 

Lactones ( C ) (XVII) and (D) (XVIII). — A sodium carbonate 
solution (25 g. in 225 c.c. of water) of the acid bromo-ester (V) 
(40 g.) was boiled for 8 hours, diluted and acidified, and the pre- 
cipitated oil collected in ether. The ethereal solution having been 
partly dried over calcium chloride, the substance (29 g.) was re- 
covered : it showed no signs of crystallising and therefore was 
esterified with ethyl alcohol (120 c.c.) and concentrated sulphuric 
acid (12 c.c.). The product was isolated in the usual way and after 
two fractional distillations in a vacuum was separated into two 
fractions : (1) 210 — 211°/6 mm., (2) 2 15°/6 mm. 

Lactone ( C ). The ethyl ester, b. p. 210 — 211°/6 mm., was boiled 
with concentrated hydrochloric acid for 10 hours. (The hydrolysis 
of the esters of these acids with hydrochloric acid is extremely 
slow, chiefly owing to their insolubility in the acid.) The residue 
obtained on removal of the acid was dried at 90° for 2 hours and 
dissolved in benzene-light petroleum (b. p. 60 — 80°). Even after 
10 weeks, only a small quantity of the crystalline lactone (m. p. 
110°). had separated. On recrystallisation from benzene-light 
petroleum (b. p. 60 — 80°), the lactone (C) separated in hard granular 
cubic masses of thick plates, m. p. 164°. These are hydrated and 
the anhydrous lactone ( C ), m. p. 165 — 166°, is obtained from them 
by heating at 100° (Found: C, 66-4; H, 8*0%; equiv., 255). 
This lactone is sparingly soluble in both hot and cold benzene. 
In admixture with lactone (A) or (B), its m. p. is depressed by 
20—30°. 

The monoanilide crystallised from dilute ethyl alcohol in shim- 
mering leaflets, m. p. 166° (Found : N, 4*4%). 

Lactone (D). The ethyl ester, b. p. 215°/6 mm., was boiled with 
concentrated hydrochloric acid for 8 hours and the lactonic acid 
produced was isolated in the usual way, dried, and dissolved in 
benzene-light petroleum (b. p. 60 — 80°). After 8 weeks, during 
which time a small quantity of light petroleum was added daily to 
prevent turbidity in the solution, the lactone (D) which had been 
deposited was collected and recrystallised from benzene; it then 
separated in short colourless needles, m. p. 132° (Found : C, 66-5; 
H, 8-0; equiv., 249). 

The aniline salt crystallised from benzene in silky needle? m. p. 
122 °. 
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Hydrolysis of the Neutral Monobromo-ester with Concentrated 
Potassium Hydroxide Solution at 150°. — A solution of potassium 
hydroxide (450 g.) in water (250 e.c.) was evaporated until the 
boiling point reached 150°. The bromo-ester (150 g.) was then added 
to the boiling solution as rapidly as possible. The reaction was not 
vigorous, but after 15 — 20 minutes 5 boiling the ester dissolved; 
at the same time a potassium salt separated. The solution was 
then diluted freely with water and acidified while hot. The pre- 
cipitated oil was extracted from the cold solution, partly dried over 
calcium chloride, recovered, and dried at 90° for 3 hours. The 
mixture of acids (80 g.), which had partly solidified, was mixed 
with benzene (125 c.c.) and the precipitated spm>-acids (29 g.) were 
collected after 1 hour : the mother-liquor, mixed with light 
petroleum (b. p. 60 — 80°) and kept for 1 week, usually deposited 
a further quantity of the spiYo-acids (6 g.). 

The mixture of acids, m. p. usually 215 — 220°, was very difficult 
to separate into its constituents. The best results were obtained 
by dissolving the mixture in a large excess of acetone and carefully 
adding water. A small first crop (A) separated in nodules, m. p. 
250—253°; the second crop (B) separated in pearly laminae, m. p. 
243°. The later crops were mixtures (m. p. 225 — 230°). 

trans-spiro -Acid (A) (VIII). The first crop (A) was amorphous 
and separated in nodules from most of the solvents in which it 
was soluble; from a solution in 5% hydrochloric acid at 240°, 
however, the acid separated, on cooling, in lustrous fern-like forms. 
After crystallisation from aqueous acetone, trans-rikcaZfcVp-spiro- 
cyclopropane-tidbiis-l : 2-dicarboxylic acid melted at 264° (Found : 
C, 66*6; H, 8*0; equiv., 126. C 14 H 20 O 4 requires C, 66*7; H, 
7*9%; equiv., 126). 

The dianilide crystallised from ethyl alcohol, in which it was 
very sparingly soluble, in soft colourless needles, m. p. 307° 
(decomp.) (Found : C, 77*2; H, 7*7. C 26 H 30 O 2 N 2 requires C, 77*6; 
H, 7*5%). 

trans-spiro- Acid ( B ) (IX) . The second crop (B, above) crystallised 
from aqueous acetone in lustrous ferns, m. p. 250° (Found : C, 
66-5; H, 7-9%; equiv., 126). The trans-spiro-ocid (B) is more 

soluble in solvents than its stereoisomeride (A) and melts at 220 

225° when mixed with it. 

The dianilide, m. p. 303° (Found : C, 77-4; H, 7-6%), resembled 
the isomeride (A) in its solubility in alcohol and in its crystalline 
form and melted at 280° when mixed with it. 

Both the trans-spiro-&cids are insoluble in water, benzene, and 
chloroform, sparingly soluble in xylene, and moderately easily 
soluble in acetone, ethyl acetate, and glacial acetic acid. They are 
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converted into the same cis- A- anhydride (see below) on distillation. 
They are, however, unchanged on melting. 

The benzene-light petroleum mother-liquor from which the 
trans-spiro-boids had been removed (see p. 1176) was evaporated 
and the residue, since it showed no tendency to solidify, w r as esteri- 
fied with ethyl alcohol and sulphuric acid in the usual way. The 
ethyl esters produced were twice fractionally distilled ; in addition 
to small quantities of low-boiling esters, the following fractions 
were then isolated : (1) 200°/7 mm., (2) 214— 215°/7 mm., (3) 
224° /7 mm. 

Fraction (1). This was boiled with concentrated hydrochloric 
acid for 11 hours, the residue obtained by evaporation of the acid 
was dissolved in benzene-light petroleum, and after several days the 
cis-spiro- acid (A) (VI) which had been deposited (less than 2 g.) 
was collected; m. p. 183 — 184°. The rest of the oil could not be 
induced to solidify. 

The same acid was also prepared (a) by boiling trans-spiro- acid 
(A) or (B) and decomposing the anhydride thus produced, ( b ) from 
the above mixture of spiro-acids, m. p. 180 — 240°, which could not 
be separated by fractional crystallisation. This mixture was heated 
as rapidly as possible until it melted and was then boiled at the 
ordinary pressure for a few minutes. The unchanged acid was 
removed with sodium carbonate, and the anhydride distilled under 
reduced pressure. It boiled at 212 — 225°/14 mm. and the viscous 
distillate, after being kept in contact with light petroleum (b. p. 
40 — 60°) for several days, deposited needles which on decomposition 
with alkali gave the cis- spiro -acid (A), m. p. 183 — 184°. 

Being sparingly soluble in benzene, the cis-spiro -acid {A) is best 
crystallised from chloroform-light petroleum (b. p. 60 — 80°), from 
which it separates in lustrous prisms, m. p. 185 — 186° (efferv. and 
formation of anhydride) (Found ; C, 66-7 ; H, 8*0%; equiv., 131). 

The anhydride (X), prepared by melting the cis- acid or by treating 
it with acetyl chloride, or by any of the other methods described 
above, crystallised from light petroleum (b. p. 60 — 80°) in long silky 
needles, m. p. 107° (Found : C, 71*8; H, 7*5. C u H 18 0 3 requires 
0,71-8; H, 7*7%). 

Fraction (2). The ester was boiled with excess of hydrochloric 
acid, glacial acetic acid being added until it dissolved : the hydrolysis 
was complete in 4 hours. The lactone, isolated in the usual way, 
was kept in a vacuum for several days and then dissolved in benzene- 
light petroleum (b. p. 60 — 80°) ; after 10 weeks, the crystals (m. p. 
110°) which had separated were found on recrystallisation to be 
identical with lactone (C), m. p. 165 — 166°. 

Fraction (3). The lactone which was obtained by the hydrolysis 
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of this ester was found, on purification, to be identical with lactone 
(A), m. p. 156°. 

Hydrolysis of the Acid Product of M onobromination by Concen- 
trated Potassium Hydroxide Solution at 150°. — The acid monobromo- 
ester (120 g.) was treated with a boiling solution of potassium 
hydroxide (360 g.) at 150° in the same way as the neutral bromo- 
ester, but in this ease the reaction was very vigorous. The acids 
were isolated in the usual way, dried (83 g.), and mixed with benzene 
(150 c.c.). From the mixture of spiro- acids (27 g.) obtained, only 
the trans-spiro- acid (A), m. p. 264°, could be separated by crystal- 
lisation from aqueous acetone. 

The acids soluble in benzene were esterified and the following 
fractions were collected : (1) 232°/19 mm., (2) 240°/19 mm., (3) 
246—248°/19 mm. 

Fraction (1) (35 g.) was hydrolysed with hydrochloric acid, and 
the product treated with benzene-light petroleum (b. p. 60 — 80°) ; 
a small quantity of the cis-spiVo-acid, m. p. 185 — 186°, was obtained 
after several weeks. 

Fraction (2) (8 g.) gave the lactone (C), m. p. 165 — 166°, when 
hydrolysed. 

Fraction (3) (25 g.) gave a mixture of lactones (C) and (D). 

Dibromination of tT&n&-Decalin-2 : 2-diacetic Acid . 

The reaction which started when 2raras-decalin-2 : 2-diacetic 
acid (200 g.) was mixed with phosphorus pentachloride (400 g.) 
was completed by gentle heating on the steam -bath for 4 — 5 hours. 
Dry bromine (88 c.c., 2*2 mols.) was then added to the mixture, 
which was kept at 50 — 60° during 8 hours. After 20 hours, when the 
evolution of hydrogen bromide had ceased, the mixture was cooled, 
poured into absolute ethyl alcohol (1300 c.c.) at 0°, and, when the 
vigour of the reaction had abated, boiled for 1 hour. The whole 
was then freely diluted with water and the precipitated dibromo- 
ester (XXIII) was extracted with a large volume of ether, freed 
from the acid product by extraction with a 5% solution of sodium 
carbonate, dried over calcium chloride, and recovered (350 g.). 
The specimen for analysis was kept in a vacuum over sulphuric 
acid for 4 weeks (Found : Br, 32*1. C 18 H 28 0 4 Br 2 requires Br, 
344%). • 

The acid fraction (above) never amounted to more than 5 g. In 
the earlier experiments, where the usual conditions of bromination 
were followed, considerable quantities of the acid monobromo- 
ester (V) were obtained (Found : Br, 2D6. Calc.: Br, 224%). 

trans -Demlin-2 : 2-dibromoacetic Acid (formula as XXIII). — 
When the dibromo-acid chloride was poured into anhydrous formic 
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acid, there was a vigorous evolution of hydrogen chloride. The 
gummy residue obtained on evaporation of the solution was tri- 
turated with chloroform-light petroleum (b. p. 40 — 60°). A small 
quantity of a dirty white powder was obtained which, after crystal- 
lisation from the same solvent mixture, melted at 199° (decomp.) 
(Found: C, 40-7; H, 5-0. C 14 H 20 O 4 Br 2 requires C, 40*8; H, 
4*8%). 

Hydrolysis of the, Dibromo-ester (XXIII) with 64% Potassium 
Hydroxide Solution . — When the dibromo-ester (110 g.) was added 
as rapidly as was consistent with safety to a boiling solution of 
potassium hydroxide (420 g.) in water (240 c.c.), it dissolved and a 
potassium salt separated. The solution was boiled for 5 minutes; 
diluted, and acidified while hot with hydrochloric acid. The 
precipitated heavy oil was extracted with ether (thrice), partly 
dried over calcium chloride, and recovered. After being kept at 
90° for 2 hours and in a vacuum for 1 week, when it had become 
partly solid, it was mixed with benzene-light petroleum (b. p. 60 — ■ 
80°) (equal volumes). After 12 hours, the precipitated a -Iceto- 
tmxis-decalin-Z : 2-diacetic acid (XXIV) was collected (25 g.). It 
crystallised from benzene in short colourless needles and from 
chloroform in long silky needles, m. p. 156° (Found : C, 62*7 ; 
H, 7*5; equiv., 135. C 14 H 20 O 5 requires C, 62*7 ; H, 7-4%; equiv., 
134). 

The keto-acid decolorises alkaline permanganate slowly in the 
cold, but rapidly when hot. It is easily soluble in acetone and 
ethyl acetate. It is also soluble in hot water, from which it cannot 
be crystallised since it becomes hydrated and is obtained as a 
syrup on removal of the solvent. The quinoxaline derivative, 
prepared by heating equal quantities of the keto-acid and 
o-phenylenediamine in glacial acetic acid for 1 hour, was obtained 
after two crystallisations from ethyl alcohol in dirty white nodules, 
m, p. 230° (Found: C, 70-6; H, 7-2. requires C, 

70*6; H, 7*1%). 

The semicarbazone of the monosodium salt * separated in rhombic 
plates when a mixture of the keto-acid, semicarbazide hydrochloride, 
and sodium acetate in concentrated aqueous solution was kept 
for 24 hours. The crystals, after being washed with water and 
alcohol, were hydrated (Found : H 2 0, 3-0. 

requires H 2 0, 2*6%), but became anhydrous when kept at 110° 

* It has frequently been observed that some a-keto-acids fail to combine 
with semicarbazide (or other ketonic reagents). The reason for this abnormal 
behaviour probably lies in the strong acidity of these, acids, which act as 
hydrolysing agents : one molecule forms the semicarbazone and another 
immediately hydrolyses it. Semicarbazones are readily formed when the 
carboxyl groups attached to the keto-group are neutralised. 
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for 3 hours. The semicarbazone then melted with frothing and 
decomposition at 255° (Found : Na, 6-35. C 15 H 2 20 5 N 3 Na requires 
Na, 6*6%). 

The keto-acid does not combine with semicarbazide, phenyl- 
hydrazine, 2 : 4-dinitrophenylhydrazine, or diphenylbarbituric acid. 

The methyl ester, prepared by boiling a solution of the keto-acid 
(5 g.) in methyl alcohol (40 c.c.) and concentrated sulphuric acid 
(4 c.c.) for 4 hours, or from the silver salt and methyl iodide, boiled 
at 228°/21 mm. (Found: C, 64*5; H, 8-1. C 16 H 24 0 5 requires 
C, 64*9; H, 8*1%). It did not give a semicarbazone, nor react 
with phenylhydrazine in acetic acid or alcohol. The phenyl- 
hydrazone , however, was obtained by heating a mixture of the 
keto-ester and phenylhydrazine in benzene solution on the steam - 
bath for 4 hours. On addition of light petroleum (b. p. 60—80°) 
to the cooled product, thick plates were obtained. The phenyl- 
hydrazone is sparingly soluble in alcohol and benzene, moderately 
easily soluble in chloroform, and crystallises from dilute acetic 
acid in long, colourless, rectangular prisms, which are pale yellow in 
bulk; m. p. 23 5° (decomp.) (Found : C, 68-3 ; H, 7*6. C 22 H 30 O 4 N 2 
requires C, 68*4; H, 7*8%). After 1 g. of the keto-acid had been 
boiled with 20 c.c. of 64% potassium hydroxide solution for 4 hours, 
0*9 g. was recovered unchanged by dilution, acidification, and 
extraction with ether. 

Oxidation of the Keto-acid with Hydrogen Peroxide. — A solution 
of the keto-acid in sodium carbonate was warmed during 3 hours, 
with frequent additions of hydrogen peroxide. Acidification then 
produced a crystalline precipitate which, after purification, was 
identified as 2-carboxy4ra?zs-decahydronapkthalene-2-acetic acid 
(A), m. p. 197°, by comparison with a genuine specimen (J., 1929, 
1959). 

On distillation under reduced pressure, the keto-acid loses carbon 
monoxide and gives an oily substance, which is probably a mixture 
of the anhydrides of 2-carboxy-Zra?^-decahydronaphthalene-2- 
acetic acids (A) and (B). 

A 2(or 1) -tvs J ns-Octahydro?iaphthale7ie-2-acetic Acid (XXV). — The 
benzene solution from which the keto-acid had been removed 
(p. 1179) was evaporated and the residue, which showed no signs of 
crystallising after several months, was esterified with methyl 
alcohol (500 c.c.) and concentrated sulphuric acid (50 c.c.). After 
two fractional distillations of the product, various fractions, b. p. 
170 — 220°/ 15 mm., were obtained in addition to a fraction, b. p. 
154°/15 mm. (1*7 g.). This fraction was mixed with 40 c.c. of cold 
10% aqueous potassium hydroxide, and enough alcohol added to 
form a clear solution. After 4 days, the oil precipitated on acidific- 
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ation was extracted with ether, dried, and recovered and the mixture 
of oil and solid obtained was drained. The solid, which* separated 
from light petroleum (b. p. 60—80°) in rhombic plates, m. p. 100 — 
101°, was identified as A 2(or ^-tT&ns-octahydronaphthalene-S-acetic 
acid by analysis (Found: C, 73*9; H, 9*4. C 12 H 18 0 2 requires 
C, 74*2; H, 9*3%), and by comparison with a genuine specimen 
(see later). The dibromide, m. p. 183°, was identical with the 
dibromide of the above-mentioned acid. 

The other fractions were hydrolysed with concentrated hydro- 
chloric acid. From the resulting acids, after standing in benzene 
solution for 14 — 18 months, small quantities of the keto-acid were 
isolated; the remainder did not solidify and decomposed on dis- 
tillation. 

The aqueous solution from which the above acids had been 
removed by extraction with ether was evaporated to dryness. From 
the residue, ether extracted a mixture of oil and solid; the latter 
crystallised from water in prisms, m. p. 102° (not depressed by 
admixture with crystalline oxalic acid), and gave the usual reactions 
of oxalic acid. 

Hydrolysis of the Dibromo-ester (XXIII) with Methyl-alcoholic 
Potash. — The dibromo-ester (100 g.) was added as quickly as possible 
to a boiling solution of potassium hydroxide (200 g.) in methyl 
alcohol (600 c.c.). The solution was boiled for 20 minutes and then 
evaporated to dryness. The residue was dissolved in water and 
acidified, and the precipitated oil extracted with ether. The 
residue after removal of the dried ether was kept at 100° in a vacuum 
for 2 hours ; it then partly solidified. It was mixed with a small 
quantity of benzene, and the resulting trans-decaZm-^-spiro-trans- 
1-methoxycyGlopropane-l : 2-dicarboxylic acid (XXIX) collected; 
crystallised once from ethyl acetate and once from aqueous acetone, 
this separated in clusters of fine silky needles, m. p. 213° (Found : 
C, 63*7 ; H, 8-0 ; equiv., 141. C 15 H 22 0 5 requires C, 63*8 ; H, 7*8% ; 
equiv., 141). When the Jrans-methoxy-spiro-acid was boiled with 
hydrobromic acid (d 1*45 ; 30 c.c.) for 4 hours, it was converted into 
the keto-acid (XXIV), m. p. 156° after crystallisation from chloro- 
form. 

The low-melting acid, together with the liquid acids obtained 
by evaporation of the benzene solution, was refluxed with acetyl 
chloride, the excess of which was then removed. The residue was 
dissolved in a large volume of ether, and the unchanged acid 
removed by a dilute solution of sodium bicarbonate. The anhydride 
distilled at 210 — 220° /12 mm. It was decomposed with sodium 
hydroxide and the liquid acid precipitated on acidification of the 
alkaline solution was triturated with methyl alcohol ; it then partly 
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solidified. The solid was freed from the oil by draining on porous 
earthenware and crystallised from aqueous acetone. The resulting 
solid (m. p. 190 — 193°) was reconverted into the anhydride by 
melting, the unchanged acid being removed by sodium carbonate. 
After three crystallisations from light petroleum (b. p. 60 — 80°), 
the anhydride (XXX) separated in long, colourless, flattened needles, 
m. p. 145° (Found: C, 68*2; H, 7*5. C 15 H 20 O 4 requires C, 68*2; 
H,7*5%). 

The cis-methoxy-spixo-acid (A), which was obtained by decom- 
posing the anhydride, crystallised from aqueous acetone in short 
colourless needles, m. p. 204° (Found: C, 63*7; H, 7*8; equiv., 
143). Mixed with the ^ra% 5 -methoxy- 5 ^iro-acid (B), it melted at 
190—194°. 

The substances so far described have a great tendency to retain 
ether, with the result that when they are placed in a vacuum they 
swell up, filling the whole of the desiccator, leading to considerable 
loss of material. This difficulty has been overcome by keeping 
them at 90° or 100° in a vacuum ; all the ether is then completely 
removed. Even if they solidify in the desiccator, the lac tonic 
acids become oils when exposed to the atmosphere or treated with 
sodium-dried solvents. The only method of getting them as crystal- 
line solids has been to dissolve them in benzene-light petroleum 
(b. p. 60 — 80°) and allow the solution to stand during several months ; 
even so, only a fraction of the material is obtained crystalline. 

Synthesis of tmns-Decahydronaphthylidene-2-acetic and 
A 2(or 1 trans - Octahy dr o'naphthalene-2 -acetic Acids. 

Condensation of trans - p -Decalone with Ethyl Bromoacetate : 
Ethyl 2~Hydroxy~tmn&-decalin-2-acetaie (XXXI). — Zinc (75 g.) 
was added to a mixture of drafts- (3-decalone (152 g.) and ethyl 
bromoacetate (106 g.) in dry benzene (375 e.c.). The reaction which 
started after 2 hours’ heating on the steam-bath was allowed to 
proceed without the application of heat and was then completed 
by heating again for hour. The zinc compound having been de- 
composed with ice and dilute sulphuric acid, the benzene layer was 
separated, washed successively with dilute sulphuric acid, 10% 
sodium hydroxide solution, and water, and dried over calcium 
chloride. On distillation under reduced pressure, after removal 
of benzene, the main fraction boiled at 184°/26 mm., small quantities 
of esters boiling at lower and higher temperatures being also 
obtained.. On redistillation, pure ethyl 2-hydroxy-tmns-decalin- 
2-aceiale boiled at 179 — 180°/20 mm. (Found : C, 70*0; H, 10*0. 
c u& 2 tQs requires C, 69-9; H, 10*1%); it had dp 1*045, 
1*4832, whence [J^ 65*54 (calc., 65*63). 
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The hydroxy-ester was hydrolysed by boiling with 50% potassium 
hydroxide solution for a few minutes; the oily acid obtained on 
acidification partly solidified after a few hours. The solid was 
isolated by filtration and draining on porous earthenware. 
2-Hydroxy -tTa,ns-decalin-2-acetic acid (XXXII) is readily soluble in 
hot water (from which it separates in long needles) and alcohol, 
but is best crystallised from benzene ; m. p. 102° (Found : C, 
67*7; H, 9*9; equiv., 211*7. C 12 H 20 O 3 requires C, 67*9; H, 9-5% ; 
equiv., 212). The oil, which probably consisted of the stereo- 
isomeride and would not solidify, was used for the preparation of 
the a p -acid. . 

Dehydration of the Hydroxy-acid : trans -Decahydronaphthylidene - 
2-acetic Acid (XXXIII). — The hydroxy-acid (84 g.) was dissolved 
in acetic anhydride (220 g. ; 5 mols.) and boiled for 3 hours. The 
residue obtained on removal of acetic anhydride under reduced 
pressure was diluted with water and boiled for 2 hours (distillation 
in steam was extremely slow and tedious). The acid, which partly 
solidified on cooling, was collected and drained on porous earthen- 
ware, Crystallised from light petroleum (b. p. 60 — 80°), trans- 
decahydronaphthylidene-2-acetic acid separated in long colourless 
prisms, m. p. 145° (Found : C, 74-3; H, 9*2; equiv., 194. C 12 H 18 0 2 
requires C, 74*2; H, 9*3%; equiv., 194). 

The dibromide , C 9 H 16 >CBr*CHBr*C0 2 H, was prepared by 
keeping a mixture of the acid and bromine in chloroform solution 
for 2 days. The crystals obtained by evaporation of the solvent 
were boiled with light petroleum (b. p. 60 — 80°) to remove the 
small quantity of the low-melting stereoisomeride that had also 
been formed. The dibromide separated from benzene-light 
petroleum (b. p. 60 — 80°) in diamond-shaped crystals, m. p. 170° 
(Found : Br, 45*7. C 12 H 18 0 2 Br 2 requires Br, 45*2%). 

A solution of the ap-acid in sodium carbonate was immediately 
oxidised by a 1% solution of potassium permanganate. The 
resulting ketone, which was taken up in ether, was identified as 
2ran$-p-decalone by its characteristic odour and in the form of its 
semicarbazone, m. p. and mixed m. p. 193°. 

Dehydration of the Hydroxy -ester. — A solution of the hydroxy- 
ester (100 g.) in dry benzene (100 c.c.) was mixed with phosphorus 
oxychloride (28 g.) and heated on the steam-bath for 4| hours; 
evolution of hydrogen chloride had then ceased. The oil pre- 
cipitated on dilution with water was extracted with ether, washed 
with sodium carbonate and water, dried over calcium chloride, and 
recovered by removal of the solvent. The Py-ester obtained (72 g.) 
boiled at 170°/24 mm. 

Alcohol was added to a mixture of the foregoing ester (77 g.) 
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and a solution of potassium hydroxide (25 g.) in water (100 c.c.) 
until a clear solution was formed. After 48 hours, the alcohol 
having been removed, the solution was diluted with water, and any 
unchanged ester extracted with ether. The oily acid precipitated 
on acidification partly solidified after a few hours. It was collected, 
drained on porous earthenware, and crystallised from light petroleum 
(b. p. 60 — 80°), A 2(orl) -^mn5-octahydronaphthalene-2-acetic acid 
(XXV) separating in colourless rhombic plates, m. p. 100 — 101° 
(Found: C, 74-2; H, 9-5%; equiv., 193). The acid decolorised 
permanganate and instantly absorbed bromine in chloroform 
solution. The dibromide , C 9 H 15 Br>CBr*CH 2 *C0 2 H, obtained on 
evaporation of the solvent crystallised from chloroform-light 
petroleum (b. p. 60 — 80°) in thick plates, m. p. 183° (Found : Br, 
45*3%). 

Conversion of the cl $-Acid into the $y -I someride. — The a^-acid 
(m. p. 145°) was boiled with 64% potassium hydroxide solution 
for 1 hour. The precipitate obtained on acidification of the diluted 
solution crystallised from light petroleum (b. p. 60 — 80°) in rhombic 
plates, m. p. 100 — 101°, of the (3y~acid. 

I desire to express my thanks to Professor J. F. Thorpe, C.B.E., 
F.R.S., for his kind interest in this investigation, and to the Chemical 
Society for generous grants towards its heavy cost. 

Imperial College of Science and Technology, 

London, S.W.7. [ Received , December Ylih, 1929.] 


CXLIX . — The Essential Oil of Backhousia angustifolia. 
Part II. The Isolation of Naturally Occurring 
p-Diketones : Angustione and Dehydroangustione. 

By Charles Stanley Gibson, Arthur Ramon Penfold, and 
John Lionel Simonsen. 

During an investigation of the constituents of the essential oil 
derived from the leaves and terminal branchlets of Backhousia 
angustifolia , which grows in Queensland, Penfold (J. Proc. Boy. 
Soc. New South Wales, 1924, 57, 300) observed that the portion of 
the oil which was soluble in alkali contained a substance or a 
mixture of substances giving crystalline derivatives with ammonia 
and copper carbonate. Although the boiling point of this con- 
stituent of the oil was the same for different samples of the oil, 
the other physical constants, more especially the refractive index, 
showed somewhat large variations (n D 1-5288 and 1-5130) (i loc . cit., 
p. 308), This difference was not due solely to contamination with 
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some other substance, since two individual ammonia derivatives, 
m. p. 135 — 137° and 153°, were prepared. Analyses and molecular- 
weight determinations appeared to indicate that the parent sub- 
stances had the composition C 10 H 14 O 3 , and this formula was pro- 
visionally adopted, although it was emphasised that evidence for 
the homogeneity of the substance analysed was lacking. We have 
now subjected the alkali-soluble fraction of this oil to a detailed 
investigation and have found that, depending upon conditions which 
remain to be determined, the substance is homogeneous and con- 
sists of either one or the other of two closely related ketones, which 
we have designated angustione and dehydroangustione . The con- 
stitution of the former has been rigidly established and we are able 
to suggest one for the latter which we regard as probably correct. 

Angustione,* identical with the substance originally analysed, 
has now been found to have the composition C n H 16 0 3 and not 
C 10 H 14 O 3 and this has been substantiated by the preparation and 
analysis of a number of derivatives. The most characteristic of 
these is formed by the action of ammonia on angustione ; this sub- 
stance, m. p. 130 — 131°, for which we suggest the name amino- 
angustione , is not an ammonium salt but has the composition 
C 11 H 17 0 2 N. The formation of a substance of this composition, 
together with the fact that a crystalline copper derivative, 
C 22 H 30 O 6 Cu, m. p. 192 — 193°, can also be prepared, suggested that 
angustione was a p-diketone (compare Haas, J., 1906, 89, 187). 
The existence of this structure in angustione was supported by the 
preparation of a piperonylidene derivative and by the properties of 
the products formed on interaction with hydroxylamine, phenyl- 
hydrazine, and p-bromophenylhydrazine, whereby an anhydro- oxime, 
anhydrophenylhydrazone , and anhydro-p-bromophenylhydrazone re- 
sulted. The presence of a pyrazole ring structure in the last deriv- 
ative was proved by its reduction to a pyrazoline giving the well- 
known Knorr reaction. With semicarbazide an anhydro-semicarb- 
azone was obtained, which, for reasons to be discussed later, we 
consider probably differs in constitution from the anhydro -phenyl- 
hydrazones. 

In the course of his preliminary experiments Penfold (loc. cit., 
p. 311) had observed that the ketone underwent extensive degrad- 
ation when oxidised with potassium permanganate. We therefore 
examined the action of milder reagents. On digestion with ferric 
chloride in acetic acid-water solution an unsaturated crystalline 
substance, C 9 H 12 0 2 > m. p. 159 — 160°, was obtained, which was 

* Angustione probably occurs also in the essential oil from Boronia thujona , 
var. “ A ’* (compare Penfold, J. Proc. Roy. Soc. New South Wales , 1929, 
62,231). 
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soluble in sodium bicarbonate solution and gave with ferric chloride 
an amethyst coloration. Oxidation of this substance with potassium 
permanganate gave dimethylmalonic acid, and on reduction with 
sodium amalgam addition of two hydrogen atoms occurred with the 
formation of a substance, C 9 H 14 0 2 , m. p. 130 — 131°. This reduction 
product also gave an amethyst coloration with ferric chloride and 
was readily oxidised by potassium permanganate in alkaline solution, 
yielding aay-trimethylglutaric acid (III). The formation of this acid 
left no doubt that the substance, m. p. 130—131°, was the (3-diketone, 
1:1: Z4rimethylcyoloJiexane-4 : : 6-dione (I), and this view was con- 
firmed by its oxidation with potassium hypobromite to the above- 
mentioned substituted glutaric acid. It followed from this that the 
substance, m. p. 159 — 160°, which can also be prepared by the 
oxidation of 1:1: 3-trimethylcycZohexane-4 : 6-dione with ferric 
chloride, must be the corresponding unsaturated (3-diketone, 
1:1: %4rimethyl-A. 2 -cjclohexene-4: : 6-dione (II), which would on 
oxidation give dimethylmalonic acid (IV). Confirmation of this 
structure was obtained by the conversion of the unsaturated dione 
into 4 : 6-dichloro-l : 2 : 3-trimethylbenzene (V) by the action of 
phosphorus trichloride, a reaction analogous to the preparation of 
this dichlorotrimethylbenzene by the action of phosphorus penta- 
chloride on 1 : 1 : 2-trimethylcycZohexane-3 : 5 -dione (VI) (Crossley, 
J., 1901, 79, 144; Crossley and Hill, J., 1906, 89, 881). 


CO 



COgH 

XjJHHe 

H0 2 C\yCH 2 

CMe 2 

(HI.) 



HOaC^yCO, 

CMe 3 

(IV.) 


H 


CH 2 

09/NpO 

H 2 C\/CHMe 

CMe, 

(VI.) 


With, the proof of the constitution of the product formed by the 
oxidation of angustione with ferric chloride and the indirect evidence 
that the saturated dione (I) was the primary product of the reaction, 
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the relative positions of 9 out of the 11 carbon atoms were fixed 
together with those of 2 of the oxygen atoms. Although there was 
no direct evidence of the nature of the third oxygen, it appeared 
probable that the diketone contained the group Me-CO-, since if 
this were the case, the two remaining carbon atoms would also be 
accounted for. Angustione is not hydrolysed when boiled for some 
hours with aqueous potassium hydroxide (20%), but, when heated 
with an alcoholic solution of potassium hydroxide at 150° under 
pressure, it is degraded, yielding a mixture of 1:1: 3-trimethyl- 
c^cZohexane-4 : 6-dione (I) and acetic acid. This reaction proceeds 
very smoothly and the yield is almost quantitative; there can 
therefore be j$o doubt that angustione must be the triketone repre- 
sented by (VII). Unfortunately at this stage our material was 
exhausted and since later distillations have given only dehydro- 
angustione, we have been unable to examine its reactions with 
potassium hypobromite and potassium permanganate. It is desir- 
able here, before proceeding to consider the constitution of dehydro- 
angustione, to refer to the constitution of some of the derivatives 
of angustione mentioned above. 

The product which is obtained by the action of hydroxylamine 
on the ketone (p. 1193) is insolubfe in alkali and gives no colour with 
ferric chloride ; it dissolves, however, in strong mineral acids and 
is reprecipitated on dilution. It is probably therefore either 
anhydroangustioneA-oxime (VIII) or anhydroangustioneA-oxime (IX). 


(VIII.) 


N=C 

Hp // \(pMeAc 

0— C\ /CH 2 


Me, 


N= 
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RN — < 
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CMeg X 


Similarly, two structures are possible for the products obtained by 
the action of phenylhydrazine and p-bromophenylhydrazine on 
angustione, namely, anhydroangustioneA»phenylhydrazone (X) or 
anhydroangustione-6-phenylhydrazone (XI). We have not attempted 
to determine the structure of these substances. As was mentioned 
above, the reaction with semicarbazide probably proceeds in a 
different manner. By the action of this reagent under suitable 
conditions (p. 1192) a substance is obtained which from its analysis 
is clearly an anhydro-derivative. It differs, however, very markedly 
in its properties from the anhydro-oxime and anhydro-phenyl- 
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hydrazones. Although quite colourless when powdered, the 
crystals show a blue fluorescence and a solution of the substance in 
chloroform, from which it readily separates as a gel, has a marked 
blue colour. It is readily soluble in alkali and gives with ferric 
chloride an intense indigo-blue coloration. We would suggest that 
this derivative is either arihydroangustioneA-semicarbazone (XII) or 


f— N-CO-NHg 
G VcGH, 


(XII.) H a <y 4 VjS&le 
OC\i /CH, 
(Me, 


H 2 N-OON — 1ST 

0 ^CMe 


\(pMe 

OC\ /CH, 


(XIII.) 


anhydroangustione-to-semicarbazone (XIII) : the presence of the 
potential enolic group in position 6 would account for the solubility 
in alkali and for the coloration with ferric chloride. 

• For aminoangustione, two formula (XIV) and (XV) are possible 
and in this case also we have no evidence which is correct. 


onh 2 

(XIV.) H/\(^eAc 
OC\/CH 2 
CMe 2 


CO 



(XV.) 


The reduction of angustione with sodium and alcohol (p. 1197) 
proceeds in a somewhat complex manner and we have only been 
able to identify two of the products : one is 1 : 1 : 3-trimethylcycZo.- 
hexane-4 : 6-dione (I) resulting from the hydrolysis of the ketone, 
and the other, the main product of the reduction, is a bimolecular 
alcohol, C 22 H 12 0 6 , probably (XVI). 


Me^ CH-OH HO-HC lie 

(XVI ) HO-MeHC-cp/^H HC/^CKJHMe-OH 

H a C\/CH-OH HO-HC\/CH 2 
CMe a CMe 2 

With alu minium amalgam an amorphous pinacol, C 22 H 34 O c , m. p. 
153°, is obtained, which has not been further studied. 

The ketone yielding the crystalline ammo-derivative, m. p. 151°, 
was at first thought to be isomeric with angustione, but careful 
analyses of the ketone itself and of a large number of its derivatives 
have shown it to contain two hydrogens less, having the composition 
Angustione and dehydroangustione are undoubtedly 
very closely related. Dehydroangustione is a [3-diketone yielding an 
unhydro - oxime , , unhydro-semicurbazone , and anhydro-’p-bromophenyl- 
hydruzone ; further, it contains a reactive CH 2 — group, since it forms 
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a piperonylidene derivative. Unlike angustione, dehydroangustione 
is very resistant to the action of alkali and at 150° only slight 
hydrolysis occurs with the formation of 1 : 1 : 3-trimethyl-A 2 -C2/cZo- 
hexene-4 : 6-dione (II) : this substance is, however, obtained in 
excellent yield when the ketone is warmed on the water-bath with 
sulphuric acid (50%). Since the saturated dione (I) is not oxidised 
under these conditions, it is obviously not an intermediate product 
and it became probable, therefore, that the primary product in 
both reactions was a hydroxycycZohexanedione. A consideration of 
the various possibilities has led us to the conclusion that dehydro- 
angustione is the (3 -oxide (XVII), in which case the degradation to 
1:1: 3-trimethyl-A 2 -c^cZohexene-4 : 6-dione would proceed with the 
intermediate formation of (XVIII) and (XIX). 


CO Me CO Me CO 

^9/^9— 9:cn 2 H 2 9 /\^Ac H 2 <^\9HMe 

0C\/CH-0 OC\yCH-OH OG\/CH-OH 

CMe 2 CMe 2 CMe 2 

(XVII.) (XVIII.) (XIX.) 


When dehydroangustione is oxidised with potassium permanganate, 
it yields a mixture of aay-trimethylgiutaric acid and dimethyl- 
malonic acid, the latter being formed in greater quantity. With 
potassium hypobromite l-ctcLy-trimethijlglutaric acid is obtained 
together with a substance having the composition C 8 H 10 0 3 . The 
constitution of this substance has not been determined, but it is 
derived apparently from 1:1: 3-trimethyl- A 2 -cycZohexene-4 : 6-dione, 
since preliminary experiments have shown that it can be prepared 
by the action of potassium hypobromite on this. The formation of 
aocy-trimethylglutaric acid by the oxidation of dehydroangustione 
can be explained only if we assume that during the oxidation 
hydration occurs to some extent in the reverse direction, yielding 
the hydroxy-ketone (XX). We recognise that this reaction is 
unusual and when further material becomes available we propose to 
attempt to establish rigidly the constitution of dehydroangustione. 



A substance having the alternative formula (XXI) would probably 
give a piperonylidene derivative and would undoubtedly yield 
aay-trimethylglutarie acid on oxidation, but its hydrolysis to the 
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unsaturated dione involves obvious difficulties. Furthermore it 
would be unlikely to yield a copper derivative. 

As is the case with angustione, two formulae are possible for all 
the derivatives of dehydroangustione which have been prepared. 
It is, however, unnecessary to consider these in detail, as we have 
been unable to distinguish between them. Attention may perhaps 
be directed to the properties of the anhydro-semicarbazone which 
resemble closely those of anhydroangustionesemicarbazone. It has, 
however, been prepared in two isomeric forms, m. p. 138—139° and 
173 — 175° (see p. 1199). On reduction with sodium and alcohol 
dehydroangustione yields the same products as angustione. 

Mention has been made already of the fact that angustione and 
dehydroangustione differ in their physical constants and this differ- 
ence is shown also in their molecular refractions, that of angustione 
being 54-09 and of dehydroangustione 54*5. If we accept formula 
(VII) for angustione, the molecular refraction calculated from the 
Eisenlohr 1910 values (Eisenlohr, “ Spectrochemie Organischen 
Verbindungen, 55 p. 48) is 50*59 and the ketone therefore shows the 
large molecular exaltation of 3*5 units. It is difficult to find a 
substance of similar structure to determine how far such an exalt- 
ation is abnormal, since the c^/cZohexanediones are usually solids. A 
somewhat similar substance is 4-acetyl-l-methylc2/riohexan-3-one, 
which was prepared by Leser {Ann. Chim ., 1902, 26, 239). The 
molecular refraction of this ketone is 44*07 and the calculated value 
is 41*38, giving an exaltation of 2*79. Since this substance contains 
only two carbonyl groups, the exaltation is evidently of the same 
order. With dehydroangustione the molecular exaltation is even 
more marked, since the calculated value in this case is 49*53 if no 
allowance is made for the oxide ring. A high value is perhaps to 
be anticipated owing to the presence of the extracyclic ethylenic 
linkage. Any theoretical deductions from these values would be 
premature, but it appears justifiable to assume that a large molecular 
exaltation is to be expected in all cycfohexanediones. 

In angustione and dehydroangustione we have, so far as we are 
aware, the first instance of the occurrence in nature of' [3 -diketones. 
Since they contain eleven carbon atoms, they are obviously not 
simple derivatives of isoprene, but the formulae which have been 

Xj — C 

\c (XXII.) 

assigned to them are built up from two isoprene nuclei, as will 
fee seen by reference to the partial formula (XXII). Whether the 
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ketones are formed by condensation with a molecule of formaldehyde 
or by the degradation of a substance containing fifteen carbon 
atoms, we have no means of determining. It is, however, of interest 
to note that they contain the “ ionone 55 ring the presence of which 
has recently been shown to occur in carotin (Karrer and Helfenstein, 
Helv. Chim. Acta , 1929, 12, 1142). 

Although the two ketones described in this communication are 
the first natural p-diketones to be investigated in detail, the presence 
of substances having similar reactions has been observed in other 
eucalyptus oils. Of these the most important and most readily 
available is leptospermol, which occurs in the oil derived from the 
leaves and terminal branches of Leptospermum flavescens (Penfold, 
J . Proc. Roy. Soc. New South Wales, 1921, 45, 51). This ketone 
is at present being studied by one of us (A. R. P.) and Dr. W. P. 
Short and it has been found to be a p-diketone. 

Experimental. 

Angustione. 

The ketone, which had been separated from the oil by the method 
described previously (loc. cit., p. 308), was purified either through 
its amino- or copper derivative. It was regenerated from the 
former by gentle warming with dilute aqueous alkali (10%), the 
temperature not being allowed to rise above 50° and the liberated 
ammonia being removed under diminished pressure. The solution 
was acidified with dilute sulphuric acid, and the ketone isolated by 
extraction with ether. From the copper derivative the ketone was 
obtained by the decomposition of an ethereal solution with dilute 
sulphuric acid. When purified by either of these methods angustione 
had b. p. 129°/15 mm., 1-089, nf 1-5137, [a] M61 -5-56°, [R L ] D 
54-09 [Found* : (from amino-derivative) C, 67*2; H, 8-0; (from 
Cu derivative) C, 67*5; H, 8-1. C n H 16 0 3 requires 0, 67-3; H, 
8 * 1 %]. 

Angustione is a colourless viscid oil with a faint and somewhat 
unpleasant smell *, when pure it can be kept in a loosely stoppered 
bottle for months without becoming discoloured. It does not yield 
a crystalline bromide or react with hydrogen bromide in acetic acid 
solution at 0°, but with hydrogen iodide it gives an unstable crystal- 
line derivative. It was recovered unchanged after digestion with 
acetic anhydride, and a benzoyl derivative could not be prepared. 
Its alcoholic solution gives with ferric chloride an intense orange- 
red coloration. 

Aminoangustione (XIV or XV).— When angustione in light 

* The majority of the analyses recorded in this paper are microanalyses 
and where two analyses are given they were made with different preparations* 
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petroleum solution was treated with dry ammonia, an amorphous 
white solid, probably an ammonium salt, separated. This was 
readily soluble in water and when the aqueous solution was warmed 
the sparingly soluble amino-derivative was precipitated. This can 
however, be prepared more conveniently by the method described 
previously (loc. cit ., p. 309). It is best purified by crystallisation 
from cyclohexane, in which it is somewhat sparingly soluble, and 
from which it separates in well-formed massive prisms, m. p. 130 — 
131°. In absolute alcohol solution (c = 0*9163, l = 4), a 5461 — 0*31° 
was observed, whence [<x] 5461 = — 8*6° (Found : C, 68*0, 67*9; H, 
8*6, 8*8 ; N, 7-2. C^H^OgN requires C, 67*7 ; H, 8*7 ; N, 7*2%). 

Aminoangustione is readily soluble in all the ordinary organic 
solvents with the exception of light petroleum, but it is very spar- 
ingly soluble in water, melting under this solvent when heated. It 
gives with ferric chloride the same coloration as the parent ketone. 
It is stable to mineral acids, but it is readily decomposed by hot 
alkalis with liberation of ammonia. It cannot apparently be 
acetylated by digestion with acetic anhydride. When it is treated 
in chloroform solution with bromine, a sparingly soluble oil separates, 
which crystallises rapidly in leaflets melting below 0°. This sub- 
stance is probably a perbromide, since, on removal of the solvent 
under diminished pressure, a red gum remains from which amino- 
angustione can be recovered on trituration with ammonia. 

Thecopper derivative of angustione was prepared most conveniently 
by the treatment of a light petroleum solution of the ketone with 
copper acetate, ammonia being added to neutralise the acetic acid 
liberated. The derivative, which was very readily soluble in ether 
and alcohol, crystallised from either benzene or dilute alcohol in 
blue prisms, m. p. 192 — 193° (Found : 0, 58*5, 58*2; H, 6*5, 6*9; 
Cu, 14*0. C 22 H 30 O 6 Cu requires C, 58*2; H, 6*6; Cu, 14*0%). It 
does not react with methyl iodide in benzene solution. 

AnhydroangustioneA(ot <a) -semicarbazone (XII or XIII). — When 
a mixture of angustione (4 g.), semicarbazide hydrochloride (3*75 g.), 
dissolved in the minimum quantity of water, and sodium bicarbonate 
(2*8 g.) was kept for 3 days with occasional shaking, a viscid oil 
formed. The solution was cleared by the addition of alcohol and 
after 2 days the crystalline solid which had separated was collected ; 
a further quantity was obtained by addition of water to the filtrate 
(yield, 3*2 g.). After trituration with ether, which removed a 
small quantity of a yellow impurity, the semicarbazone was recrys- 
tallised by solution in hot chloroform and addition of an equal 
volume of hot benzene. If allowed to cool slowly, the semicarbazone 
crystallised in soft serrated needles, m. p. 145° (decomp.), but if the 
solution was rapidly cooled, a gel was obtained : the same pheno- 
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menon was observed when a hot concentrated chloroform solution 
was rapidly cooled. The solution showed a marked blue fluorescence 
(Found: C, 6T6; H, 7*4. C^H 17 0 2 N 3 requires C, 61*3 ; H, 7*2%). 
The semicarbazone is readily soluble in water, giving a colourless 
solution, which on boiling clouds with the separation of an oil ; it 
is soluble in alkali and its alcoholic solution gives with ferric chloride 
an intense indigo-blue coloration. In aqueous solution it reduces 
an ammoniacal solution of silver oxide with the formation of a 
silver mirror. 

Anhydroangustione,- 4(or 6)-phenylhydrazone (X or XI). — This de- 
rivative was obtained in a somewhat poor yield when an alcoholic 
solution of the ketone was kept for some days with an excess of 
phenylhydrazine acetate. It crystallised from alcohol, in which it 
was readily soluble, in small plates, m. p. 119 — 120° (Found: C, 
76-0 ; H, 7*4. Ci 7 H 20 ON 2 requires C, 76-1 ; H, 7-5%). 

AnhydroangustioneA(oT 6 ) -^-bromophenylhydrazone (X or XI) 
crystallised from alcohol, in which it was somewhat sparingly 
soluble, in faintly brown prisms, m. p. 191° (Found : C, 58*5; H, 
5-3 ; Br, 23-1. C 17 H 19 ON 2 Br requires C, 58-8 ; II, 5-5 ; Br, 23*0%). 
The p-bromophenylhydrazone was insoluble in alkali and gave no 
colour with ferric chloride in alcoholic solution. When it was 
reduced with sodium and alcohol, a substance was obtained which 
gave Knorr’s pyrazoline reaction. 

Arihydroangustione-4c{ov 6) -oxime (VIII or IX). — A mixture of 
angustione (9 g.), hydroxylamine hydrochloride (3*5 g.), and sodium 
acetate (4*1 g.) in alcohol (35 c.c.) was heated on the water-bath for 
2 hours. After about 15 minutes a blue colour developed which 
disappeared on further heating. The reaction mixture was distilled 
in steam, the volatile oil extracted with ether, the ether dried and 
evaporated, and the residual oil distilled under diminished pressure 
(22 mm.) : the whole boiled at 150 — 152°. The colourless viscid 
oil, which had a strong basic smell, partly crystallised on keeping. 
The solid was collected, drained on porous porcelain, and recrystal- 
lised from dilute methyl alcohol ; it was then obtained in needles 
melting not quite sharply at 41 — 43° (Found : 0, 68*0 ; H, 7*6. 
C u H 15 0 2 N requires C, 68*4; H, 7*8%). The anhydro-oxime was 
insoluble in aikali but readily soluble in concentrated hydrochloric 
acid, being reprecipitated on dilution. It did not give a crystalline 
picrate or chloroplatinate. 

Piperonylideneangustione . — To a mixture of equimolecular pro- 
portions of angustione and piperonal dissolved in alcohol, piperidine 
(one drop) was added, and the' solution heated to boiling. After 
some days a yellow crystalline solid had been deposited ; it crystal- 
lised from alcohol, in which it was very sparingly soluble, in bright 
s s 
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sulphur-yellow, soft needles, m. p. 166 — 167° (Found : C, 69*6 ; 
H, 5*9. C 19 H 20 0 6 requires C, 69*5; H, 6*0%). 

Oxidation of Angustione. — (A) With ferric chloride . 1:1: Z-Tri- 
methylA 2 -cyclohexeneA : 6-dione (II). A mixture of the ketone 
(15 g.), ferric chloride (40 g.), acetic acid (60 e.c.), and water (130 C;C.) 
was boiled for 8 hours and, after remaining over-night, distilled in 
steam until the aqueous distillate no longer deposited a solid on 
saturation with ammonium sulphate. A red resinous solid remained 
in the distillation flask. The distillate, after saturation with 
ammonium sulphate, was extracted with ether, the extract dried 
over sodium sulphate, and the solvent evaporated; the residual 
red oil was warmed under d iminished pressure until free from 
acetic acid and the crystalline solid which separated was mixed 
with light petroleum (b. p. 40 — 60°) and collected. The filtrate on 
distillation under diminished pressure (11 mm.) boiled at 125 — 135° 
and gave an oil from which, on cooling, a further quantity of solid 
could be obtained, but which consisted mainly of unchanged 
angustione. 

1 : 1 : Z-Trimethyl-A 2 ’Cjclohexene-4: : 6-dione crystallised from 
dilute alcohol in long needles or from light petroleum-benzene in 
soft needles, m. p. 159 — 160° (Found : C, 71*0 ; H, 7*8. 
requires C, 71*1 ; H, 7*9%). It was readily soluble in the ordinary 
organic solvents with the exception of ether, in which it was some- 
what sparingly soluble, and of light petroleum, in which it was very 
sparingly soluble. It was somewhat soluble in hot water and the 
solution gave with ferric chloride an amethyst coloration. It was 
not readily attacked by concentrated sulphuric acid and could be 
heated with this reagent to 110° without marked discoloration. In 
chloroform solution the dione rapidly absorbed bromine with the 
liberation of hydrogen bromide and on evaporation of the solvent 
5-bromo- 1 : 1 : Z4rimethyl-A 2 -GyclohexeneA : 6-dione remained, which 
crystallised from dilute alcohol in iridescent prisms, m. p. 126—127° 
(Found ; C, 46*9; H, 4-8 ; Br, 34*3. C 9 H 11 0 2 Br requires 0, 46*7 ; 
H, 4*7 ; Br, 34*6%). 

When the dione was warmed with phosphorus trichloride, evolution 
of hydrogen chloride occurred, and a pasty solid separated on 
cooling, This was dissolved in benzene, and the solution decanted 
from phosphorous acid, washed with alkali, and evaporated. The 
residual solid crystallised from dilute acetone in glist ening leaflets, 
m. p. 77— 78° (Grossley and Bills, loc. cit , give 76*5°), and was 
evidently 4 ; 6*dichloro-l : 2 ; 3-trimethylbenzene (V) (Found : O, 
57-3 ; H, 5*4. Calc. : 0,57*1; H, 5*3%). : ; 

When an alcoholic solution of equimolecular proportions of the 
dione and piperonal was treated with a drop of piperidine and 
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warmed for a few minutes, a crystalline solid was obtained. This 
separated from alcohol in prisms, decomp. 208 — 210°. Although 
the substance itself was quite colourless, it dissolved in hot alcohol 
to yield a bright yellow solution, the colour disappearing on cooling. 
The constitution of this substance was not determined, but it con- 
sists apparently of two molecules of the dione combined with one 
of piperonal and analysis indicates that it is a reduction product 
(compare p. 1196) (Found : C, 709 ; H, 7*5. C 26 H 32 0 6 requires C, 
70-9; H, 7*3%). 

(B) With potassium ferricyanide, A mixture of the ketone (13 g.), 
potassium ferricyanide (176 g.), water (400 c.c.), and potassium 
hydroxide solution (10% ; 600 c.c.) was gently boiled for 3 hours. 
The cooled solution was acidified, saturated with ammonium 
sulphate, and extracted with ether. After removal of the solvent 
the residual oil was distilled in steam ; a crystalline solid passed 
over, leaving a red resinous residue (3*7 g.). The distillate, after 
saturation with ammonium sulphate, was extracted with ether, and 
the extract dried and evaporated. The residue, which crystallised, 
was drained on porous porcelain to remove some adhering oil and 
recrystallised from dilute alcohol; it was then obtained in soft 
needles which were apparently homogeneous and melted sharply 
at 141°. Specimens from two distinct preparations were analysed 
and showed the substance to be a mixture of 1:1: 3-trimethyl- 
cyclohexaJie-4: : 6-dione and 1:1: 3-trimethyl~A 2 -c^cfohexene-4 : 6- 
dione (Found : C, 70*4, 70*5; H, 8*4, 8*7%). This was confirmed 
by bromination of the mixture, the bromide, m. p. 126 — 127° (p. 1194), 
being readily obtained, and by reduction with sodium amalgam, 
whereby it was converted quantitatively into the saturated dione, 
m. p. 130 — 131° (compare p. 1196). The 1:1 : 3-trimethyleycfo- 
hexane-4 : 6-dione present in the mixture was optically active; in 
alcoholic solution, c = 5*453, l = 2, cc 5461 + 0*12°, [cc]^* + 1*04°. 

Oxidation of 1:1: 3-Trimethyl-A 2 -cjGlohexene-4: : §-dione. — The 
dione (2 g.), dissolved in sodium carbonate solution, was oxidised 
with potassium permanganate (2*5%) at 0°, a current of carbon 
dioxide being passed through the solution. On completion of the 
oxidation (250 c.c. KMn0 4 ) the manganese dioxide sludge was 
separated, and the liquid evaporated to a small bulk in a current 
of carbon dioxide. The acidified solution was repeatedly extracted 
with ether, the solvent dried and evaporated, and the residue, 
which immediately solidified, crystallised from hot water ; it 
separated in glistening tablets, decomp. 185 — 186°. This decom- 
position point was not depressed on admixture with an authentic 
specimen of dimethylmalonic acid (Found : C, 45*7 ; H, 5*8. dale. : 
C,45-4; H, 6-1%). 
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Reduction of 1:1: ^-Trimethyl-I^'Cyclohexene^ : 6-dione. 1:1:3- 
TrimetJiylcjQlohexane-4: : 6-dione (I). — The unsaturated dione (0-5 g.), 
dissolved in sodium carbonate solution, was reduced with sodium 
amalgam (2-5%; 80 g.), a current of carbon dioxide being passed 
through the solution during the reaction. After completion the 
aqueous solution was concentrated and acidified with dilute sulphuric 
acid and the solid (0*35 g.) which separated was collected and 
recrystallised from light petroleum (b. p. 60 — 80°) ; it was then 
obtained in glistening prisms, m. p. 130 — 131° (Found : C, 70*2 ; 
H, 8-9. C 9 H 14 0 2 requires C, 70*1 ; H, 9-1%). 1:1: 3 -Trimethyl- 
cyclohexane-4: : 6 -dione is readily soluble in all the ordinary organic 
solvents with the exception of light petroleum; it is somewhat 
sparingly soluble in water and its solution gives with ferric chloride 
an amethyst coloration. In chloroform solution it readily absorbs 
bro m i n e with evolution of hydrogen bromide and on removal of the 
solvent a gum remains which cannot be induced to crystallise. 

With piperonal the saturated dione reacts in an exactly analogous 
manner to the unsaturated dione (p. 1195) to yield a substance 
crystallising from alcohol in soft glistening prisms, m. p. 192 — 193°. 
Its solution in hot alcohol is bright yellow, although the substance 
itself is colourless. Analysis appears to show that it is formed by 
the interaction of two molecules of the dione* with one of piperonal 
with loss of water and addition of four atoms of hydrogen (Found : 
C, 70-6; H, 8*3. C 26 H 36 0 6 requires C, 70*3 ; H, 8*1%). 

Oxidatioji of 1 : 1 : 3 - TrimetJiyhyclohexane- 4 : § -dione. — (A) With 
ferric chloride. A mixture of the dione (1 g.), ferric chloride (4 g.), 
water (15 c.c.), and acetic acid (3 c.c.) was boiled for 4 hours and 
then distilled in steam ; an oil passed over, which crystallised, and 
a red resin remained in the distillation flask. After saturation of 
the distillate with ammonium sulphate the solid which separated 
was collected and recrystallised from dilute alcohol, forming needles, 
m. p. 158 — 159°. It was identified as 1 : 1 : 3 -trimethyl- A 2 - cycZo- 
hexene-4 : 6-dione by the method of mixed melting point and by 
the preparation of the bromide, m. p. 126 — 127°. 

(B) With potassium permanganate. The dione (4 g.), dissolved in 
sodium carbonate solution, was treated at 0° with potassium per- 
manganate (2*5%), a current of carbon dioxide being passed through 
the solution during the oxidation. On completion of the reaction 
(370 c.c. KMn0 4 ) the manganese dioxide sludge was removed, and 
the filtrate evaporated to a small bulk, acidified, and extracted with 
ether. On removal of the solvent an oil was obtained which partly 
crystallised. The solid was separated by solution in hot light 
petroleum (b. p. 40 — 60°), in which the oil was insoluble, and it. 
was finally" crystallised from water, from which it was obtained in 
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leaflets, m. p. 97° (Found : C, 55*0; H, 8*1. Calc. : C, 55*1; H, 
8*0%). This acid was identical (mixed m. p.) with the acid prepared 
by oxidation of the dione with potassium hypobromite (see below) 
and consisted of aay-trimethylglutaric acid. 

(C) With potassium hypobromite. A solution of the dione (2 g.) 
in potassium hydroxide solution (10 c.c. ; KOH, 1 g.) was added 
all at once to a potassium hypobromite solution (Br 2 , 6*5 g. ; KOH, 
6 g. ; H 2 0, 30 c.c.) ; bromoform separated immediately and the 
temperature rose to about 30°. After 1 hour, the bromoform was 
drawn off, the excess of hypobromite removed with sulphur dioxide, 
and the solution concentrated, acidified, and extracted with ether. 
On removal of the solvent a crystalline solid (2*2 g.) remained, m. p. 
95—97°. It crystallised from water in leaflets, m. p. 97° (not 
depressed by admixture with acid from B). The identity of this 
acid with aay-trimethylglutaric acid was confirmed by the prepar- 
ation of the anhydride, needles, m. p. 95°, and the anilide, needles, 
m. p. 165° (Auwers and Meyer, Ber., 1890, 23, 305; Auwers, 
Annalen , 1896, 292, 224, give 95 — 96° and 165° respectively). 
The anilide was analysed (Found : N, 5*6. Calc. : N, 5-6%). 

Action of Potassium Hydroxide on Angustione. — A mixture of the 
ketone (11*7 g.), potassium hydroxide (7 g.), water (6 c.c.), and 
alcohol (14 c.c.) was heated at 150° in a sealed tube for 3 hours. 
The liquid, which contained a crystalline potassium salt in suspen- 
sion, was diluted with water, the alcohol removed on the water-bath, 
and the cold solution acidified ; a crystalline solid mixed with some 
oil then separated. The solid (4*1 g.) was collected and washed 
with light petroleum (b. p. 40—60°) to remove the oil; when 
recrystallised from petroleum (b. p. 60 — 80°), it separated in glisten- 
ing prismatic needles, m. p. 131—132° (Found : C, 70*4; H, 8*8. 
C 9 H 14 0 2 requires C, 70*1 ; H, 9*1%). This substance was identified 
as 1:1: 3-trimethylc?/cZohexane-4 : 6-dione by the preparation of 
the piperonal derivative, m. p. 192 — 193°. 

The filtrate from which the dione had been separated was extracted 
with ether and, after being made alkaline with sodi um carbonate 
solution, evaporated to dryness on the water-bath. The residual 
salts were extracted with absolute alcohol, and the alcohol evapor- 
ated after filtration. The crystalline residue consisted essentially 
of sodium acetate, since on admixture with alcohol and sulphuric 
acid ethyl acetate was formed, whilst on the* addition of silver 
nitrate to an aqueous solution silver acetate was precipitated. After 
reerystallisation from hot water the silver salt was analysed (Found : 
Ag, 64*9. Calc. : Ag, 64*7%). 

. Beduction of Angustione with Sodium a/nd Alcohol . — To a solution 
of the ketone (20 g.) in gently boiling alcohol (300 c.c.), sodium 
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(30 g.) was gradually added. After all the sodium had dissolved, 
steam was passed through the solution; after removal of the 
alcohol, a very pungent-sme lling oil (A) distilled. The residue in 
the flask consisted of a viscid oil (B), which partly solidified. 

The oil (A) was dissolved in ether, dried, recovered (6 g.), and dis- 
tilled under diminished pressure (12 mm.). The first fraction, a 
mobile pungent oil, distilled mainly at about 90°, and the remainder, 
which was very viscid, at 140 — 150°. All attempts to prepare 
crystalline derivatives of these substances have been unsuccessful 
and they have not been identified. 

The residue (B) was shaken with a little ether, and the solid (4*1 g.) 
collected and recrystallised from ethyl acetate, in which it was 
somewhat sparingly soluble. The alcohol crystallised in soft needles, 
m. p. 196 — 197°, which were kevorotatory in alcohol, c = 0*4467, 
1 = 2, a5461 -0*09°, [aW -10*23° [Found: C, 65*3; H, 10*7; 
M (Hast), 406. requires C, 65*6 ; H, 10*4% ; M , 404]. 

The alkaline solution from which the alcohol had been separated 
was acidified; the oil deposited partly crystallised. After draining 
on porous porcelain, the solid was xecrystallised from light petroleum 
(b. p. 60 — 80°), separating in prismatic needles, m. p. 130 — 131°, 
and was identified as 1:1: 3-trimethylc^cZobexane-4 : 6-dione 
(Found : C, 70*3; H, 9*1. Calc. : C, 70*1 ; H, 8*7%). 

Dehydroangustione (XVII). 

Dehydroangudione, after purification through its copper deriv- 
ative, had b. p. 126 — 127°/I1 mm., d$? 1*103, nf 5 * 1*5255, 
OW -2*03°, [M l ] d 54-5 (Found: C, 67-9; H, 7*5. 
requires C, 68*0; H, 7*2%). It gives in alcoholic solution with 
ferric chloride the same orange-red coloration as angustione. The 
following derivatives were prepared by methods identical with those 
used for the preparation of the analogous derivatives of angustione, 

Aminodehydroangustione crystallised from cyclohexane in glistening 
prismatic needles or from much hot water in leaflets, m. p. 151°. It 
was laevorotatory in alcoholic solution, c = 3*98 , 1 = 2, oc 5461 — 0*41°, 
Msm -1-76° (IWd: 0, 68-3, 08-2; H, 8-0, 7-8. C n H 15 0,N 
requires C, 68*4; H, 7*8%). 

Aminodehydroangustione cannot be acetylated, being recovered 
unchanged after prolonged digestion with acetic anhydride. When 
kept for some days in alcohoBc solution with semicarbazide acetate, 
it is converted into anhydrodehydroangustionesemiearbazone. 

The copper derivative crystallised from benzene, in which it was 
somewhat more soluble than the corresponding derivative of 
angustibne, In blue needles, m. p. 188— 190° (Found: 58*8, 58*5; 
H, 6*0, 6*0. CggE^gOeCu requires C, 58*7; H* 5*8%). 
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A nhydrodehydroangustion e - 4 ( or 6)-semicarbazone was obtained in 
two forms. The a-semicarbazone crystallised from chloroform- 
benzene in prismatic needles, decomp. 138 — 139° (Found : 1ST, 17*7. 
O^OJKT, requires N, 18*0%). When a hot concentrated solution 
of the a-semicarbazone was rapidly cooled, a gel was obtained which 
crystallised on gentle warming. The solid, m. p. 164°, obtained was 
now very sparingly soluble in chloroform and quite colourless, no 
longer showing the blue fluorescence of the a-semicarbazone. The 
fi-semicarbazone crystallised from dilute alcohol in small prisms, 
decomp. 173—175° (Found: C, 57*8; H, 6-9. C^H 16 0 2 N 3 ,H 2 0 * 
requires 0, 57*4; H, 6*8%). Both semicarbazones gave the same 
deep blue colour with ferric chloride. 

A nhydrodehydroangustione- 4 ( or 6)-p -bromophenylhydrazone crys- 
tallised from alcohol in almost colourless prisms, m. p. 247 — 248° 
(Found: C, 59*1; H, 5*0. C 17 H 17 ON 2 Br requires 0, 59-1 ; H, 
4*9%). . 

AnhydrodehydroangustioneA(oi 6)-oxime. A mixture of the 
ketone (2-1 g.), hydroxylamine hydrochloride (2*5 g.), and sodium 
hydroxide (1*5 g. in water, 5 c.c.) with sufficient alcohol to give a 
clear solution was kept for 3 hours and then diluted with water. The 
anhydro-oxime thus precipitated crystallised from dilute alcohol in 
glistening needles, m. p. 79 — 80°. It was dextrorotatory in alcoholic 
solution : c = 3-09, l = 2, a Mei + 0-15°, [a]^ + 4*95° (Found : 
C, 69*1 ; H, 7-0. requires C, 69*1 ; H, 6-8%). 

Piperonylidenedehydroangustione separated from alcohol in yellow 
needles, m. p. 169—170° (Found : C, 70-0 ; H, 5-8. C 19 H 18 0 5 
requires C, 69-6 ; H, 5-5%). 

Oxidation of JDehydroangustione. — (A) With potassium permangan- 
ate. A mixture of the ketone (5 c.c.) and acetone (200 c.c:) was 
cooled to 0°, and finely powdered potassium permanganate gradually 
added. After the addition of 6 g. the oxidation became very slow ; 
water (20 c.c.) was added and a further quantity of permanganate 
(10 g.). After the whole had remained over-night in the ice-box, 
the manganese dioxide sludge was separated and thoroughly washed 
with boiling water and the aqueous extract was evaporated to a 
small bulk in a current of carbon dioxide. The acetone on evapor- 
ation left a brown liquid, which was added to the main extract. 
The aqueous solution was acidified and extracted with ether (10 
times), the extract dried, and the solvent evaporated. The residual 
oil, which had a strong odour of acetic acid, slowly crystallised 
when kept in a vacuum over potassium hydroxide* The solid was 
mixed with acetyl chloride and warmed on the water-bath for 2 

* Sufficient material was not available to determine whether this addition 
of water was constitutional. 
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hours, and the excess of acetyl chloride removed. When the 
residual solid was triturated with ice-cold sodium bicarbonate solu- 
tion, a portion dissolved. The residue, aay-trimethylglutarie 
anhydride, m. p. 95°, was dissolved in boiling water; on cooling, 
aay-trimethylglutaric acid crystallised in leaflets, m. p. 97° (Found : 
C, 55*3; H, 8-0. Calc. : C, 55-1 ; H, 8-0%). 

The sodium bicarbonate solution was acidified and extracted with 
ether; the solid which remained after removal of the solvent 
crystallised from water in tablets, decomp. 185—186°, and was 
identified as dimethylmalonic acid by the method of mixed melting 
point. * ° 

(B) With potassium hypobromite. Dehydroangustione (9*8 g.) in 
potassium hydroxide solution (40 c.c. ; KOH, 3-7 g.) was added to a 
solution of potassium hypobromite (KOH, 17 g. ; Br 2 , 24 g. ; H s O, 
100 c.c.) ; bromoform was immediately deposited with considerable 
rise in temperature. After 1 hour, the excess of the hypobromite 
was removed with sulphur dioxide and the bromoform (4 — 5 g.) 
separated. The solution was acidified, saturated with ammonium 
sulphate, and extracted with ether (10 times) and the ether was 
dried and evaporated. The residual oil was distilled in steam and 
the distillate, which contained a heavy oil, was saturated with 
ammonium sulphate and extracted with ether. The oil (5 g.) left 
on removal of the solvent was distilled under diminished pressure 
(11 mm - V> it boiled at 125 — 130° and partly crystallised on keeping. 
The sohd was collected, washed with light petroleum, and recry s- 
6 oo solvent, separating in long prismatic needles, 

H 6 5°/ \ Th- md h ?’ 62 3 L "?’ 6 6 ' C8Hl0 °8 re< l uires c > 62-3; 
f 1, 65 f°\ Tlus ^stance, which, as has already been mentioned 

haa not been identified, gives no colour with ferric chloride in 
aqueous solution. 

The filtrate from which the substance, m. p. 88-5°, had been 
removed did not crystallise on keeping and was found to consist 
essentially of unchanged dehydroangustiofie. 

The aqueous residue from the steam distillation was made 
aikakne, concentrated, acidified, and extracted with ether On 
evaporationofthe solvent an oil was obtained which partly crystal- 
hsed On tnturation with hot light petroleum the greater part 

4 T* resmous residue : evaporation of the fight 
petroleum left colourless crystals which separated from hot water 
in glistening leaflets, m. p. 91-92°. There can be no doubtThS 
this acid was 1-^trimeOylgluhmc acid ; in water, c = 1 123 

^ - 169 ° ( FouDd: C > 55-2; H 8-0 
r s H iA requires C, 55-1 ; H, 8 0%). ’ 

ActWn Potass ium Hydroxide on Dehjdroangustwne.— Dehydro- 
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angustione was heated with an alcoholic solution of potassium 
hydroxide under the same conditions as those used for the hydrolysis 
of angustione. On completion of the reaction the tube contained a 
sparingly soluble potassium salt which crystallised in prisms. The 
reaction product, which was an oil, was dissolved in light petroleum 
(b. p. 40 60°) and kept for some days in the ice-box ; the crystalline 
solid (yield, 0-3 g. from 10 g.) that had separated was recrystallised 
from light petroleum-benzene ; it separated in felted needles, m. p. 
159 160°, and was identified as 1 : 1 : 3-trimethyl- A 2 -cycfohexene- 
4 : 6-dione by the method of mixed melting point an d by analysis 
(Found : C, 71*2; H, 8-0. Calc. : C, 7M; H, 7-9%). 

Action of Sulphuric Acid on Dehydroangustione . — A mixture of the 
ketone (5 e.c.), sulphuric acid (10 c.c.), and water (10 c.c.) was 
heated on the water-bath for 8 hours. The oil slowly dissolved and 
a deep red colour developed, some sulphur dioxide being liberated. 
The cooled solution was diluted with water and the solid which 
separated^ (3*4 g.) was recrystallised from dilute alcohol; it was 
obtained in needles, m. p. 159 — 160°, and was identified as 1 : 1 : 3- 
trimethyl-A 2 -cyc7ohexene-4 : 6-dione. The hydrolysis can also be 
effected with dilute sulphuric acid (10%), but owing to the sparing 
solubility of the ketone the time required is very much longer. 

Reduction of Dehydroangustione. — Dehydroangustione was reduced 
with sodium and alcohol in the same manner as angustione (p. 1197). 
The products obtained were identical, but in this case a considerable 
quantity of a viscid red oil was also formed. The yields of the 
various products from 20 g. of ketone were ; dione, 2 g. ; bimolecular 
alcohol, 3 g. ; oil volatile in steam, 5 g. 

We have to express our thanks to Prof. Robinson for many 
valuable suggestions. We are indebted to the Government Grant 
Committee of the Royal Society for a grant which has defrayed part 
of the cost of this investigation. 

Gtry s Hospital Medical School Technological Museum, 

(University of London), Sydney. 

London, S.E. 1. [Received, March 21th, 1030.] 


CL, The Effect of Qas Pressure on the Colour of 
Halogen Vapours . 

By Alexandeb Sheabee and Robert Weight. 

It was recently shown (J., 1929, 1364) that the deeper colour of 
iodine vapour in the presence of a gas as compared with that in a 

vacuum was independent of the nature of the gas used, and took 
s s 2 
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place even when tlie iodine vapour was unsaturated. It was 
suggested that this “ Dewar ” effect might he attributed simply to 
the pressure of the inactive gas. 

A further series of absorption spectra photographs has now been 
made, in which the iodine vapour was submitted to different air 
pressures ranging from zero to about 2 atm. The iodine was con- 
tained in a Lilbum flask, as previously described, but in the present 
case the flask was connected to a manometer and a compression 
pump. Throughout the whole series a deepening of colour was 
produced step by step with increase of pressure (see Big. 1). 

Bromine vapour was examined under its own vapour pressure and 
when mixed with air at atmospheric pressure. The presence of the 
air produced a very slight increase in absorption (see Big. 2). The 
ultraviolet absorption spectrum of chlorine was also examined, in a 
tube of about 20 cm. length with quartz ends. The pressure of the 
chlorine was reduced to about 0-5 atm., and its absorption spectrum 
photographed; air was then admitted and a second photograph 
taken. The pressure of the air produced no change in the absorptive 
power of the chlorine (see Big. 3). 

Gilasgow Univeesity. [Beceived, March 1 2th’, 1930 .] 


CLI. — The Bromination of 2-Nitro- and 2-Acetamido - 
diphenyl Ether . 

By Hamilton McCombie, William George Macmillan, and 
Harold Archibald Scarborough. 

The bromination of 2-nitrodiphenyl ether proceeded in three stages : 
4-bromo-2'-nitrodiphenyl ether was formed in acetic acid solution, 
2 : 4-dibromo-2 '-nitrodiphenyl ether by the action of dry bromine in 
diffused light, and 2:4: -tribromo~2 ! -nitrodiphenyl ether (I) by the 
action of dry bromine in bright sunlight. Similarly, 2-bromo-2'- 
nitro- 3 4-bromo-2-nitro- 3 and o-bromo-2-nitro-diphenyl ethers when 
brominated in acetic acid solution yielded dibromo-derivatives in 
which the entering bromine atom occupies the 4-position in the 
non-nitrated nucleus. The action of dry bromine on 2 : 4-dibromo- 
and 4 : 4' -dibromo^* -nitrodiphenyl ethers was to yield 2:4: 4'-tri- 
bromo-2'-nItrodiphenyl ether; and 4 : 5' -dibromo-2' -nitrodiphenyl 
ether yielded 2:4:4': 5' -tetrabromo-2 ' -nitrodiphenyl ether . 

The bromination of 2-acetamidodiphenyl ether in acetic acid 
solution gave 5-bro7no-2-aceiarnidodiphenyl ether as the sole product ; 
a second bromine atom could, however, be introduced under the 
same conditions to give 4 : o r - dibromo -2 ' - acetamidodiphenyl ether. 



Pressure of air in cm. 


Fig. 1. 



Iodine vapour at various air pressures at 90 °. 

[To face page 1202.] 



Fig. 2 . 



Bromine in a vacuum and in air at 15°. 
Reference spectrum and three sets of exposures . 


Fig. 3. 



Chlorine in a vacuum and in air. 
Reference spectrum and three sets of exposures . 
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The direct introduction of a third bromine atom into the molecule 
was not attempted. Further it was found that 2-, 4-, and 4:'-bromo- 
2' -acetamidodiphenyl ethers were also brominated in the 5'-position ; 
4 : 4' -dibromo- and 2:4: 4' -tiribromo-2' -acetamidodiphenyl ethers be- 
haved in the same manner. Under similar conditions it was found 
that 2 : 5 i ~dibrcmo-2 / -acetamidodiphenyl ether was converted into 
2:4: 5' -tribromo-2' -acetamidodiphenyl ether (II). 

Br 



The structures of the monobromo-2-nitro- and 2 : 4-dibromp- and 
4 : 4' -dibromo -2 7 -nitro -diphenyl ethers were established by the 
condensation of appropriately substituted o-halogenonitrobenzenes 
with sodium or potassium halogenophenoxide. The reduction of 
the nitro-compound to the base and subsequent acetylation also 
determines the structure of the corresponding bromoacetamido- 
diphenyl ethers. Since both 2:4- and 4 : 4'-dibromo-2'-nitrodi- 
phenyl ethers yield the same tribromo-compound, it must have the 
constitution 2:4: 4 , -tribromo-2 , -nitrodiphenyl ether, and the struc- 
ture of the acetamido-derivative also follows. The further bromin- 
ation of 5-bromo-2-nitrodiphenyl ether, reduction and acetylation 
yielded a product identical with that obtained by the further 
bromination of 4-bromo-2'-acetamidodiphenyl ether and thus estab- 
lished the structure of 4 : 5'-dibromo-2'-nitrodiphenyl ether and of 
the corresponding acetamido-derivative. The orientation of the 
bromine atoms in 2:4:4': 5 ' - tetr abrom o -2 ' -nitrodiphenyl ether 
and of the acetyl derivative of the derived base was fixed by 
brominating 2:4: 4'-tribromo-2'-acetamidodiphenyl ether and prov- 
ing that the product was identical with that obtained by introducing 
three bromine atoms into the molecule of 5-bromo-2-nitrodiphenyl 
ether and reducing and acetylating the product. 

The results show that the bromination of 2-nitro- or of a mono- 
bromo-2-nitro-diphenyl ether proceeds in stages until the 2 : 4- 
positions in the non-nitrated and the 4-position in the nitrated 
nucleus are substituted; a definite sequence is followed and sub- 
stitution in the nitrated nucleus does not take place until the other 
two positions are substituted. The introduction of the third 
bromine atom into the 4-position in the nitrated nucleus as the 
sole product to be isolated was unexpected and thus in the case of 
both 2- and 4-mtrodiphenyl ethers there seems to be a marked 
steric factor which limits substitution in the positions adjacent to 
the oxygen linkage, A marked difference is shown between the 
behaviour of 2- and 4-acetamidodiphenyl ethers on bromination; 
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whereas 2-acetamidodiphenyl ether yielded as the sole product a 
compound substituted in the same nucleus as the acetamido-group, 
4-acetamidodiphenyl ether yielded a single product substituted in 
the opposite nucleus. Further, a dibromo-derivative of 4-acet- 
amidodiphenyl ether was obtained only with great difficulty, yet 
2-acetamidodiphenyl ether yielded a dibromo-derivative with the 
greatest ease. The loading of the 2-acetamidodiphenyl ether 
molecule with bromine atoms did not appear in any way to hinder 
substitution in the 5-position in the same nucleus as the acetamido- 
group. Two factors would seem to influence the positions taken 
by the bromine atoms; first, the strong directive effect of the 
acetamido-group, which exceeds that of any other group in the 
molecules considered, and secondly a strong steric factor, which 
would almost seem to inhibit substitution in the positions ortho to 
the acetamido-group. 

Certain substituted derivatives of 2-aminodiphenyl ether have 
been converted into the corresponding diphenylene oxides. It is 
proposed to extend the work along these lines. 

Experimental. 

2-Nitrodiphenyl ether was prepared by heating, at 160° for 12 
hours, a mixture of 2 parts of o-chloronitrobenzene and 1 part of 
sodium phenoxide in the presence of copper powder. The product 
was distilled in steam to remove excess o-chloronitrobenzene and the 
residue was taken up in ether, washed with dilute soda solution 
and water, dried, and distilled under diminished pressure. 

2-Bromo-2’ -nitrodiphenyl ether was obtained when o-chloronitro- 
benzene was condensed with potassium o-bromophenoxide. It dis- 
tilled at 250°/20 mm., and separated from methyl alcohol in faintly 
yellow prisms, m. p. 54° (Found : Br, 27-35. C^HgO^NBr requires 
Br, 27*2%). 

4i-Brmw-2~nitrodipJienyl ether was prepared by the condensation 
of 2 : 5-dibromonitrobenzene with potassium phenoxide. Excess 
2 : 5-dibromonitrobenzene was removed by prolonged distillation 
with steam. The product was a light yellow oil, b. p. 210°/15 mm. 
(Found : Br, 27-4. C-^HgO^NBr requires Br, 27*2%). 

4rBromo-2 r -nitrodiphenyl ether was obtained when 2-nitrodiphenyl 
ether was treated, in carbon tetrachloride or acetic acid solution, 
with a slight excess of bromine as a 10% solution. The reaction 
was completed by warming the mixture on a water-bath for 30 
minutes and then pouring it into a dilute solution of sodium sulphite. 
It separated from methyl alcohol in faintly yellow needles, m. p. 72° 
(Found ; Br, 27*05. C 12 H 8 0 3 NBr requires Br, 27*2%).. The same 
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product was obtained when o-chloronitrobenzene was condensed 
with potassium ^-bromophenoxide. 

5.Bromo-2-nitrodiphenyl Ether . — 2 : 4- Dibr omonitrobenzene (1*1 
mols.) was condensed with sodium phenoxide (1 mol.), in the 
presence of phenol and copper powder, at 150° for 18 hours. The 
compound, extracted in the usual manner, crystallised from methyl 
alcohol in yellow plates, m. p. 108° (Found : Br, 26*95. C 12 H 8 0 3 NBr 
requires Br, 27*2%). 

2 .: 4-Dibromo-2'-nitrodiphenyl ether was obtained when 2-nitro- 
or 4-bromo-2'-nitrodiphenyl ether was treated with an excess of 
dry. bromine, and the solution kept until it solidified. The product 
was warmed with a dilute solution of sodium sulphite and crystallised 
froin methyl alcohol. 2 : 4-Dibromo-2'-nitrodiphenyl ether separated 
from light petroleum (b. p. 40 — 60°) in small yellow needles, m. p. 
80°. The condensation of o-chloronitrobenzene with potassium 
2 : 4-dibromophenoxide, at 200° for 24 hours, yielded the same 
product (Found : Br, 43*0. C 12 H 7 0 3 KBr 2 requires Br, 42*9%). 

4 : 4' -Dibromo-2-nitrodiphenyl ether was prepared by treating 
4-bromo-2-nitrodiphenyl ether with a slight excess of bromine in 
acetic acid solution. It separated from methyl alcohol in pale 
yellow needles, m. p. 94° (Found : Br, 42*9. C 12 H 7 0 3 lSrBr 2 requires 
Br, 42*9%). The same product was obtained when 2 : 5-dibromo- 
nitrobenzene was condensed with potassium p-bromophenoxide. 

4 : 5' -Dibromo-2' -nitrodiphenyl ether was obtained when 5-bromo- 
2-mtrodiphenyl ether was treated with a slight excess of bromine 
in acetic acid solution. It crystallised from methyl alcohol in 
yellow plates, m. p. 99° (Found : Br, 42*8. C 12 H 7 0 3 NBr 2 requires 
Br, 42*9%). 

2:4: 4' -Tribromo-2' -nitrodiphenyl ether was obtained when 2- 
nitro-, 4-bromo-2'-nitro-, 4-bromo-2-nitro-, or 2 : 4-dibromo-2'- 
nitro-diphenyl ether was dissolved in dry bromine, and the solution 
kept in sunlight until a solid mass was formed. Excess bromine 
was removed with dilute aqueous sodium sulphite, and the product 
crystallised from acetic acid. It separated from methyl alcohol in 
pale yellow prisms, m. p. 102° (Found : C, 31*65 ; H, 1*5 ; Br, 53*3. 
C 12 H 6 0 3 NBr 3 requires C, 31*85; H, 1*35; Br, 53*1%). 

2 : 4 : 4' : ft-Tetrabromo-W -nitrodiphenyl ether was prepared by 
dissolving 5-bromo-2-nitrodiphenyl ether in excess of dry bromine 
and keeping the solution in sunlight until a solid mass was obtained. 
It crystallised from ethyl alcohol or acetic acid in yellow needles, 
m. p. 170° (Found : Br, 59*95. C 12 H 5 0 3 KBr 4 requires Br, 60*2%). 

2-Acetamidodiphenyl Ether. — 2-Nitrodiphenyl ether was reduced 
with stannous chloride in ethereal hydrogen chloride solution by 
refluxing for 3 hours. The ether was removed and the base was 
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liberated with 30% sodium hydroxide solution, taken up in ether, 
and distilled under diminished pressure. 2-Aminodiphenyl ether 
was obtained as a light yellow oil, b. p. 173°/20 mm., m. p. 44°. 
It was acetylated with acetic acid (4 parts) and acetic anhydride 
(1 part) by refluxing for 20 hours. On pouring the solution into 
water an oil was obtained which solidified slowly. The acetyl 
derivative crystallised from dilute methyl alcohol or light petroleum 
(b. p. 60 — 80°) in prisms, m. p. 81°. 

2-Bro?w-2'-acetamidodiphenyl Ether. — 2-Bromo-2'-mtrodiphenyl 
ether was reduced with stannous chloride in ethereal hydrogen 
chloride solution, and the base extracted in the usual manner. 
2-Bromo-2' -aminodiphenyl ether crystallised from light petroleum 
(b. p. 40 — 60°) in clustered needles, m. p. 60° (Found : Br, 30-3. 
Ci 2 Hi 0 ONBr requires Br, 30*3%). The base was acetylated by 
refluxing it for 2 days with acetic anhydride (1 part) and acetic 
acid (10 parts); the product crystallised from methyl alcohol or 
light petroleum (b. p. 60 — 80°) in needles, m. p. 95° (Found : Br, 
26*3. 0 14 H 12 0 2 bnBr requires Br, 26*1%). 

2-Bromo-2'-diaeetamidodiphenyl ether was obtained when 2-bromo- 
2 ' -aminodipheny 1 ether was refluxed with a mixture of acetic 
anhydride (1 part) and acetic acid (3 parts) for 36 hours. It 
separated from methyl alcohol or light petroleum in heavy prisms, 
m. p. 105° (Found : Br, 23*1. C 16 H 14 0 3 NBr requires Br, 23*0%). 

4:-Bromo-2-ami7iodiphmyl Ether . — 4-Bromo-2-nitrodiphenyl ether 
was reduced in the usual manner. The base distilled at 222°/15 mm. 
and the light yellow oil slowly solidified; it separated from light 
petroleum in clustered needles, m. p. 54° (Found: Br, 30*3. 
C 12 H 10 ONBr requires Br, 30*3%). Acetylation of the base was 
attempted under various conditions, but the product was invariably 
a thick oil which would neither solidify nor crystallise from any of 
the usual solvents. 

4:-Bromo-2 '-aminodiphenyl ether was obtained, by the reduction 
of 4-bromo-2'-nitrodiphenyl ether in the usual manner, as a light 
yellow oil, b. p. 211°/15 mm. (Found : Br, 30*5. C 12 H 10 OIsnBr 
requires Br, 30*3%). The acetyl derivative was obtained by reflux- 
ing the base with a mixture of acetic anhydride and acetic acid ; it 
separated from methyl alcohol in prisms, m. p. 106° (Found : Br, 
25*95. . C^H^OgKBr requires Br, 26*1%). 

5 -Bromo-2 -aceiamidodiphe nyl Ether . — 2-Acetamidodiphenyl ether 
was brominated in acetic acid solution in the presence of fused 
sodium acetate, or 5-bromo-2-nitrodiphenyl ether was reduced and 
the base acetylated. The acetyl derivative separated from methyl 
alcohol in prisms, m. p. 146 p (Found : Br, 25*95. C 14 H 12 0 2 NBr 
requires Br, 26*1%). 
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5-Bromo-2-aminodiphenyl ether was obtained by the reduction of 
the nitro-compound or by refluxing the acetyl derivative with 
ethyl-alcoholic hydrochloric acid for 4 hours. It separated from 
light petroleum (b. p. 40—60°) in plates, m. p. 46° (Found : Br, 
30*15. C 12 H 10 ONBr requires Br, 30*3%). The hydrochbride 
crystallised from a solution of the base in dilute hydrochloric acid 
in needles, m. p. 186° (Found : HC1, 12*15. C 12 H 10 ONBr,HCl 
requires HC1, 12*15%). 

2 : 4-Dibromo-2'-aminodiphenyl ether was prepared by reducing 
the corresponding nitro-compound in the usual manner and was 
liberated as a thick yellow oil which did not solidify. It was 
purified by conversion into the hydrochbride , which separated from 
dilute hydrochloric acid solution in plates, m. p. 180° (Found : 
HC1, 9*5. C^HgONB^jHCl requires HC1, 9*6%). The base was 
acetylated with a mixture of acetic acid and anhydride ; the acetyl 
derivative crystallised from light petroleum (b. p. 60 — 80°) in 
needles, m. p. 117° (Found : Br, 41*3. C 14 H n 0 2 NBro requires Br, 
4!*5%). 

2 : 5' -Dibromo-2 r -acetamidodiphenyl Ether . — 2-Bromo-2'-acet- 

amidodiphenyl ether was treated with a slight excess of bromine 
in acetic acid solution in the presence of fused sodium acetate. It 
separated from light petroleum (b. p. 80 — 100°) in clustered needles, 
m. p. 112° (Found : Br, 41*5. C 14 H n 0 2 NBr 2 requires Br, 41*5%). 

4 : 4/ -Dibromo-2' -aminodiphenyl ether was prepared by the reduc- 
tion of 4 : 4'-dibromo-2'-nitrodiphenyl ether and obtained as an 
oil, b. p. 240°/15 mm., which slowly solidified and then crystallised 
from methyl alcohol in needles, m. p. 70° (Found : Br, 46*5. 
G l2 H 9 ONBr 2 requires Br, 46*65%). The acetyl derivative, prepared 
in the usual manner, separated from methyl alcohol or benzene in 
needles, m. p. 142° (Found : Br, 41*35. C 14 H u 0 2 NBr 2 requires 
Br, 41*55%). 

4 : 5' -Dibromo-2' -acetamidodiphenyl ether was obtained when 4:5'- 
dibromo-2'-nitrodiphenyl ether was reduced and the base acetylated ; 
or when 4-bromo-2'-acetamidodiphenyl ether was brominated in 
acetic acid solution in the presence of fused sodium acetate. It 
crystallised from methyl alcohol in needles, m. p. 144° (Found : 
Br, 41*55. C 14 H 11 0 2 NBr 2 requires Br, 41*55%). 4 : S'-JDibromo - 
2 f -aminodiphenyl ether was prepared by refluxing the acetyT deriv- 
ative with alcoholic hydrochloric acid for 3 hours; it separated 
from methyl alcohol in needles, m. p. 82° (Found: Br, 46*4. 
C 12 H 9 ONBr 2 requires Br, 46*65%). The hydrochbride separated 
from dilute hydrochloric acid solution in needles, m. p. 202° (Found ; 
HC1, 9*65. Ci^ONBr^HCl requires HC1, 9*6%). 

2:4: 4' -Tribromo-2' -aminodiphenyl ether , obtained by the reduc- 
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tion of 2:4: 4'-tribromo-2'-nitrodiphenyl ether ydth stannous 
chloride in ethereal hydrogen chloride solution, separated from 
methyl alcohol or light petroleum in rosetted needles, m. p. 83° 
(Found : Br, 57*1. C l2 H 8 ONBr 3 requires Br, 56*9%). It was 
acetylated in the usual maimer and the acetyl derivative separated 
from methyl alcohol in needles, m. p. 127° (Found : Br, 51*65. 
C^HjoOgNBrg requires Br, 51*7%). 

2:4: 5'-Tribromo-2'-acetamidodiphenyl ether was obtained when 
2: 4- or 2 : 5'-dibromo-2'-aeetanHdodiphenyl ether was treated with 
bromine in acetic acid solution in the presence of fused sodium 
acetate. It separated from methyl alcohol in needles, m. p. 147° 
(Found : Br, 51*7. C 14 H 10 O 2 NBr 3 requires Br, 51*7%). 

4:4": o'-Tribromo^-acetamidodiphenyl ether was obtained from 
4 : 4 / -dibromo-2 / -acetamidodiphenyl ether by bromination in the 
usual manner;- and also from 5-bromo-2-acetamidodiphenyl ether 
by bromination in acetic acid solution on the water-bath. It 
crystallised from methyl alcohol in needles, m. p. 167° (Found : 
Br, 51*6. C 14 H l0 O 2 NBr 3 requires Br, 51*7%). 4 : 4' : S'-Tribromo - 
2 f -aminodiphenyl ether , obtained by deacetylation in alcoholic hydro- 
chloric acid solution, crystallised from methyl alcohol or light 
petroleum in needles, m. p. 120° (Found : Br, 56*7. C 12 H 8 ONBr 3 
requires Br, 56*85%). The hydrochloride of the base separated 
from methyl-alcoholic hydrochloric acid solution in needles, m. p. 
222° (Found : HC1, 7*7. C 12 H 8 ONBr 3 ,HCl requires HOI, 7*9%). 

2:4:4': 5'-T etrabromo-2' -acetamidodiphenyl ether was prepared 
by treating 2:4: 4'-tribromo-2 , -acetamidodiphenyl ether with 
excess of bromine in acetic acid solution in the presence of fused 
sodium acetate ; after standing in the sunlight and warming to 
70°, a partly brominated product was obtained, from which the 
unchanged tribromo-compound was separated by refluxing with 
light petroleum. The residue crystallised from ethyl alcohol in 
needles, m. p, 210° (Found : Br, 58*9. C 14 H 9 0 2 NBr 4 requires Br, 
58*9%). The same product was obtained when 2:4:4': 5'-tetra- 
bromo-2'-nitrodiphenyl ether was reduced and the base acetylated 
in the usual manner. 

One of the authors (W. G. M.) begs to thank the Carnegie Trustees 
for a Fellowship which has enabled him to collaborate in this work. 
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CLII . — Quinoline Compounds containing Arsenic . 

Part I . Synthesis of 6-Jf ethoxy quinoline Deriv- 
atives of Aminophenylarsinic Acids. 

By Robert Henry Slater. 

The chemotherapeutic activity in malaria of certain 6-methoxy- 
quinoline compounds, such as quinine and plasmoquine (compare 
Barger and Robinson, J., 1929, 2947), and of arsenic (particularly 
in chronic cases where quinine has only a slight curative action) 
would seem to indicate that a highly efficient anti-malarial might 
be produced by the combination of a 6-methoxyquinoline derivative 
with an arsenic compound. 

Ror the synthesis of compounds of this type, 4-chloro-6-methoxy- 
2-methylquinoline, easily accessible (Conrad and Limpach, Ber. t 
1888, 21 , 1651) and containing labile halogen, appeared to be a 
suitable initial material. The first method investigated, namely, 
direct condensation with o- or ^-aminophenylarsinic acid, was 
unsuccessful, whether the two substances were heated together 
(a) in the dry state, ( b ) in presence of quinoline, or (c) in boiling 
amyl alcohol to which anhydrous potassium carbonate and a trace 
of copper powder and cuprous iodide had been added (compare 
Burton and Gibson, J., 1926, 459; Wintersteiner and Lieb, Ber,, 
1928, 61 , 1126). 

When, however, 4-chloro-6-methoxy-2-methylquinoline was 
heated with an excess of p-phenylenediamine, 4--p~aminoanilino- 
C-metJwxy-2-methylquinolim (I) was produced. This base was 
converted into p-6' -methoxy-2' -methylA' -quinolylaminophenylarsinic 
acid (II) by means of the Bart reaction, uniform yields being obtained 
when the solid diazo-compound was employed. 


By a similar series of reactions i-m-amiTioanilirio-C-methoxy- 
2-methylquinoline and tc-Q' - methoxy-2' -methyl-4:' -quinolylamino- 
phenylarsinic acid were obtained. 

4 - Chloro - 6-methoxy -2 -me thylquinoline and benzidine condensed 
readily when heated together, with formation of 4-benzidino-6- 
metkoxy-2 -meihylquinoline (HI). This base was readily converted 
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into 4 / -methoxy-% 1 ' -methyl-4/' -quinolylaminodiphenylylarsinic acid 
(IV) by means of the Bart reaction. 


Me* 
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X MeO, 
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^'-3)iaininodiphenylnietliane and 4-chloro-6-methoxy-2-methyl- 
quinoline condensed slowly when heated together. pp'-£h‘-6'- 
methoxy-2' -methyl-4:' -quinolyldiaminodiphenylmethane (V) was the 
only product even when a large excess of pp'-diaminodiphenyl- 
methane was present. 


<Y-> Me0/\\^ 

\A> Ml 

N . N 
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Monoquinolyl derivatives also have not yet been obtained from 
o-tolidine or o-dianisidine and 4-chlor o - 6-methoxy-2 -methyl- 
quinoline. Attempts are being made to condense these bases and 
various aminophenylarsinic acids with 4-bromo-6-methoxy-2- 
methylquinoline (which contains a more reactive halogen atom). 

Several of the substances now described exhibit a remarkable 
tendency to form gels when warm dilute aqueous solutions of their 
salts are cooled, and most of them give brilliant colorations, ranging 
from red to purple, when they are added under suitable conditions 
to a dilute aqueous solution of iodine in potassium iodide. These 
reactions will be more fully described elsewhere. 

The above quinolylarsinic acids and some of the intermediate 
compounds are being tested by the Joint Co mm ittee on Chemo- 
therapy formed by the Medical Research Council and the Depart- 
ment of Scientific and Industrial Research in respect of their chemo- 
therapeutic actions. The results of these tests will be published 
later. 

IXPEEIMEUTAL. 

4:-j)-Aminoanili7M-6-7mthoxy-2-methylquinoline (I). — A mixture of 
4-ch^ro-6-methosy-2-methylquinoline (10*4 g.) and p-phenylenedi- 
amine (9 g.), heated at 13fr— 140°/15 mm. during 20 minutes, be- 
came dark brown and almost completely solid. A solution of the 
product in the minimum amount of hot dilute hydrochloric acid 
(5%) was filtered, codied, and added to twice its volume of con- 
centrated hydrochloric acid (d 1-19). From the pale green, crystal- 
line hydrochloride (13*5 g.) which separated, the free base was 
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liberated by aqueous ammonia. It crystallised from aqueous 
alcohol (50%) in large, thick, light brown, rectangular plates, 
melting with loss of water at 215° (Found : C, 68-5 ,* H, 6*2. 
C 17 H 17 0N 3 ,H 2 0 requires C, 68*7 ; H, 6*4%). The base is soluble 
in ethyl alcohol, methyl alcohol, and acetic acid, but much less 
soluble in benzene and light petroletun. A dilute alcoholic or acetic 
acid solution does not give a coloration with jY/1000-iodine. The 
hydrochloride separates in fine, white, prismatic needles when 
hydrochloric acid is added to an alcoholic solution of the base. 

The acetyl derivative, prepared by means of boiling acetic 
anhydride, crystallised from aqueous alcohol (20% alcohol) in 
large, pale yellow rhombohedra which contained water of crystal- 
lisation. After dehydration at 150° the compound has m. p. 240° 
(Found: C, 71*2; H, 5*7; N, 12*8. C 19 H 19 0 2 N 3 requires C, 71*0; 
H, 6*0; N, 13*1%). It is soluble in alcohol and acetic acidj but 
practically insoluble in benzene and light petroleum. A warm 
dilute acetic acid solution (2%) sets to a firm jelly on cooling. A 
dilute acetic acid solution gives with N /1000-iodine a brilliant blue 
coloration, which disappears on warming and reappears on cooling. 
A dilute alcoholic solution behaves similarly, but fresh iodine 
solution has to be added to the cooled solution in order to restore 
the blue colour. A blue coloration is also produced when a dilute 
aqueous solution of potassium iodide is added to a mixture of an 
acetic acid solution of the acetyl compound and bromine water. 
Hydrochloric acid precipitates the hydrochloride from an alcoholic 
solution in yellow feathery needles which are sparingly soluble in 
water. 

j>-&~Methoxy-2'~methyl-4c r -quinolyla?ninophenylarsinic Acid (II). — 
A mixture of 4-^-aminoanilino-6-methoxy-2-methylquinoline 
(5*6 g.) and hydrochloric acid (9 c.c.; d 1*19) was cooled to 5° 
and diazotised (sodium nitrite, 1*6 g.; water, 7 c.c.) below 0°. 
After an hour, the mixture was neutralised at 0° with SA-sodium 
hydroxide, and sodium arsenite solution (a mixture of arsenious 
oxide, 3 g., in SA'-sodium hydroxide solution, 6 c.c.; sodium 
carbonate, 6 g., in water, 18 c.c. ; and 10% copper sulphate solution, 
0*6 c.c., to which was added sufficient aqueous ammonia to give the 
soluble complex salt) added. The whole was kept at room temper- 
ature for 16 hours and then warmed gently on the water-bath until 
evolution of nitrogen ceasetf. After filtration, the solid residue 
was extracted thrice with small quantities of aqueous sodium 
hydroxide (5%). The hydrogen-ion concentration of the combined 
filtrates was adjusted with hydrochloric acid to 7-5 ; the arsinic 
add was then quantitatively precipitated as a white gelatinous 
solid. This was collected and repeatedly dissolved in dilute sodium 
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hydroxide solution and reprecipitated at its isoelectric point (p 3 7-5) 
with nitric acid ; the stellate clusters of fine, white, prismatic needles 
obtained were washed with water (yield, 0-5 — 3*2 g.). The acid 
was unmelted at 307° (Found : N, 7*6; As, 19*4. Ci 7 H 17 0 4 N 2 As 
requires N, 7-2 ; As 19*3%). 

A more uniform yield was detained by the following method. 
A well-stirred mixture of 4-p-aminoaiuIino-6-methoxy-2-methyl- 
quinoline (5*6 g.) and glacial acetic acid (30 c.c.) was cooled to 10°, 
sodium nitrite (1*6 g.) added gradually, and the clear reddish-brown 
solution poured into dry ether (15 0 c.c.). The solid orange 
diazonium compound, which separated, was collected, washed with 
dry ether, and added to the sodium arsenite mixture (as used above). 
After standing over-night, the reaction product was worked up and 
the arsinie acid isolated as in the last experiment (yield, 2*6 g.). 

The arsinie acid is practically insoluble in water and the usual 
organic solvents. It dissolves readily in dilute sodium and 
ammonium hydroxide solutions and in moderately concentrated 
hydrochloric acid. No satisfactory explanation can be advanced 
of the curious phenomenon that the acid is precipitated from a 
solution of its sodium salt in a crystalline form by nitric acid (vide 
supra) and, under exactly similar conditions, in a gelatinous form 
by hydrochloric acid. A colloidal solution of the arsinie acid in 
dilute acetic acid gives a purple coloration with N/l 000-iodine. 

The sodium salt is precipitated in colourless plates when con- 
centrated sodium hydroxide solution is added to a solution of the 
arsinie acid in dilute alkali. The following salts are precipitable 
from an aqueous solution of the ammonium salt : magnesium salt, 
white,: gelatinous, insoluble in hot water; barium salt, white, 
gelatinous, soluble in hot water, crystallises on cooling in fine 
slender needles; calcium salt, white, gelatinous, less soluble in hot 
water; silver salt, pale yellow, curdy, insoluble in hot water; 
mercuric salt, white, curdy, insoluble in hot water. 

4:-m-Aminoaniliru)-6-methoxy-2-methylquinoline . — A mixture of 
4-chloro-6-methoxy-2-methylquinoline (10*4 g.) and m-phenylene- 
diamine (10 g.) was heated at 140°/20 mm. for 1| hours, the almost 
solid product dissolved in hot dilute hydrochloric acid (5%), and 
the filtered solution rendered alkaline with aqueous ammonia. 
The base obtained crystallised from aqueous alcohol (20% alcohol) 
in long, pale brown, rectangular, prismatic needles (10 g.), m. p. 
230—231° (Found : C, 73*4; H, 6*2; N, 14*7. C 17 H 17 ON 3 requires 
C,73*l; H, 6*1 ; N, 15*0%). 

4:-m-Amiizoanili?W‘6-methoxy-2-metJiylquinoline is readily soluble 
in ethyl alcohol, methyl alcohol, and acetic acid, but sparingly 
soluble in benzene and light petroleum. A dilute alcoholic or acetic 
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acid solution gives with N /l 000-iodine a faint red coloration, winch 
slowly deepens. The addition of hydrochloric acid to an alcoholic 
solution of the base gives a white gelatinous precipitate of the 
hydrochloride. 

The acetyl derivative crystallises from aqueous alcohol (10% 
alcohol) in stout, pale yellow, prismatic needles, m. p. 269° (Found : 
C, 71 0; H, 6-1; N, 12-7. C 10 E 19 O^ 3 requires C, 71*0; H, 6*0; 
N, 13T%). It is slightly soluble in ethyl alcohol and acetic acid, 
but practically insoluble in benzene and light petroleum. A dilute 
alcoholic solution gives a deep blue coloration with N/l 000-iodine 
and a dilute acetic acid solution gradually gives a brilliant purple 
coloration; these colours disappear on warming but reappear on 
cooling. The addition of water to a solution of the acetyl compound 
in concentrated hydrochloric acid produces a white gelatinous pre- 
cipitate of the hydrochloride. 

m-6' -M ethoxy -2' -methyl A 1 -quinolylaminophenylarsinic A cid . — This 
acid was obtained from 4-ra-aminoanilino-6-methoxy-2-methyl- 
quinoline by the Bart reaction under practically the same conditions 
which were used in the first method of preparation of its p-iso- 
meride (base, 5*6 g. ; hydrochloric acid, 15 c.c. of d 1*14; sodium 
nitrite, 1*6 g., in water, 7 c.c.), but a slightly higher temperature 
(0 — 5°) was permitted. The reaction of the alkaline filtrate was 
adjusted with hydrochloric acid to p K 5 and the arsinic acid , then 
quantitatively precipitated as a white gelatinous solid, was purified 
by several reprecipitations from solution in dilute aqueous sodium 
hydroxide at the above isoelectric point (p K 5), washed with water, 
and dried (yield, 1*5 g.). It darkened at 280° but was unmelted 
at 300° (Found : As, 19*5. C 17 H 17 0 4 N 2 As requires As, 19*3%). 

This arsinic acid resembles the £>-isomeride in solubility, but it 
is not precipitated in a crystalline form when nitric acid is added 
to an aqueous solution of its sodium salt ; also, the colloidal solution 
in dilute acetic acid does not give a coloration with N / 1000 -iodine. 

The sodium salt of the arsinic acid is readily precipitated as a 
crystalline mass when concentrated sodium hydroxide solution is 
added to its dilute alkali solution. The following salts are insoluble 
in cold water : magnesium salt, white, gelatinous, slightly soluble 
in hot water; calcium salt, pale yellow, gelatinous, less soluble in 
hot water; barium salt, white, gelatinous, soluble in hot water, 
gelatinous precipitate on cooling; silver salt and mercuric salt, 
pale yellow, curdy, insoluble in hot water. 

4:-Benzidino-6-methoxy-2-methylquinoline (III) . — A mixture of 
4-chloro-6-methoxy-2-methylquinoline (5*2 g.) and benzidine (7 g.) 
was heated at 160° during 15 minutes and the almost solid product 
was digested with excess of hot dilute hydrochloric acid (5%), 



1214 


SLATER : 


which readily converted it into an insoluble yellow hydrochloride. 
This was extracted several times with small quantities of boiling 
dilute hydrochloric acid and then warmed with sodium hydroxide 
solution. The base (7-2 g.) liberated crystallised from toluene in 
fine, pale yellow, microscopic, rectangular prisms, m. p. 245° 
(Found: C, 77*8; H, 6-1 ; N, 11*5. requires C, 77*7; 

H, 6*0; N, H*8%). 

4^BenzidinoS-methoxy-2-metJiylqui?ioline is soluble in acetic acid 
and boiling toluene, but sparingly soluble in ethyl and methyl 
alcohols, benzene and light petroleum. Its solution in warm dilute 
acetic acid sets to a gel on cooling. A dilute acetic acid solution of 
this base gives with A/1000-iodine a deep purple coloration; this 
disappears on warming but does not reappear on cooling. 

The Orcetyl derivative crystallises from aqueous alcohol in stellate 
clusters of fine, yellow, rectangular, prismatic needles, m. p. 159— 
160° (Found : N, 9*7. C^H^OgNg^HgO requires .NY 9*7%). It 
is readily soluble in ethyl and methyl alcohols and in acetic acid, 
but it is only slightly soluble in benzene and practically insoluble in 
light petroleum. A solution in warm dilute acetic acid sets to a 
gel on cooling. A dilute alcoholic or acetic acid solution gives with 
If /1000-iodine a brilliant purple coloration which disappears on 
warming and reappears on cooling. This coloration is also produced 
when a dilute potassium iodide solution is added to a mixture of the 
acetic acid solution of the acetyl compound and bromine water. 
The addition of hydrochloric acid to an alcoholic solution of the base 
precipitates a crystalline hydrochloride sparingly soluble in water. 

4:'-6 , '-Methozy-2 ,, -methylA , '-quinolylaminodiphenylylar$inic Acid 
(IV). — A well-stirred mixture of the preceding benzidino-compound 
(3*5 g.), hydrochloric acid (5*7 c.c. of d 1*19), and water (15 c.c.) 
was cooled to 5°, and a saturated solution of sodium nitrite (0*8 g.) 
added gradually below 8°. After 1 hour, the diazo-mixture was 
carefully neutralised at 5° with aqueous sodium hydroxide (5If), 
and sodium arsenite solution (a mixture of arsenious oxide, 2 g., in 
5if -sodium hydroxide solution, 4 c.c.; sodium carbonate, 4 g., in 
water* 12 c.c. ; and 10% copper sulphate solution, 0*4 c.c., to which 
was added sufficient aqueous ammonia to give the soluble complex 
salt) added. • After remaining at room temperature over-night, the 
mixture was warmed gently on the water-bath until evolution of 
nitrogen ceased. After the addition of If -sodium hydroxide 
(10 c.c.) the liquid was filtered, and the residue extracted thrice 
with warm- dilute sodium hydroxide solution. The reaction of the 
combined filtrates was adjusted with hydrochloric acid in the cold 
top K 7 ; the arsinic acid then completely precipitated was purified by 
several precipitations (at p K 7) from its solution in dilute alkali 
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with hydrochloric acid and obtained in pale yellow needles (radially 
arranged) which, when washed free from sodium chloride, were 
converted into a gelatinous solid (yield, 2*2 g.). The acid darkened 
at 290° but was unmelted at 300° (Found : As, 16-0. C^H^O^^As 
requires As, 16*15%). 

This arsirnc acid is practically insoluble in water and in the usual 
organic solvents, readily soluble in dilute sodi um and ammonium 
hydroxide solutions, but only slightly soluble in hydrochloric acid. 
A colloidal solution in dilute acetic acid gives with N /1 000 -io din e 
a dark red coloration which changes to purple on the addition of 
hydrochloric acid. The crystalline sodium salt is readily produced 
in the usual way. The magnesium, calcium, and bari um salts are 
white and gelatinous, the silver salt is pale yellow and gelatinous, 
and the mercuric salt pale yellow and curdy : all are ins oluble in 
water. 

p -methoxy- 2' -methyl -4'- quinolyldiaminodiphenylmethane 
(V).— pp'-Diaminodiphenylmethane (7*5 g.) was heated to 130°, 
and to the melt were added 4-chloro-6-methoxy-2-methylquinoline 
(5*2 g.) and a trace of finely divided copper-bronze. Af ter 3 hours 5 
heating, the mixture, which had almost completely solidified, was 
digested with hot dilute hydrochloric acid (5%) and the residual, 
sparingly soluble, pale yellow hydrochloride (4*5 g.) was treated with 
warm aqueous sodium hydroxide solution. The base thus liberated 
crystallised from hot alcohol in small, pale brown, rectangular, 
prismatic needles, m. p. 144° (decomp.) (Found ; C, 77*3; H, 6*0; 
F, 10*2. 0 35 H 32 0 2 F 4 requires C, 77*7; H, 6*0; F, 10*4%). It is 
soluble in ethyl alcohol and acetic acid, but only sparingly soluble 
in benzene and light petroleum. A dilute alcoholic or acetic acid 
solution gives with iV"/! 000-iodine a deep purple coloration, which 
disappears on warming but reappears on cooling. The addition 
of hydrochloric acid to an alcoholic solution of the base precipitates 
the hydrochloride in fine, yellow, rectangular, prismatic needles. 

The author desires to express his thanks to the Trustees of the 
Carnegie Trust for the Universities of Scotland and to the Court of 
the Grocers’ Company for a Fellowship and a Scholarship, respect- 
ively, which have enabled this work to be carried out. He is also 
indebted to Dr. W. O. Kermack for his interest in the investigation. 

Royal College or Physicians’ .Laboratory, 

Edinburgh. {Received, February 27 tk, 1930 .] 
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BOYCE, BANKINE, AND EOBEETSON : 


CLIII . — Some Derivatives of m-Xylene. 

By Ernest 6. Boyce, William P. Rankine, and Alexander 

Robertson. 

m -Xylorcinolcarboxylic Acid . — The procedure adopted by one of 
us (A, R.) and Robinson (J., 1927, 2196) for the preparation of 
j}-orse31inic acid has proved suitable for the preparation of m-xylor- 
cinolcarboxylic acid (compare Kostanecki, Ber., 1886, 19, 2323). 
A mixture of m-xylorcinol (Robertson and Robinson, loc. cit.) (5 g.), 
potassium carbonate (10 g.), and glycerol (10 g.) was heated (oil- 
bath at 130°) for 5 hours in an atmosphere of carbon dioxide. 
Addition of 15% hydrochloric acid to the cooled reaction mixture 
precipitated m-xylorcinolcarboxylic acid (4 g.), which crystallised 
from dilute alcohol in colourless prismatic needles, m. p. 199 — 200° 
(decomp.) (Kostanecki, loc . cit. , gives m. p. 196°) (Found : C, 59*5; 
H, 5*7. Calc, for C 9 H 10 O 4 : C, 59*4; H, 5-5%). The acid quickly 
decomposes in boiling water into m-xylorcinol and carbon dioxide. 
The ferric chloride reaction is green in alcohol and pure blue in 
water. This acid, unlike P-orcinolcarboxylic acid (Robertson and 
Stephenson, this vol., p. 313), is not esterified in boiling methyl or 
ethyl alcohol. If sodium bicarbonate is used in the preparation, 
the yield is halved. 

6-M ethoxy -mA-xylidine. — 4-Nitro-ra-6-xylenol (1 mol.) was 
methylated with methyl sulphate (2 mols.) and 20% aqueous sodium 
hydroxide (2*5 mols.) (compare Pfaff, Ber., 1883, 16, 1136). The 
alkali-insoluble ether crystallised from alcohol in pale yellow 
needles, m. p. 56 — 57°. Iron powder (80 g.) was added in portions 
of 10 g- at intervals of 3 minutes to a boiling solution of the nitro- 
ether (60 g.) in alcohol (300 c.c.) and concentrated hydrochloric acid 
(20 c.c.), and the mixture was refluxed for 5 hours, a test then show- 
ing that reduction was complete. The filtered solution was con- 
centrated to 100 c.c., cooled, saturated with hydrogen chloride, 
and kept in an ice-chest. After some hours, the hydrochloride was 
collected,, and a further quantity was isolated from the mother- 
liquor by concentration to 50 c.c. and renewed saturation with 
hydrogen chloride. The salt crystallised in glistening prisms; 
totalyieid, 50 g. Agitation of a suspension of the salt in excess 
of bicarbonate solution gave the amine, m. p. 83° after crystallis- 
ation from benzene-ligroin and then from dilute alcohol (colourless 
needles). The acetyl derivative crystallised from water in needles, 
m. p. 160° (Found : G, 68*6 ; H, 7*5. C U H 15 02N requires C, 68*7 ; 
H, 7*4%). 

6-Methoxy-mA-xyle?iol . — The foregoing hydrochloride (17 g.) was 
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dissolved in 10% sulphuric acid (200 c.c.) and crushed ice (200 g.) 
was added after sudden cooling and shaking to ensure the separation 
of small crystals. Sodium nitrite (6 g.), dissolved in water (50 c.c.), 
was then introduced, and the mixture stirred for 15 minutes. The 
filtered diazo-solution was gradually added to boiling 10% sulphuric 
acid (600 c.c.). On cooling, ft-methoxy-mA-xylenol separated in 
pale yellow crystals. Recrystallisation from ligroin gave the 
substance in colourless needles, m. p. 80° (Found : C, 70*9; H, 7*8. 
C 9 H 12 0 2 requires C, 71*0 ; H, 8*0%). It is readily soluble in alcohol, 
ether, and benzene. The phenol does not give a ferric chloride 
reaction. 

2-Hydroxy-§-meikoxy-% : 5 - dimethylbenzaldehyde . — Condensation of 
the monomethyl ether of xylorcinol and hydrogen cyanide in the 
presence of hydrogen chloride and zinc chloride after the method 
of Gattermann gave a compound which on solution in water reverted 
to the original ether. The aldehyde was subsequently obtained by 
partial methylation of w-xylorcylaldehyde (1 mol.) (Robertson and 
Robinson, loc. cit.) with methyl iodide (1*5 mols.) and excess of 
potassium carbonate in acetone under reflux on the steam -bath for 
2 hours. After removal of the potassium salts the acetone was 
distilled under diminished pressure, and the alkali-soluble residue 
crystallised from dilute methyl alcohol. The aldehyde formed 
slender colourless needles, m. p. 52° (Found: C, 66*4; H, 6*3. 
C 10 H 1 A requires C, 66*7 ; H, 6*3%). The substance gives a dark 
green ferric chloride reaction almost identical with that given by 
m-xylorcylaldehyde. It is insoluble in water and readily soluble 
in alcohol, acetone, or ethyl acetate. Condensation of the aldehyde 
with ca-methoxyacetoveratrone (Pratt and Robinson, J\, 1923, 123, 
745) with hydrogen chloride in dry ethyl acetate by the method 
of Robinson gave 3 : 5 : 3 7 : 4'-tetramethoxy-6 : 8-dimethylflavylium 
chloride in red-brown prisms; the ferrichloride crystallised from 
acetic acid in elongated red-brown prisms, m. p. 177 — 178° (Found : 
C, 45*6; H, 4*3. C 21 H 23 0 5 ,FeCl 4 requires C, 45*6; H, 4*2%). 

^-Xylorcinol does not condense with acetonitrile by the method 
of Hoesch. 

We are indebted to the Chemical Society for a grant which has 
in part defrayed the cost of this investigation. 

East London College, 

University of London. [Received, March 25th , 1930 ;] 



1218 BEADY AND WAT, TYRE : THE FORMATION OF PHENOXAZINES. 


CLIV . — The Formation of Phenoxazines. 

By Oscar L. Brady and Cecil Waller. 


Certain substituted 2-mtro-2'-hydroxydiphenylamines on treat- 
ment with alkali readily lose nitrous acid to give phenoxazines : 




The reaction has been investigated by Turpin (J., 1891, 59 , 720), 
Ullmann (Annalen, 1908, 366, 79), and TJllmann and San6 {Ber., 
1911, 44, 3730), but no satisfactory explanation has been suggested 
for the influence of other groups present in the molecule upon the 
reaction. 

It was found by these workers that the phenoxazines are formed 
when the following compounds are treated with alkali : 2 : 4 : 6-tri- 
nitro-, 2 : 6-dinitro-, 2 : 4-dinitro-6-carboxy-, 2 : 6-dinitro-4-carboxy-, 
2 : 6-dinitro-4-benzoyl-, 2 : 4-dmitro-6-sulpho-, 2 : 6-dinitro-4-sulpho- } 
2 ; 4-dinitro-6-methyl-, and 2 : 6-dinitro-4-chloro-2'-hydroxydi- 
phenylamines. No reaction occurred, however, with 2 : 4-dinitro- 
2 , -hydroxydiphenylamine. Thus in all cases where the phenoxazine 
was formed the 6-position was occupied, and Ullmann concluded 
that this was a necessary condition for the reaction to occur. In 
order to test this view more fully, a number of similar compounds 
have been investigated. In all the cases previously studied, with the 
exception of 2 : 4-dinitro-2'-hydroxy-6-methyldiphenylamine, a 
“ negative ” group occupied the 6-position. It did not seem likely 
that groups of such different character as N0 2 and CH 3 would 
activate the 2-nitro-group, but in order to test this point a group 
at the other end of the scale, namely, methoxyl, was tried and it was 
found that 2 ; 4k-dinitro-2' -hydroxy-Z : 6-dimethoxydiphenylamine 
readily gave the phenoxazine. 

The presence of a methyl group in another position in the nitrated 
ring had ho influence; 2 : 6-dinitro-5-methyl- and 2 : 6-dinitro- 4- 
7nethyl-2 f -hydroo^diphenyl^mi7ies readily gave phenoxazines, but 
2 ; 4-dinitroS-meihyl-2 f -hydroxydiphsnylainine did not dp so. A 
methyl group in the 6' -position was also without effect, 2 : 6 -diniiro- 
2 r -hydroxy -Z : 6' -dimethyldipk enylami ne giving the phenoxazine 
and 2 : 4-dinitro-2' -hydroxy-6’ -methyl- and 2 : 4-dinitro-2 r -hydroxy- 
5 : 6' -dimethyl-diphenylamines failing to do so. 

The lack of reactivity of, for example, 2 : 4-dinitro-2 / -hydroxy- 
diphenylamine might be due to chelation of the 2-nitro-group with 
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the imino-group (I) preventing its access to the hydroxyl group; 
the presence of another group in the 6 -position which could itself 



chelate (II) would negative this effect and most of the compounds 
investigated have such a group, but it is difficult to suppose that the 
methyl group would be effective in this respect. Attempts to 
prepare iV-methyl derivatives in order to eliminate the possibility of 
chelation as in (I) were, however, unsuccessful. 

The only explanation that can be suggested is a purely steric one : 
if the 6-position is free, for steric reasons the large nitro-group takes 
up a position remote from the hydroxyl group, thus bringing the 



(in.) (IV.) (V.) 


6-position near it (III). If there is a group in the 6-position, 
there is less reason for the compound to be oriented as (IV) than 
as (V). Experiments are in hand with the object of obtaining 
evidence of such orientation in compounds of this type. 

Experimental. 

2 : ft-Dinitro-S-methylr, 2 : 4:-Dinitro-5-methyl-, arid 2 : 6-Dmitro~ 
4:-7mthyl-2'-hydroxydiphenylamines. — 2 : 3 : 4-, 3:4:6-, or 3 : 4 : 5- 
Trinitrotoluene (4 g.), o-aminophenol (4 g. ; 2 equivs.), and benzene 
(240 c.c.) were boiled for 4 hours under reflux, nitrous fumes being 
evolved; the mixture was then cooled and filtered. In the case of 
2:3: 4-trinitrotoluene the filtrate was evaporated to dryness, and 
the residue crystallised four times from dilute alcohol ; 2 : G-dinitro- 
2' -hydroxy -S-methyMiphenylamme was then obtained in reddish- 
purple needles (3 g.), m. p. 148° (Found: N, 14*7. C u H' u 0 6 N 8 
requires N, 14*5%). 

In the second case the filtrate was evaporated to small b ulk and, 
while it was still hot, boiling light petroleum was added until 
precipitation commenced. On cooling, a brown solid separated 
which, crystallised from benzene and light petroleum, gave 2 : 4 -ii- 
nitro-2 f -hydroxy -5 -methyldiphenylamine as a deep purple-brown, 
micro-crystalline powder (2*7 g.), m. p. 203° (Found : N, 14*8%). 
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Crystallised from methyl alcohol or from somewhat diluted acetic 
acid, this compound separated as an orange-red solid of the same 
m. p. 

Tn the third case the tarry solid obtained on evaporation of the 
benzene was crystallised repeatedly from dilute aclohol ; 2 : S-di- 
nitro-2 r dhydroxy-4-methyldiphenylamine was then obtained in lustrous 
purple-brown needles, m. p. 152° (Found : NT, 14*4%). 

2-Chloro-6-nitro-2'-hydroxy-3-methyldiphenylamine. — A solution of 
3 : 4-dinitro-o-ehlorotoluene (2*3 g.) and o-aminophenol (5 g.) in 
alcohol (150 c.c.) was boiled under reflux for 20 hours, and cooled. 
Water and a little hydrochloric acid were then added and the 
precipitated tarry mass was extracted with boiling light petroleum ; 
the precipitate obtained from the cooled extract was crystallised 
from the same solvent, 2-chloro-6-nitro-2'-hydroxy-3-methyldiphenyl- 
amine being obtained in purple-red needles (1 g.), m. p. 106° (Found : 
1ST, 10*2. C^gHuOgNaCl requires N, 10-0%). 

2 : 4-Dinitro-2 r -hydroxy -3 : 6-dimethoxydiphenylamine. — This was 
prepared from trimtroquinol dimethyl ether (2*6 g.) and o-amino- 
phenol (2*1 g.) in benzene (100 c.c.) as before. The reaction mixture 
was cooled, the liquid filtered and heated to boiling, and boiling light 
petroleum (200 c.c.) added. The precipitate produced on cooling 
was crystallised from benzene and light petroleum, 2 : 4 -dinitro- 
2 r -hydroxy -Z : S-dimethoxydiphenylamine being obtained in brown 
prisms (1*5 g.), m. p. 186° (Found : hi, 12*6. G 14 H 13 0 7 N 3 requires 
N, 12-5%). 

2 : 4-Dinitro-2 ' -hydroxy- 5 : & -dimethyl-, 2 : 6-Dinitro-2' -hydroxy - 
4 : S' -dimethyl-, and 2:4: S-Trinitro-2' -hydroxy -S' -methyldiphenyl- 
amines. — 3 : 4 : 6- and 3:4: 5-Trinitrotoluenes and picryl chloride 
were each heated with 2 equivalents of 2-amino-m-cresol in benzene 
under reflux for 4 hours, and the solutions cooled and filtered. In 
the first and second cases the filtrates were evaporated to dryness, 
and the residues crystallised repeatedly from dilute alcohol ; there 
were then obtained 2 : 4-dinitro-2' -hydroxy-5 : S' -dimethyldiphenyl- 
amine as brick-red prisms, m. p. 173° (Found : 1ST, 14*1. 
0 14 Hi 8 0 5 N 3 requires 1ST, 13*9%), and 2 : S-dinitro-2' -hydroxy - 
4 : S’-dirmthyldiphenylamine as purple plates, m. p. 198° (decomp.) 
(Found : N, 14*0%). In the third case light petroleum was added 
to the filtered solution, and the precipitate crystallised from benzene 
and light petroleum ; 2:4: S-trinitro-2' -hydroxy -S’ -methyldiphenyl- 
amine was then obtained as a bright crimson, microcrystalline 
powder, m. p. 176° (Found: N, 16*7. C 13 H 10 O 7 N, requires N, 
16*8%). 

Formation of Phenoxazines.— 1 The general method adopted was to 
dissolve the diphenylamine compound (1 g.) in 1% aqueous sodium 
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hydroxide (25 c.c.) and heat the solution on the water-bath for a 
time varying from a few minutes to 2 hours according to the nature 
of the compound undergoing reaction. The phenoxazine, if formed, 
was precipitated and the time necessary for reaction was indicated 
by the amount of precipitate. Nitrite, or in one case chloride, was 
detected in the solution after reaction. The yields were excellent. 

2 : 6-Dinitro-2'-hydroxy-3-methyldiphenylamine gave \-nitroA- 
methylphenoxazine, which separated from somewhat diluted acetic 
acid as a dark violet powder, m. p. 169° (Found : N, 11*9. 
C 13 H 10 O 3 N 2 requires N, 11*6%). The same compound was obtained 
from 2- chloro - 6 - nitro-2' - hydroxy - 3 - methyldiphenylamine, this 
result showing which of the two nitro-groups in 2 : 6-dinitro- 
2 / -hydroxy-3-methyldiphenylamine is the reactive one : 





2 : 6-Dinitro-2'-hydroxy-4-methyldiphenylamine gave 1 -nitro- 
3-methylphenoxazine, almost black needles, m. p. 165°, from light 
petroleum (Found: N, 11*8%). 2 : 4-Dinitro-2'-hydroxy-3 : 6-di- 
methoxydiphenylamine gave 3-nitro-l : 4- dimethoxy phenoxazine, 
crimson needles, m. p. 173°, from benzene and light petroleum 
(Found: N, 9*5. requires N, 9*7%). 2 : 4 : 6-Tri- 

nitro-2^hydroxy-6' -methyldiphenylamine gave 1 : Z-dinitro-9-methyl- 
phenoxazine , deep purple prisms, m. p. 224°, from benzene (Found : 
N, 14*7. C 13 H 9 0 5 N 3 requires N, 14*6%). 2 : 6-Dinitro-2'~hydroxy- 
4 : 6' -dimethyldiphenylamine gave l-nitro-3 : 9-dimethylphenoxazine, 
a violet powder, m. p. 162°, from benzene (Found: N, 11*6. 
C 14 H 12 03N 2 requires N, 11*4%). 2 : 4-Dinitro-2'-hydroxy-5- 

methyl-, 2 : 4-dinitro-2 / -hydroxy-6 / -methyl-, and 2 : 4-dinitro- 
2'-hydroxy-5 : 6'- dimethyl- diphenylamines were not converted into 
phenoxazines under the above conditions, no precipitate formed, 
and no nitrite was produced. 

S-Bromo-4 : : . 6-dinitrotoluene . — A hot alcoholic solution of 4 : 6-di- 
nitro-w-tolylhydrazine (5 g.) (Brady and Bowman, J., 1921, 119 , 
894) was treated with successive small quantities of cupric bromide 
(30 g.), the mixture was cooled, and the liquid filtered. The filtrate 
was heated with a little concentrated hydrochloric acid and hydrogen 
peroxide to oxidise any cuprous bromide and poured into water. The 
precipitate obtained, after crystallising from alcohbl, gave 3-brofao- 
4 : 6-dinitrotoluene in pale yellow needles, m. p. 101° (Found : 
N, 10*5. C 7 H 5 0 4 N 2 Br requires N, 10*7%). 
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2 : This was pre- 

pared by heating IV'-methyl-o-anisidine (3 g.) and 2 : 4-dinitrochloro- 
benzene (5 g.) together with a little anhydrous zinc chloride for 6 
hours in an oil-bath at 130 — 140°. The product was distilled in 
steam to remove unchanged dinitrochlorobenzene, the solid residue 
extracted with boiling dilute hydrochloric acid, and the insoluble 
matter crystallised from alcohol ; 2 : 4:-dinitro-2'-methoxy-~N- 

metkyldiphenylamine was then obtained in yellow needles, m. p f 
169° (Found: 1ST, 14*3. C 14 H 13 0 5 N 3 requires N, 13*9%), The 
methoxyl group could not be demethylated by treatment with an 
aqueous or glacial acetic acid solution of hydrogen bromide. 

if-Methyl-o-aminophenol decomposes when heated above 80°. 
No reaction occurred when it was boiled for many hours in benzene 
with 2 : 4-dinitrochlorobenzene or 3-bromo-4 : 6-dinitrotoluene. 

The Raxph Fobsteb Labobatobies op Obganic Chemistry, 

Uiuyebsity CoiiLEGE, London. [Received, March 25th , 1930.] 


OLV .— The Preparation of Diphenyl Ethers . 

By (Miss) Rosalind Venetia Henley. 

It has been shown by Groves, Turner, and Sharp (J., 1929, 512) that 
the use of copper-bronze in the preparation of 2-nitrodiphenyl ethers 
is unnecessary, since it does not increase the yield, and hampers 
manipulation. The following experiments have been done in order 
to try to determine the most favourable conditions for the prepar- 
ation of such ethers, and if possible to eliminate the necessity of 
extensive purification, owing to the presence of much unchanged 
material. The effects of different proportions of halogenonitro- 
eompound, phenol, and potassium hydroxide were studied, also the 
variation of time and temperature, and the use of copper, and the 
elimination of water, in the operations. 

The method used in the condensations was as follows : the water 
was added to the potassium hydroxide, which was then fused. The 
phenol was added to the potassium hydroxide, and the two were 
heated until all the solid had dissolved. The halogenonitro-com- 
pound was then added, and the mixture was heated in a metal-bath, 
in a flask fitted with a short air-condenser. The mixture was then 
diluted with water, al k al i was added, and the oil was extracted with 
carbon tetrachloride, washed with water, dried over sodium sulphate, 
and distilled in a vacuum, the purity of the product being determined 
by its constant boiling point. 
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Series A. — Variation of the proportion of phenol and potassium 
hydroxide . 

I. n. III. IV. 


o-Chloronitrobenzene ... 1 mol. 1 mol. 1 mol. 1 mol. 

Phenol 1 mol. 1*5 mols. 1*75 mols. 3 mols. 

Potassium hydroxide ... 1 mol. 1*25 mols. 1*33 mols. 2 mols. 

Water.... * 0*1 mol. 0*1 mol. 0*1 mol. 0*1 mol. 

Yield, % 68 70 72*4 60’5 


The condensation was effected at 160 — 180°, for 2 hours. 

The most favourable conditions are those given in experiment III. 

Series B. — -Variation of the time of condensation. 

Experiment, I. The conditions used in experiment HE of series A 
were repeated, the time of the experiment being varied. When 
the mixture was heated for \ hour only, the reaction was incomplete, 
since the yield of 2-nitrodiphenyl ether was only 57%. 

Experiment II. When the condensation was prolonged for 
4 hours, the yield was 73%, showing that no improvement had been 
obtained. 

Series C . — Variation of the temperature of condensation . 

Experiment I. The conditions used in Experiment III, series A 
were repeated in the following experiments : When the mixture was 
heated at 200 — 210° for I hour, a yield of 95*5% of ether was 
obtained. 

Experiment II, The same experiment was repeated, the con- 
densation being allowed to occur for only £ hour ; an 84% yield was 
obtained, showing that the reaction was less complete. 

Experiment III. A further experiment was done by heating the 
mixture at 24Q Q for 1 hour, but the yield was only 90%, showing that 
no improvement had occurred. 

The condensation was effected under the conditions of experiment 
HI, series A, but with omission of the water (0*1 mol.) ; the yield 
was only 63%. 

When experiment III, series A, was repeated in the presence of 
copper-bronze, the yield obtained was 72%, showing that no benefit 
is derived from its use, even when the more favourable proportions 
of phenol and potassium hy droxide are taken. 

Series D (a).— In order to determine whether the conditions 
described in the previous experiments were generally applicable to 
diphenyl ethers, a series of experiments was performed with different 
phenols, o-chloronitrobenzene being the halogenonitro-compound. 
A control set of experiments was performed ; equimolecular pro- 
portions of halogenonitro-compound, phenol, and potassium 
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hydroxide were used, the condensation being effected at 200 — 210° 
for 1 hour. The amount of water used was 0-1 moL 

Phenol ... o-Chlorophenol p-Chlorophenol o-Cresol m-Cresol p-Cresol 
Yield of . 

ether, % 80 66 72 70 73 

Series D (b). — The series was repeated under the conditions of 
experiment I, series C. 

Phenol ... o-Chlorophenol p-Chlorophenol o-Cresol m-Cresol p-Cresol 
Yield of 

ether, % 91 86 85 87 87 

Comparison of the two series shows that the yields are increased 
between 10—20% by using the increased proportions of phenol and 
potassium hydroxide. 

The fifth experiment in series D (b) was repeated, 95 g. of o-chloro- 
nitrobenzene, 114 g. of ^-cresol, and 45 g. of potassium hydroxide 
being used. At the end of the reaction, the condensation mixture 
was shaken with very dilute alkali solution until cold; a crystalline 
meal then separated. After being dried in the air, this weighed 
129 g. (94% yield). As a result of the improved conditions worked 
out, it is possible to prepare ethers similar to the above, without 
extraction with a solvent, and subsequent vacuum distillation. 

Series E . — The comparison of yields obtained by using different 
halogenonitro-compounds was also made. 

Experiment I. 2 : 5-Dichloronitrobenzene was condensed with 
phenol, under the conditions described in the series of experiments 
D (a), and the yield of ether obtained was 74%. When the experi- 
ment was repeated under the conditions of experiments B (b), the 
yield was increased to 85%. 

Experiment II. According to Fox and Turner (this vol., p. 1115), 
when 2 : 5-dibromonitrobenzene is condensed with phenol at 160 — 
180° for 6 hours, 1 mol. of halogenonitro-compound, 1 mol. of 
phenol, 1 mol. of potassium hydroxide, and 0*1 mol. of water being 
used, the yield of 4-bromo-2-nitrodiphenyl ether is 48% of the 
theoretical. When the condensation was effected under the con- 
ditions of experiments D (b), the yield was increased to 85 % . 

It appears, therefore, that the best conditions for the preparation 
of substituted diphenyl ethers consist in having increased pro- 
portions of phenol and potassium hydroxide, and in working at a 
temperature not below 200°. 

My thanks are due to Dr. E. E. Turner for much helpful advice 
during this work. 

. ^Bedford Coijlege, 

- ETniyeesity of London. [Received, March 31^,1930.3 
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OLVL — The Preparation of Compounds analogous in 
Structure to Sulphinic Acids but containing 
p-Totuenesulphonimido-groups in Place of Oxygen 
Atoms. Phenyl - and MethyUp-tolumesulpkonimido - 
sulphine-ip-toluenesulphonyliminesi 

By Sydney George Clarke, Joseph KenyoU; and Hite 

Phillips. 

The Resolution of ^-m-carboxyplienylmethylsulpBme-p-toIuen^- 
sulphonylimine (I) (Clarke, Kenyon, and Phillips, J., 1927, 18$), 
corresponding to the dZ-sulphoxide (II) resolved fey Harrison, 
Kenyon, and Phillips (J., 1926, 2079), provided experimental 
evidence that the jp^oluenesulphonimido-group could become linked 

co 2 h 

0-s-ch 3 < IL > 

^ o 



with sulphur in the same manner as the oxygen atom of a sulphoxide. 
It has now been found that compounds can be prepared analogous, 
in structure to sulp hini c acids but containing two p-toluenesulphon- 
imido-groups in place of the two oxygen atoms of the sulphinic aeid 
group. Two examples of this new class of compound have been 


U-fOK 

O 


N-S0 2 -C 7 H 7 


(III; R = C 2 H 5 and C 6 fiy 


prepared in which R = C 2 S 5 and C 6 Bt 5 respectively. They can be 
obtained readily by the action of chloramine-T oh solutions of 
sodium phenyl and ethyl mercaptides. The formation of these 
compounds, under the experimental Conditions employed, provides 
evidence that in aqueous solution chloramine-T not ohly undergoes 
hydrolysis as in equation (a) but also dissociates to give a neutral 
p-tOlUei^sUlphotdmido-radical as indicated in equation (b). 


(a) C 7 H 7 -S0 2 -NClNa + H 2 0 = C 7 H 7 -S0 2 -NH 2 + NaOCl 

(b) -C 7 H 7 -S0 2 *KCMa = C 7 H 7 *S0 2 -N + NaCi 


Prom a consideration of these equations it would be anticipated 
that, by the Use of a suitable anhydrous solvent in which Sodithh 
chloride is insoluble, the production of the ^olhenesuIphohihndO- 
radtcal im OuM be favoured ahd th& hydrofysis Of dJOfathihe^ 
suppressed. This deduction receives support from the' fddi that 
TT 
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a greater yield of the phenyl compound is obtained from solutions 
of phenyl mercaptan in acetic acid, or in pyridine than from solutions 
of the mercaptan (as sodium salt) in water. Even when a large 
excess of chloramine -T is employed in these reactions, the same two 
compounds are obtained,. indicating that the sulphur atoms of the 
mereaptans show little or no tendency to combine with three 
^-toluenesulphonimido -groups to produce compounds analogous 
to sulphonic acids. The chemical properties of phenyl- and ethyl- 
■p-toluenesulphonimidosulphine-'p-toluenesulphonylimines are also in 
agreement with the view that the large p-toluenesulphonimido-groups 
exert a protective influence on the central sulphur atoms and cause 
them to be far less reactive than the corresponding sulphur atoms of 
sulp hinic acids. For example, sulphinic acids react readily with 
bromine to yield sulphonyl bromides and condense with formalde- 
hyde, berrzoquinone (Hinsberg, Ber., 1884, 2 ft, 3359) and azobenzene 
(Hantzsch and Glogauer, Ber. } 1897, 30, 2565), but, under the same 
experimental conditions, ethyl- and phenyl-^-toluenesulphonimido- 
sulphine-ff-toluenesulphony3imines do not react with these reagents. 
A similar difference in behaviour exists between sulphilimines and 
sulphoxides 1 ; m-carboxyphenylmethylsulphine-^>-toluenesulphonyl- 
imine (I) cannot be converted into a derivative of sexavalent 
sulphur, whereas the corresponding sulphoxide (II) readily forms a 
sulphone. When heated with concentrated hydrochloric acid, the 
new sulphonylimines slowly decompose, producing the corresponding 
disulphides, sulphonic acids, and - toluenesulphonamide . The 
quantities of p-toluenesulphonamide obtained are in harmony with 
the view that two p-toluenesulphonimido -groups are present in each 
molecule. 

It was not found possible to replace the imido hydrogen atoms in 
these compounds by methyl groups by the agency of either methyl 
sulphate or methyl iodide under various experimental conditions. 
During such attempted methylations, the compounds decomposed, 
p-toluenesulphon-monomethyl- and -d i methyl-amides being the chief 
products. From the decomposition products of the methylation 
of ethyl-j3-toluenesulphonimidosulplmie-p-toluenesulphonyliinine, 
eihyl-p-toluemmlphonylsulpMiia-mide (IV) was isolated. 

(IV.) c^£ 5 -.|*nh-so 2 -c 7 h 7 r VsV nh-s °2* c 6 h 4 < co 2 h , v , 

0 9 N-S0 2 *C 6 H 4 -C0 2 H 

The sulphonylimines undergo, oxidation much less readily than do 
the corresponding sulphinic acids. They are unaffected by per- 
hydrol, hut, , in alkaline solution, they are converted by potassium 
permanganate [ into tribasic acids (V). These [new acids yield 
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p-sulphonamidobenzoic acid on hydrolysis with concentrated acids, 
but the experimental evidence that they contain oxygen atoms 
linked to the central sulphur atoms is not conclusive. 

Ethyl- and phenyl-p-toluenesidphonimidosulphine-p-toluenesul- 
phonylimines were also isolated from the products of the interaction 
of ethyl- and phenyl-thiolacetates with chloramine -T. The failure 
to obtain the sulphilimines of these salts by this means can be 
attributed either to the instability of these sulphilimines in the 
presence of water, or, alternatively, to the preferential formation 
+ 

R '-|So 2 .'rTr H R ' SH + och-co 2 h + mi 2 -so 2 -c 7 h 7 


of the corresponding sulphoxides, which decompose in a similar 
manner (Pummerer, Ber. } 1909, 42, 2282 ; 1910, 43, 1404) : 


R*S«CH 2 'CO a H 

0 



R*SH + 0CH-C0 2 H 


The ethyl- and phenyl-p-tohienesulphommidosulphine-p-toluene- 
sulphonylimines isolated from these reactions doubtless arise from 
the interaction of the chloramine-T with the mereaptans produced 
during the decomposition of either the sulphilimine or the sulphoxide 
or both these compounds, as indicated in the above equations. 

Experimental. 

Fthyl--p4oluenesulphonimidosulphi7ie--p4olmnesulphonylimine (III ; 
R = Et). — (a) From ethyl mercaptan . Chloramine-T (58 g., 2 mols.) 
in warm water (150 c.c.) was added to a solution of ethyl mercaptan 
(6-2 g.) in sodium hydroxide (3 N s 33 c.c.), and after an hour the 
solution was acidified with dilute sulphuric acid. The ethyl - 
'p-toluenesulphonimidosulphine-p4oluenesulpJionylimine (20 g.) pio- 
duced was extracted from the precipitate obtained by means of 
dilute sodium carbonate solution, in which the p-toluenesulphon- 
amide (12*8 g.) simultaneously precipitated was insoluble. By 
acidification of the sodium carbonate extract, the new compound 
was precipitated. After crystallisation from ethyl alcohol, it had 
m. p. 189° (decomp.), either alone or when mixed with the ethyl- 
p-toluenesulphonimidosulphine-p-toluenesulphonylimine prepared 
from ethylthiolacetic acid as described below. 

(b) From ethylthiolacetic add . A warm solution of chloramine-T 
(240 g.) in water (1000 c.c.) was added to an alkaline solution of 
ethylthiolacetic acid (48 g.) in sodium hydroxide (3 N, 200 c.c,); 
After 3 days, the solid which had separated was removed by filtra- 
tion,. and, on acidification of the alkaline filtrate, ethyl-p- toluene- 
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sulphoiumidosulpliiiie-j5-toluenesiilplionyliinine was ' precipitated. 
It was purified as described above and then weighed 20*4 g. and had 
m. p. 189° (decomp.) [Found : C, 47*8; H, 5*0; N, 7*0 ; S, 23*7. 
C 16 H 20 O 4 N 2 S 3 requires C, 48*0 ; H 5 5*0 ; N, 7*0 ; S, 24*0%. 0*4000 G. 
required 0*0400 g. of sodium hydroxide for neutralisation to phenol- 
phthalein : equiv., 400. (C 16 H 19 0 4 N 2 S 3 )H requires equiv., 400. 

Found for the silver salt, after drying at 120 — 130° ; Ag, 21*6. 
Qi 6 H i 9 ° 4 N 2 S a^ requires Ag, 21*3%]. 

The solid which was removed by filtration was triturated with 
chloroform (150 c.c.); ^-toluenesulphonamide (83 g., m. p. 138°) 
remained undissolved. From the chloroform extract a neutral 
substance (3*1 g.) was isolated which, after crystallisation from ethyl 
alcohol, had m. p. 128° (decomp.). This neutral compound decom- 
posed at its m. p., yielding an .inflammable vapour, and left a 
residue (97% of the original) which, after crystallisation from ether 
and light petroleum, had m. p. 108 — 112°. On hydrolysis with hot 
concentrated hydrochloric acid, the neutral compound gave 15% 
of its weight of p-toluenesulphonamide (Found : C, 34*4; H, 3*7; 
hT, 4*1; S, 18*2; Cl, 20*9%, corresponding fairly closely with the 
empirical composition C 10 H 12 O 4 NCl 2 S 2 ). 

The Chemical Properties and Reactions of Eihyl-p-toliienesulplion- 
imidosulphine-p4oluenesulplionylimine. — Hydrolysis . Dilute sul- 
phuric acid was without action on the compound, but the dear 
solution obtained by heating it (1*0 g.) with 50% sulphuric acid 
deposited ^-toluenesulphonamide (0*82 g.) on cooling [Theoretical 
quantity for C 2 H 6 S(C 7 H 7 0 2 Shr) 2J 0*86 g.]. A similar result was 
obtained by the use of concentrated hydrochloric acid. 

Oxidation. Formation of ® To 

ethyl-p-toluenesulphonimidosulphine-'p-toluenesulphonylimine ($ g.) 
dissolved in dilute aqueous sodium hydroxide, small quantities 
of a saturated solution of potassium permanganate (in all, 13*6 g.) 
were added during 3 hours. After the passage of sulphur dioxide 
to ’dissolve the manganese dioxide, the resulting solution was 
acidified with dilute sulphuric acid; the new compound (8*2 g., 
m. p. 260— 262°) was then precipitated. After three recrystallis- 
ations from alcohol, it had m. p. 275 — 276° (decomp.), which was 
unchanged by repreeipitation of the compound from its solution in 
sodium hydroxide solution and further recrystallisation from 
alcohol [Found ; S, 20*6%. 0*5000 G. neutralised 0*1204 g. of 
sodium hydroxide : equiv., 166. (C 16 H 1 30 9 N 2 S 3 )H 3 requires S, 

20*2%; equiv., 159. (C 16 H 13 0 8 N 2 S 3 )H 3 requires S, 20-8% ; 
equiv., 154], This acid (1*0 g.) was heated under reflux with con- 
eeutrated hydrochloric add (25 c.c.) for 1*5 hours. - ^-Sulphon- 
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amidobenzoic acid (0*68 g.), m. p. 284 — 285°, either alone or when 
mixed with an authentic specimen of that compound, was filtered 
from the cold reaction mixture (Found: S, 16*1. Calc, for 
C 7 H 7 0 4 NS: S, 15*9%). 

Action of methylating agents. Formation of ethyl-j)-toluene- 
sulphonylsulphinamide, Et*S0*NH*S0 2 *C 7 H 7 . The sulphonylimine 
(8 g.), dissolved in iV-sodium hydroxide (40 c.c.), was treated with 
methyl sulphate and sufficient sodium hydroxide to maintain the 
solution alkaline, until the oily precipitate which separated from the 
hot reaction mixture ceased to increase in amount. On cooling, 
this oily precipitate solidified ; after crystallisation from alcohol, it 
was obtained (1*8 g.) with m. p. 78 — 79°, either alone or when mixed 
with p -toluenesulphoiidimethylamide prepared by the action of 
methyl sulphate on an alkaline solution of p-toluenesulphonamide 
(Found : S, 16*1. C 9 H 13 0 2 NS requires S, 16-1%). The filtrate 
from this p-toluenesulphondimethylamide was concentrated, and, 
after several days, it deposited a crystalline sodium salt. On 
acidification of an aqueous solution of this salt, ethyl-p-toluenesul- 
phonylsulphinamide (3*5 g.) was precipitated, and this, after crystal- 
lisation from alcohol, had m. p. 120° (Found: S, 25-6; N, 5*6. 
C 9 H 13 0 3 lSrS 2 requires S, 25*9 ; 1ST, 5*6%). 

By treatment of ethyl-p-toluenesulphonimidosulphine-p-toluene- 
sulphonylimine in boiling toluene containing anhydrous potassium 
carbonate with methyl sulphate, only a mixture of p-toluenesulplion- 
monomethyl- and -dimethyl-amides was obtained. Similarly, the 
silver salt of the sulphonylimine, when heated under reflux with 
methyl iodide, gave p-toluenesulphondimethylamide. Bach of 
these methylaiion reactions yielded small quantities of other 
products which were not identified. 

Phenyl - p - toluenesulphonimidosulphine - p - toluenesulphonylimine 
(III ; B, == Ph). — (a ) From thiophenol. (i) In water, To thiophenol 
(5*5 g., 1 mol.), dissolved in dilute aqueous sodium hydroxide, a 
warm aqueous solution of chloramine-T (28*3 g., 2 mols.) in water 
(100 c.c.) was added. The granular precipitate which was thrown 
down consisted mainly of p-toluenesulphonamide, but gave some 
diphenyl disulphide (5 g.), m. p. 61 — 62°, when extracted with 
benzene. The warm filtrate, on cooling, deposited the crystalline 
sodium salt of phenyl-p-toluenesulphonimidosulphine-p-toluene- 
sulphonylimine, m. p. 226° (Found: Na, 4*8. C 20 H 19 O 4 N 2 S 3 3Sra 
requires Fla, 4*9%). A warm aqueous solution of this salt gave, 
on acidification, phenyl-p-toluenesulphonimidosulphine-p-toluenesul- 
phonylimine which, after crystallisation from alcohol, had m. p. 
152— 153° [Found : 0,52*9; H, 4*6; N, 6*5; S, 21*3. C 20 H 20 O 4 H 2 S 3 
requires C, 53-1 ; H, 4*5; 1ST, 6*3 ; 8, 21*4%. 0*2000 G. neutralised 
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0-017G g. of sodium hydroxide : equiv., 455. (C 20 H 19 O 4 N 2 S 3 )H 
requires equiv., 448]. The silver salt was a white curdy precipitate 
obtained by vigorously stirring a solution of the sodium salt to which 
silver nitrate had been added [Found (after drying at 110°) : Ag, 
19*9. C 20 H 19 O 4 N 2 S 3 Ag requires Ag, 19-5%]. 

(ii) In acetic add. Chloramine-T (280 g.) was shaken with a hot 
solution of thiophenol (55 g.) in glacial acetic acid (300 c.c.). After 
being heated on a steam-bath for 15 minutes, the mixture was 
poured into water. The solid material which separated was 
extracted with benzene to remove diphenyl disulphide, and then 
digested with hot dilute sulphuric acid. A heavy viscous oil 
remained which crystallised on cooling and, after recrystallisation, 
gave phenyl-p-tohienesulphommidosulphine-^-toluenesulphonyl- 
imine (40 g.), m. p. 152 — 153°. A further quantity of this compound 
(20 g.) was obtained by acidification of the filtrate from the solid 
material which separated when the reaction mixture was poured 
into water. 

(iii) In pyridine. The reaction was carried out as described in (ii). 
When the reaction mixture was poured into water, only diphenyl 
disulphide separated. The sulphonylimine was precipitated by the 
addition of acid to the aqueous pyridine. Thiophenol (5 g.) gave 
3 g. of the sulphonylimine. 

(b) From phenylthiolacetic add. Chloramine-T (85 g.) was shaken 
with a solution of the sodium salt of phenylthiolacetic acid (23-5 g.) 
in hot water. After being heated for 30 minutes on the steam-bath, 
the mixture was cooled and the water together with some crystalline 
material was decanted from the compact solid mass which had 
formed on the bottom of the flask. Diphenyl disulphide (12 g.), 
m. p. 60 — 61°, was extracted from this mass with benzene. The 
residual solid was recrystallised from alcohol and proved to be the 
sodium salt of phenyl-p-toluenesulphonimidosulphine-p-toluene- 
sulphonylimine (4 g.), m. p. 227 — 228°, either alone or when mixed 
with the sodium salt prepared directly from sodium thiophenoxide. 
The crystalline material, mentioned above, was dissolved in hot 
water and reprecipitated as an oil by the addition of acid. This oil 
solidified on cooling and proved to be the sulphonylimine, m. p, 
153°, either alone or when mixed with the sulphonylimine prepared 
from sodium thiophenoxide. 

The Chemical Properties and Bead ions of Phenyl-^-toluenesulphon- 
i midosulph im-p4ol uen esulphonyl i mi ne. — Hydrolysis. When heated 
on a steam-bath for 30 minutes with concentrated hydrochloric acid 
(100 c.c.), the sulphonylimine (3 g.) gradually lost its crystalline 
character and gave place to an oil. The hot acid, decanted from the 
oilj deposited p-toluenesulphonamide (1*4 g.) on cooling : on con- 
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centration, the filtrate from this sulphonamide deposited a further 
quantity (0-3 g.) of this substance. The filtrate from this second 
crop of sulphonamide was taken to dryness in a vacuum; the 
residue (benzenesulphonic acid) gave benzenesulphonamide, after 
successive treatment with phosphorus pentachloride and ammonium 
carbonate. 

The oil, obtained as described above, solidified on cooling. After 
being freed from p-toluenesulphonamide by extraction with sodium 
hydroxide solution and recrystallised from light petroleum, it gave 
diphenyl disulphide (0*7 g.), m. p. and mixed m. p. 60 — 61°. 

Oxidation . The preparation of * 

Perhydrol was without action on hot aqueous solutions of either 
phenyl-p-toluenesulphonimidosulphine-p-toluenesulphonylimme or 
its sodium salt. .The latter compound was, however, successfully 
oxidised with potassium permanganate. To a solution of the 
sodium salt (4*4 g.) in water (50 c.c.), heated on a steam-bath, a 
saturated aqueous solution of potassium permanganate was added 
during 3 hours. In all, 6*6 g. of permanganate (about 3 mols. 
oxygen) were added : a further small addition was not decolorised. 
After passage of sulphur dioxide to dissolve the manganese mud, 
hydrochloric acid was added; a colourless crystalline solid then 
separated. After three recrystallisations from alcohol, it (1*2 g.) 
was obtained with m. p. 201° (decomp.) (Found : N, 5*4; S, 17*9. 
C 2 oH 16 0 9 ]Sr 2 S3 requires N, 5*3; S, 18*3%. C 20 H 16 O 8 ]Sr 2 S 3 requires 
N,5*5; S, 19*0%) 

When a suspension of this compound (1*0 g.) in concentrated 
hydrochloric acid was heated under reflux for 1 hour, a silky 
crystalline compound was produced, m. p. 284 — 285°, either alone 
or when mixed with ^-sulphonamidobenzoic acid. 

Action of methylating agents. To a solution of the sulphony limine 
(9 g.) in dilute aqueous sodium hydroxide heated to 90 — 95°, methyl 
sulphate (21 g., 9 mols.) was added gradually with vigorous shaking. 
During the addition an oil separated which solidified on cooling; 
after recrystallisation from alcohol, it had m. p. 79— 80°, either alone 
or when mixed with p-toluenesulphondimethylamide. The aqueous 
filtrate from this sulphonamide gave, bn evaporation, a small 
quantity of a basic oil which was not identified. 

The finely divided sulphonylimine (4*5 g.) and potassium carbon- 
ate (4*0 g.) were heated under reflux in toluene containing methyl 
sulphate (2 g.) for 7 hours. The toluene was removed arid the 
portion of the residue insoluble in water was proved to consist of a 
mixture of p-tohienesulphon-monomethyl- and -dimethyl-amides, 
together with some diphenyl disulphide and unchanged sulphonyl- 
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imine. The only product which could be isolated from the products 
of the interaction of the silver salt of the sulphonylimine. with 
methyl iodide was diphenyl disrulphide. 

The authors wish to thank the Government Grant Committee of 
the Royal Society and also Imperial Chemical Industries, Ltd., for 
grants which have defrayed much of the cost of this investigation, 
Battersea Polytechnic, S.W.ll. {Received, April 3rd, 1930.] , 

CTuVII-Nor^dl-ephedrine and N or-dl-^~ ephedrine* 

By Donald Holboyde Hey. 

As previous attempts (this vol., p. 18) to obtain nor-dibephedrine 
and nor ^-V'-ephedrine (IV) from isomtrosopropiophenone (I) by 
direct reduction had proved unsatisfactory, attention was directed 
to the oxime of phenylacetylcarbinol (HI) : this on reduction with 
sodium amalgam in dilute acetic acid solution readily gave a viscous 
63, which on treatment with hydrochloric acid gave nor-^-ephedrine 
hydrochloride together with a small quantity of nor-d£-^-ephedrine 
hydrochloride. By introducing suitable modifications of the 
methods of obtaining phenylacetylcarbinol described in the liter- 
ature the yield of this compound has been more than doubled, which 
therefore greatly improves the efficiency of this method of synthesis. 
A similar method, depending on the reduction of the oximes of 
ketonic alcohols of the type OH'CHPh*COR, has been recorded by 
Tiffeneau and Levy (Compt. rend., 1926, 183, 969). 


PH£- 
(I.) o 

— CMe 

NOH 

Ph<? 9Me 

OH KH-OH ( Tf > 

'I 

PtCH— 
(IVO OH 

— (JSEEMe 

nh 2 

_ PMe . 

OH NOH ( m -) 


In the reduction of isonitrosopropiophenone (I), as carried out 
by Raba {Ber., 1912, 45, 2166), in addition to a small quantity of 
the amino-alcohol (IV), a second compound was obtained, melting 
at 112°, which was described as the oxime of phenylacetylcarbinol 
(HE), flartung and Munch (J. Amer. Clem. Soc>, 1929, 51, 2262) 
also observed the formation of a second compound* but only when 
f5omtroso|ffopiophenone was reduced eatalytically in the absence 
of fey^oefeloric acid. This compound melted at 108—110° and was 
imsfe identified. The results of the present investigation give further 
Babe’s contention that the compound isolated fey him 
was the prime of phenylacetylcarbinol, which agrees- in all its 
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properties with those of the oxime here described. TJhe compound, 
isolated by Hartung and Munch has also now been identified as the 
oxime of phenylacetylcarbinol. A specimen, kindly submitted by 
Dr. Hartung, produced no depression of molting point when mixe,d 
with the oxime described in this communication, and further 
observations by Dr. Hartung confirm this view. While there are 
many examples of the reduction of a-oximino-ketones to amin.9- 
ketones, their reduction to oximino -alcohols is apparently very rare. 
However, the formation of this oxime in the reduction of isonitroso- 
propiophenone, though unusual, would not necessarily signify that 
the oximino -group is less susceptible to the action of the reducing 
agent than the carbonyl group (compare Hartung and Munch, 
loc. cit.), since it is not improbable that, under the conditions 
employed, the oxime is formed by molecular rearrangement of an 
intermediate hydroxylamino- alcohol (II). 

Experimental. 

^[-Mandelamide was prepared in excellent yield by the method 
of McKenzie and Wren (J., 1908, 93, 310). 

Preparation of Phenylacetylcarbinol . — By observing the following 
modifications in the methods of Wren (J„ 1909, 95, 1592) and of 
Tifieneau and L6vy (Bulk Soc. chim., 1925, 37, 1247) the yields 
of phenylacetylcarbinol were increased to about 50% of the theo- 
retical yield. Well-powdured ^Z-mandelamide (20 g.) was added very 
slowly to an excess of th,e Grignard reagent (7 mols.), well cooled in 
ice. The latter was prepared from 22 g. of magnesium, 140 g. of 
methyl iodide, and 250 c.c. of dry ether. When all the amide had 
been added, the mixture was kept at room temperature for 1 hour 
and then gently boiled under reflux for 12 hours. The solution, 
well cooled in ice, was decomposed by the gradual addition of ice and 
dilute sulphuric acid. No unchanged amide separated and the 
liberated phenylacetylcarbinol was extracted with ether and dried. 
It distilled as a pale yellow oil (9*5 g.) at 135 — 137°/24 mm. (Found : 
C, 71 n8> H, 6*-6. Calc, for 0^0*: A 72:0; H, ,6*7%). The 
semiearbaizmie, from boiling toluene, melted^at 194°. 

The 2 :&-dinUrophenylhydrazone was prepared by warming an 
alcoholic solution of 2 : 4-dinitrophenylhydrazine and phenylacetyl- 
carbinol. -Orange needles separated on cooling, which after 
recrystallisation from alcohol melted at 170° (Found : N, 17*1. 
C x ^3 !i 4 0 5 N 4 requires N, 1-7*0%) . 

The oxime of -phenylacetylcarbinol was prepared by boiling under 
reflux for 2 hours a solution of 5 g. of : the ketone, 2*6 g. of hydroxyd- 
;'anai^-hy<^oohlonde,.and 1-5 g. of sodiumhydroxide inwatowith 
the addition of sufficient .alcohol to make the solution homogeneous 
tt2 
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at the temperature of boiling. When cold, the solution was acidified 
and the oxime was extracted repeatedly with ether and dried. 
Evaporation of the ether left an oily residue, which when kept in a 
vacuum deposited a crystalline solid (4 g.). Recrystallisation from 
hot water gave the oxime in white needles, m. p. 112*5° (Found : 
C, 65*55; H, 6*3; N, 8*4. C 9 H n 0 2 N requires C, 65*45; H, 6*7; 
N, 8*5%). A small quantity of a less soluble compound was also 
fonned, which crystallised from alcohol in small white needles, 
m. p. 231°. This was in all probability phenylmethylglyoxime 
(Borsche, Ber., 1907, 40, 740) (Found: 1ST, 15*8. Calc, for 
CaH^O^: BT, 15*7%). 

Redaction of Phenylacetylcarbinol Oxime. — 60 G. of 3% sodium 
amalgam were gradually added to a solution of the oxime (2 g.) in dilute 
acetic acid. After 6 hours, the mixture was made alkaline and 
extracted several times with ether. After drying over solid caustic 
potash, evaporation of the ether left a colourless viscous oil, which was 
dissolved in warm hydrochloric acid. The solid which separated on 
standing was recrystallised from absolute alcohol, nor-^-ephedrine 
hydrochloride being obtained, m. p. 192° after a second recrystal- 
lisation (Found : Cl, 18*7. Calc, for C 9 H 13 0N,HC1 : Cl, 18*9%). 
From the mother-liquor a small quantity of nor-dZ-^-ephedrine 
hydrochloride was obtained, which after several recrystallisations 
from absolute alcohol melted at 169° (Found : Cl, 18*9%) (compare 
ISTagai and Kanao, Annaien , 1929, 470, 157). 

The University, Manchester. [ Received , April 7th, 1930 .] 


CL VIII . — The Constitution of Sinactine ( l-Tetrahydro - 

epi&er&erme). 

By Kakuji Goto and Zenjiro Kitasato. 

Sinactine, the natural occurrence of which was prophesied by 
W. H. Perkin and his co-workers (Perkin, J., 1918, 113, 494; 
Haworth, Koepfli, and Perkin, J., 1927, 2261), is present in Sino~ 
rnenium acutum , Reht and Wills, in minute quantities and has 
been isolated from the root as a sub-alkaloid of sinomenine by 
Goto and Sudzuki (Bull. Chem. Soc. Japan, 1929, 4, 220). These 
authors assigned to it the formula C 19 H 21 0 4 N and suggested that 
it might contain the tetrahydropapaverine skeleton. We have 
now found that its formula is C 20 H 21 O 4 lSr and that it contains the 
tetrahydroberberine skeleton; 

Sinactine contains two methoxy-groups and one methylenedioxy- 
group. Its absorption spectra resemble closely those of tetra- 



GOTO AND KITASATO .* THE CONSTITUTION OE SINACTINE. 1235 


hydroberberine and tetrahydropapaverine (loc. cit.), an Mj 1000- 
alcoholic solution producing an absorption band at a frequency of 
about 3500 : this similarity suggests a very close structural relation 
between these compounds (compare Dobbie and Lauder, J., 1903, 
83, 614; Kitasato, Acta Phytochim ., 1927, 3, 229). 

By the action of mild oxidising agents, such as iodine in alcoholic 
solution, on sinactine a base is produced which forms an intensely 
orange chloride, C 20 H 18 O 4 NCl, corresponding to the berberinium 
salt. Prom this base, by reduction, r-sinactine is obtained. This 
melts at 168° and has properties very similar to those of tetra- 
hydroej?iberberine (III), m. p. 169 — 170° (Perkin, J,, 1918, 113, 
512; Haworth and Perkin, J., 1926, 1777) : direct comparison of 
r-sinactine with a specimen of synthetic te trahydroe^iberberine , 
kindly sent to us by Dr. R. D. Haworth, and the melting point of 
a mixture of the two substances definitely established their identity. 

Prom the foregoing, it appears that sinactine is Z-tetrahydro- 
epiberberine (III), that is, the positions of the methylenedioxy- 
group and the two methoxy -groups in sinactine are the reverse 
of their positions in tetrahydroberberine (I). 

The relationship of the ten-membered ring alkaloids is still more 
clearly brought out when their formulae are compared : 



(I) Tetrahydroberberine 
(r-canadine). 



h 2 6-o ch 2 ch 2 

(III) Tetrahydroepiberberine 
(r-sinactine). 



(V) Tetrahydrocoptisine. 


o-ch 2 
6 



ch 2 

M e°(Xyf\JcH 2 

MeO H 2 C Me CH 2 

(II) (S-Homochelidonlne 
(a-aZZocryptopine). 

OMe 

CH 2 (^J 0Me 

/Y^xTy 

<kAs/h ^ 

H 2 C-0 H a C Me I 

(IY) Cryptopine. 


o-ch 2 
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Experimental. 

The roots of Sinomenium acutum are digested three times with 
0*5% hydrochloric acid 'at the ordinary temperature and the com- 
bined extracts are made alkaline with sodium carbonate and shaken 
thrice with chloroform. The chloroform solution is treated with 
dilute hydrochloric acid to remove alkaloids (sinomenine, etc.) 
other than sinactine. Sinactine hydrochloride accumulates in 
chloroform when this is repeatedly used in the extraction of the 
alkaloids without evaporation ; it is so sparingly soluble in water 
(0*74%) that it can easily be purified from sinomenine. 

Sinactine, m. p. 175°, is obtained in needles from a solution of 
its hydrochloride by means of ammonia or in colourless slender 
prisms by crystallisation from alcohol. It is sparingly soluble in 
cold methyl or ethyl alcohol, almost insoluble in water, and readily 
soluble in chloroform. The solution of a crystal in a drop of acetic 
acid gives at first no coloration on the addition of sulphuric acid, but 
gradually a violet tint develops [Found by microanalysis : C, 71*0, 
70*5, 71*05 ; H, 6*4, 6*3, 6*3 ; 1ST, 4*4 ; OMe, 18*9. C 18 H 15 0 2 lSr(0Me) 2 
requires C, 70*8; H, 6*2; X, 4*2; OMe, 18*3%]. The alkaloid 
has [a] D — ~ 312° in chloroform (c = 1 ; l = 1). It contains a 
methylenedioxy-group, as it gives a copious precipitate on treatment 
with phloroglucinol-sulphuric acid; it has no phenolic hydroxyl 
group, since it does not react with ferric chloride, potassium ferri- 
cyanide, or a diazo-solution; and it has no methylimino-group, 
since after being heated for 2 hours at about 300° with hydriodic 
acid and ammonium iodide it gives no precipitate with silver 
nitrate. 

The hydrochloride separates from water in colourless needles, 
m. p. about 272° (decomp.). The chloroplatinate forms crystals 
which begin to darken at 240° and melt at 245 — 247°. 

T-Siimctine. — Sinactine (0*5 g.) is dissolved in boiling alcohol, 
and a 2% alcoholic solution of iodine added in portions. The colour 
of the iodine disappears rapidly and an orange crystalline precipitate 
separates (compare Perkin, J., 1918, 113, 514). After \ hour’s 
boiling, the precipitate is collected, treated with sulphurous acid 
to remove a trace of iodine, and recrystallised from boiling water ; 
orange -yellow needles are obtained which darken at 275° and de- 
compose at about 300°. This iodide is suspended in water and 
dig^ted with freshly precipitated silver chloride for an hour. 
After removal, of silver compounds, the filtrate and washings are 
concentrated considerably and treated with hydrochloric acid. 
The dehydrosinactine chloride that separates after a few hours is 
recrystallised from hot water by addition of hydrochloric acid ; 
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the orange needles obtained have all the properties of epiberberin- 
inm chloride described by Perkin (Zoc. cit., p. 516). 

Dehydrosinactine chloride (1 g.) is reduced for 5 hours with 
glacial acetic acid (10 c.c.), 15% sulphuric acid (100 c.c.), and 
zinc dust. When sodium chloride is added to the filtered solution, 
a pale yellow precipitate separates : this is collected, washed with 
dilute sodium chloride solution, dissolved in boiling alcohol, and 
decomposed by very dilute aqueous ammonia. The base obtained 
is optically inactive and crystallises from much alcohol in colourless 
needles, m. p. 168° (Pound : C, 71*0 ; H, 6*2. Calc. : C, 70*8 ; 
H* 6*2%). Mixed with synthetic tetrahydroepiberberine (m. p. 
166 — 167°), it melts at 166°. Moreover, a solution of the base in 
glacial acetic acid, on addition of concentrated sulphuric acid, 
gives a colourless solution which gradually turns deep violet : tetra- 
hydrocpiberberine shows the same reaction. The hydrochloride 
of r-sinactine separates from much water in fine needles, which 
decompose at about 286°. The methosulphate, prepared in the 
same way as tetrahydroepiberberine methosulphate (Perkin, loc. 
cit .), crystallises from methyl alcohol in large colourless prisms, 
m. p. 257° (decomp.). The iodide melts at 275°. 

Kitasato Institute, Tokyo. [Received, April 7 th, 1930.] 


CLIX . — Studies of Electrolytic Polarisation . Pari IX. 
Complex Cyanides : (c) Zinc, Cadmium , and 

Mercury . 

By Samuel Glasstone. 

Prom previous studies (J., 1929, 690, 702) it was concluded, in 
contrast to the views of Le Blanc and Schick (Z. Mektrochem 
1903, 9, 636 ; Z. pkysikal. Ohem 1903, 46, 213) and of Foerster 
(Z. Elehtrochem., 1907, 13, 561), that the cathode potential-CMh 
curves and the current efficiency for metal deposition in the elec- 
trolysis of complex cyanides depend on (a) the variation of electrode 
potential with increasing ratio of cyanide to metal in the solution, 
and ( b ) the relation of the potential in the presence of excess of 
cyanide to that at which hydrogen evolution occurs. If the solution 
under examination is one in which an increase of the cyanide con- 
centration causes an appreciable alteration of potential, i.e., if it 
corresponds with a position on the metal ion-cyanide titration 
curve where there is a marked inflexion, polarisation should be 
appreciable. On the other hand, very little polarisation should 
result when the addition of cyanide has only a small influence on 
the electrode , potential ; this occurs when the solution already 
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contains an excess of cyanide. If the cathode potential remains 
below that requisite for the evolution of hydrogen, the efficiency for 
metal deposition is 100% ; but if the C.D. exceeds a value at which 
the rate of deposition of metal is greater than the rate of diffusion of 
the appropriate ions to the electrode, the cathode potential rises 
rapidly, the efficiency for metal deposition falls off, and hydrogen 
evolution commences. If the hydrogen potential is attained before 
the limiting C.D . is reached, the current efficiency decreases at this 
point, but there is no rapid increase of cathode potential. Since all 
the polarisation observed in the electrolysis of complex cyanides is 
due ultimately to concentration changes, and not to the slowness ^of 
any chemical reaction, it can be decreasd by vigorous stirring of the 
electrolyte. 

The above views, based on observations on complex silver and 
copper cyanides, have now been tested and confirmed by similar 
experiments involving electrometric titrations of salts of zinc, 
cadmium, and mercury with sodium cyanide solutions, together with 
cathode-potential and current-efficiency measurements at various 
C.D. 9 s. 

Zinc dissolves spontaneously in alkali cyanide solutions with the 
evolution of hydrogen, since the electrode potential Zn\KCN is 
about —1*25 volts; hence the electrolytic behaviour of complex 
zinc cyanide solutions was expected to be similar to that of the 
cuprocyanides (J., 1929, 702). Cadmium and mercury are not 
attacked by potassium cyanide solution in the absence of air ; on 
electrolysis their complex cyanides were, therefore, expected to give 
results similar to those obtained with argentocyanide solutions 
(J., 1929, 690). The limited observations made by Spitzer ( Z . 
Eletetrockem ., 1905, 11, 345) and by Hoing (ibid., 1916, 22, 286) on 
zinc, and by Efremov (Ann. Inst. Poly t. Ural , 1927, 6, 111) on 
cadmium, were seen to support these conclusions. 

Expebimental. 

The experimental methods were similar to those already used for 
the study of silver and copper complex cyanides. With zinc and 
cadmium the electrometric titrations were performed on the corre- 
sponding sulphates in A T /5-solutions ; the electrolysis solutions were 
made from the same salts by the addition of appropriate amounts of 
cyanide. Sodium cyanide was used almost exclusively throughout 
this work; independent experiments showed that potassium 
cyanide gave exactly similar results. For the observations with 
the mercury cathode, a pure specimen of mercuric cyanide was used ; 
as this substance is almost a non-electrolyte, a small amount of 
sodium sulphate was added to the solution, 
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It is noteworthy that mercuric cj^anide is stable in contact with 
metallic mercury, whereas under these conditions most other 
mercuric salts are unstable and tend to form mercurous salts. 
Mercurous cyanide, however, is unstable and decomposes immedi- 
ately into mercuric cyanide and mercury (Abel, Z. anorg . Chem., 
1901, 26 , 379). The explanation of this behaviour lies in the fact 
that mercuric cyanide yields only a very small concentration of 
mercuric ions in solution ; from observations made in the course of 
the present work the mercuric -ion concentration (assumed equal 
to the activity) is about 10 -21 g. -ion per litre in N /5- solutions of 
the cyanide. According to Abel (be. cit., p. 375), [Hg 2 **]/[Hg*‘] is 
equal to 120 when mercuric and mercurous ions are in equilibrium 
with metallic mercury; hence the concentration of mercurous ions 
in the mercury-mercuric cyanide system is about 10~ 19 g.-ion per 
litre. Mercurous salts are generally more highly ionised than 
corresponding mercuric salts (compare Lowry, Trans. Faraday Soc 
1928, 24 , 1), and so only an extremely small concentration of 
mercurous cyanide can co-exist with mercuric cyanide and mercury. 
The latter salt is, therefore, stable and the former unstable. 

Cathode-potential measurements were made by the methods 
described in previous papers of this series. Attempts were made to 
determine the current efficiencies for metal deposition, but only with 
cadmium was a systematic study possible. Zinc dissolves so readily 
in solutions containing the slightest excess of free cyanide that even 
at high CM)/ s there was a net hss in weight of the cathode. A 
rough indication of the efficiencies can, however, be obtained from the 
cathode-potential measurements. A satisfactory investigation of 
the current efficiency with a mercury cathode was prevented by 
experimental difficulties, but approximate determinations were 
made with an amalgamated copper electrode as well as with one of 
liquid mercury; the results indicated that the metal was discharged 
almost entirely as bivalent ions. 

Unless otherwise stated, experiments were carried out at room 
temperature (15°). All electrode-potential measurements are 
expressed on the normal hydrogen scale. 

Remits, 

Zinc . — The electrometric titration curve of zinc sulphate solution 
with sodium cyanide, a zinc electrode being used as indicator,, is 
shown in Fig. 1. The precipitate of zinc cyanide dissolves completely 
when the ratio Zn :CN = 1: 4, in approximately N /10-solutions (see 
Treadwell, Qhem.-Ztg., 1914, 38, 1230; Corbet, J., 1926, 3190); 
this fact, together with the shape of the titration curve, suggests 
that Zn(CN) 4 " is the. chief complex ion present in solution. The 
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of flie Ma^ZafCNfc solution is about 10, and the reversible potential 
of a hydrogen electrode in it is — 0*57 ; the reversible zinc potential 
is —0-99 volt. In the electrolysis of such a solution, therefore, 
hydrogen may be expected to be liberated at the cathode instead 
of metal, but the high overvoltage of hydrogen at a zinc cathode 
prevents this happening. Actually, it has been observed that 
hydrogen bubbles appear at a zinc electrode in a complex cyanide 
solution at a potential of —id 8 volts ; even at less negative poten- 
tials, however, some of the current will be utilised in the discharge 
of hydrogen ions, since the resulting atoms are removed by diffusion 


Fig. 1. 



dr by depolarisation with air. It is clear, therefore, that 100% 
efficiency for zinc deposition is not to be expected from solutions 
containing cyanides. 

The titration curve shows that cathodic polarisation cannot be as 
marked as with silver and copper, since the sudden rise of potential 
occurring when the Tatio CN : Zn exceeds 4 : 1 is only from —0*99 to 
—1*14; beyond this, the zinc electrode potential rises gradually to 
■^-1*24 volts, which is the value in a O-dA'-sodium cyanide solution. 
Since the free evolution of hydrogen commences at - — 1*18 volts, 
the subsequent Ghange of potential of the zinc cathode should be 
similar to that in a simple cyanide solution in which hydrogen dis- 
charge id the only cathodic process (Table I, last column) . 

The actuaJ cathode potentials (CLP,} and current efficiencies 
{C*E,) recorded in Table I are in agreement with the predictions 
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made from a study of the titration curve. Solution I was M /10 
with respect to Na 2 Zn(CN) 4 , and Solution II contained in addition 
N/5’Sodmm cyanide. The current efficiencies, which are in any 
case very rough, could not be determined for Solution II for the 
reason given on p. 1239. Experiments were also made with Solution 
I stirred (500 r.p.m.) at 15°, and unstirred at 70°. 

Table I. 

Catliode potentials and current efficiencies. 

Solution I. 


C.D. Unstirred at Stirred at Unstirred at 


X 10 4 
(amps./ 
cm. 2 ). 

15°. 

G.P. 

G.E. 

15°. 

G.P. 

G.E. 

70°. 

G.P. 

O.E. 

Solu- 
tion II. 
G.P . 

Nl 5- 
NaCN. 
G.P. 



-0*99 

— . 

-0*99 

— 

-0*99 

— 

-1*22 

-1*24 

1*0 

-1*04 

— 

— 

— 

-1*01 

— 

— 1*24 

-1*26 

2*0 

-1*06 

— 

-1*00 

— 

-1*02 

— 

-1*26 

-1*27 

4*0 

-1*09 

— 

-1*01 

— 

-1*06 

— 

-1*29 

-1*31 

8*0 

-1*16 

52 

-1*03 

— 

-1*08 

— 

-1*33 

-1*34 

12 

-1*27 

33 

-1*07 

48 

— 1*14 

51 

-1*40 

-1*41 

20 

-1-34 

30 

— 1*14 

40 

-1*20 

41 

-1*44 

-1*45 

40 

— 1*39 

26 

— 1*24 

36 

-1*28 

36 

-1*47 

-1*50 


It is to be noted that stirring the electrolyte and raising the 
temperature have not the same marked influence on the current 
efficiency for zinc deposition as for copper (loc. cit.) ; this is because 
the polarisation in the former case is smaller, and so stirring and 
raising the temperature, which tend to decrease polarisation, cannot 
be relatively so effective. Further, since the cathode potential for 
zinc deposition from cyanide solutions is always more negative than 
that required for the reversible discharge of hydrogen ions, the 
removal of accumulated hydrogen as a result of stirring will increase 
the proportion of current devoted to the discharge of these ions, and 
the efficiency of zinc deposition must decrease in consequence. 
Similarly, at high temperatures the overvoltage for hydrogen 
evolution is decreased, and a larger proportion of the current will be 
utilised in liberating hydrogen than for the same cathode potential 
at lower temperatures. All the observed results may, therefore, 
be explained without the necessity of assuming that the complex 
zineieyanide ion dissociates slowly into its constituents. - 

During the course of this work, it was noted that zinc sulphate 
solution dissolves appreciable amounts, of zinc cyanide: 1 1. of 
M -solution dissolves about 0*003 g.-mol. at 15°, and 0*01 g.-mol. at 
,70°. This suggests, as in the case of silver (see Hellwig, Z. anorg. 
Chem ., 1901, 25, 157), that a complex zinc cyanide kation, possibly 
[Zn^CNy**, is formed,* these complex ions, rather than simple 
zinc ions, may be actually discharged at the cathode during the 
electrolysis of cyanide solutions (compare J., 1929, 700, 712), 
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Cadmium . — The electrode potential-titration curve for M/5- 
cadmium sulphate solution with sodium cyanide and a cadmium elec- 
trode, is shown in Fig. 2 ; the slight inflexion corresponding with the 
formation of Cd(CN) 2 indicates that this substance is comparatively 
soluble. The electrode potential of cadmium in the system containing 
cadmium and cyanide in the ratio 1 : 2 is — 0-49 volt ; hence the 
solubility of cadmium cyanide in water is of the order of 10 -3 g.-mol. 
per litre. This is of a similar order to the solubility of zinc cyanide, 
but is appreciably greater than that of silver and copper cyanides. 
It is of interest that at least 1 c.c. of iY- sodium cyanide solution 


Fig. 2. 



must be added to 10 c.c. of Y 7 - cadmium sulphate solution before a 
permanent precipitate of cadmium cyanide is formed; the latter is 
thus appreciably soluble in the sulphate solution, possibly as a result 
of the formation of a complex kation of the type [Cd 2 (GN) 2 ]’\ The 
shape of the titration curve when the ratio CN : Od exceeds 2 : 1, and 
the fact that the precipitate of cadmium cyanide dissolves com- 
pletely when the ratio is ca. 3-5 :1 (see also Corbet, loc. cit.) s suggests 
that at least two complex ions, Cd(0N) 3 ', or perhaps [Cd(CJS^ 8 (H 2 0)]' 5 
and Cd(CH) 4 " are present in solution (see also Pines, J. Czech , . 
Chem. Comm.* 1929, 1, 387). 

During electrolysis, the cathodic polarisation of cadmium in a 
solution containing Cd : CKT = 1 : 4 should be of the same: order as 
with zinc; a rapid rise of potential can occur only between —0-67 
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and —0*82 volt, and this will be followed by a more gradual rise to 
about —0*95 volt, the potential of cadmium in N /2-sodium cyanide 
solution. There is, however, an important difference between 
cadmium and zinc as regards hydrogen evolution ; it has been found 
that the gas commences to be evolved freely from a cadmium cathode 
in sodium cyanide solution at a potential of about — 1*1 volts, a 
value distinctly more negative than that of cadmium in the same 
solution. It is clear, therefore, that during the electrolysis of 
complex cadmicyanide solutions the metal should be deposited at 
almost 100% efficiency, unless the C.D. is such that the rate of 
deposition exceeds the rate of diffusion of cadmium compounds to 
the cathode. At this limiting C.D. the potential will rise and the 
current efficiency for metal deposition fall. It may be calculated 
by the method described in a previous paper (J., 1929, 697) that for 
an M /10-solution of a cadmium salt the limiting C.D. at which the 
rates of deposition and diffusion are equal is about 0*0055 amp. /cm. 2 . 
This value, as in the case of argentocyanide solutions, should be 
independent of the amount of free cyanide present,* but should 
depend on (a) the concentration of the cadmium salt, (b) the 
temperature of the solution, and (c) whether the solution is stirred 
or not. Raising the temperature or stirring the electrolyte should 
raise the limiting C.D. for 100% deposition, but dilution should 
bring about a decrease. 

The results obtained in the investigations on the electrolysis of 
cadmium cyanide solutions are given in Table II. Solution I con- 
tained Cd and CN in the ratio of 1 to 4, and in Solution II the ratio 
was 1 to 6; the concentration of cadmium salt was AT/lOin each 
original electrolyte. 

These results are in agreement with the views already expressed ; 
the limiting C.D. for 100% efficiency of metal deposition is about 
0*006 amp./em. 2 in the Mj 10- and 0*00055 in the M /100-solutions. 
As in the work on silver, the effect of stirring at 500 r.p.m., 
or of raising the temperature to 70°, is to increase the limiting 
C.D. in the dilute solution four- or five-fold. It is of interest that 
the limiting C.D. for 100% efficiency of metal deposition in an 
M /10-cadmium sulphate solution is 0-006 amp. /cm. 2 ; this- result 
indicates, in agreement with expectation, that the simple Cd” 
and the complex Cd(CN) 4 " ions diffuse at almost the same rate. 
The limiting C.D . is thus independent of the actual concen- 
tration of Cd” ions, but depends primarily on the total cadmium 
concentration. 

* If the solution contains a large excess of free cyanide the efficiency may 
be somewhat lowered, since hydrogen ions may be discharged to replace the 
gas removed by diffusion and depolarisation. 



1244 

C.D. 
x 10 4 

Unstirred. 

GLASSTONE : 

Table n. 

Solution I. 

Diluted Diluted and 

Stirred. 10-fold. stirred. 

Diluted, at 
70®. 

(amps./ 

cm.*). 

r c.p. c.k 

C.P. 

CJZ. 

CJP. 

CJB. C.P. C.E. 

C.P. 

C.E 


-0*67 — 

o 

o 

1 

— 

-0*65 

— -0*65 — 

-0-65 

— 

1-0 

—0*72 — 

— 

— 

— 0*C9 

— ■ — — 

— 

— 

2-0 

-0-75 — 

— 

— 

-0*76 

— -0*69 — 

-0-70 

— * 

3-0 

-0*77 — 

— 

— 

-0*84 

. — — — - 

— 

— 

4-0 

-0-78 — 

-0-73 

— 

-0*89 

100 -0*71 — 

-0*74 

— 

5*0 

, -T, * 

_ 

— 

-0*93 

— — — 

— 

— 

6*0 





___ 

-1*19 

54 —0*74 — 

-0-78 

— 

10 

-0*82 — 

-0-70 

— . 

-1-37 

22 -0-79 — 

—0*81 

— 

20 

-0-86 — 

-0-78 

_ 

-1*46 

18 -0*83 100 

-0*85 

100 

30 

-0-89 — 

— 

— 


-1-15 82 

-1-20 

80 

50 

-0-91 100 

-0*80 

— 


-1-36 57 

-1-28 

65 

60 

-1-00 — 

— 

— 


-1-44 30 

-1*35 

38 

70 

-1-30 90 

— 

— 





100 

-1-40 83 

-0-84 

100 





170 


-0-89 

. — 





200 


-1-26 

92 








Solution IT. 







Diluted 

Diluted and 




Unstirred. 

10-fold. 

stirred. 

Diluted, at 70°. 









Kj.IS. 7. XU <• 







(amps. /cm.*). C.P. 

C.E. 

C.P. 

CJJ. 

C.P. C£. 

C.P. 

C.E. 

— 

-0-84 

— 

-0*80 

— 

-0-80 — 

-0-80 

— 

1*0 

— 

— 

-0*85 
— 0-S9 

— 

-0*81 — 

— 

— 

£* U 

30 





-0*92 








4*0 

-0-90 

— 

-0-96 

— 

-0*85 — 

— 

. — 

5*0 

— 

— 

-0-99 

100 

— — 

— • - 

— 

6*0 

— 

— 

-1-27 

73 

-0*90 — 

— 

— 

10 

-0*92 

— 

-1-35 

48 

-0-93 — 

-0*91 

— 

20 

-0-94 

— 

-1-45 

30 

-0*98 100 

-0-99 

100 

30 

-0-95 

— 



-1-30 74 

-1*28 

70 

50 

-0*98 

100 



-1*45 35 



70 

-1-32 

91 






100 

-1-41 

84 







M ercury. — -Since mercuric salts, other than the cyanide, are 
unstable in the presence of mercury, an M /10-solution of the latter 
salt was used for the electrometric titration with sodium cyanide 
and a mercury indicator electrode ; the variation of mercury elec- 
trode potential with varying Hg : CN ratios is shown in Pig. 3. The 
shape of the curve indicates that Hg(CM) 4 " is the main ion formed 
when alkali cyanide is added to mercuric cyanide, but the absence 
of any marked horizontal portion between the Hg : CM* ratios 1 : 2 
and I : 4 ( i.e ., between 0 and 2 added equivs.) suggests that the ion 
Hg(CM) s ' is also formed to some extent. Since mercuric cyanide 
is soluble in water, it is not possible to verify this conclusion by 
observations on the solubility in the presence of alkali cyanide. 
Prom the titration curve, it may be seen also that on electrolysis 
the cathode potential of mercury in a solution of mercuric cyanide 
should alter with increasing polarising C.D. at first rapidly 
from 0*18 to 0*03, more -slowly to — 0*15, rapidly again to — 0*25, 
and finally more gradually to about — 0*35 volt. In a solution of 
Ma 2 Hg(CM) i , the polarisation should be marked at low <7.D/s, since 
the mercury potential rises from —0*15 to —0*25 for quite small 
changes in the Hg : CM ratio. If the electrolyte contains excess of 
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free cyanide there should be very little polarisation even at appre- 
ciable C.D.’s. 

As the rate of diffusion of the mercuricyanide ion is probably 
similar to that of other ions (diffusion coefficient, 1*2 approx.), the 
limiting CJD. for 100% efficiency of mercury deposition should 
be about 0*006 amp. /cm. 2 ; above this C.D. some of the current must 
be utilised in the discharge of hydrogen ions. Since the overvoltage 
for hydrogen evolution at a mercury electrode is more than 0*7, 
the cathode potential for the liberation of this gas from cyanide 


Pig. 3. 



Equivalents of cyanide added to Hg(CN) a . 


solutions will be about —1*3 volts. Hence, in the electrolysis of 
mercuricyanide solutions, the potential beyond the limiting C.D. 
must rise rapidly from —0*35 to —1*3 volts, and at the same time 
the current efficiency should fall. The actual results obtained were 
in agreement with these anticipations. Cathode-potential measure- 
ments made by means of the commutator were trustworthy only 
up to the limiting C.D., for above this point the rate of fall of 
potential on switching off the current— as might be anticipated from 
the factors already mentioned— was too great to allow of accurate 
extrapolation being made; The potentials in Table III are there- 
fore only for C.D .’ s at which there is no tendency for hydrogen 
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evolution to occur; the highest C.D. quoted for any particular 
electrolyte may be regarded as the limiting value for 100% 
efficiency of mercury deposition in that solution. On account of 
the diffic ulties of working with a mercury cathode, only a limited 
number of current-efficiency measurements were made ; these, as 
well as others with an amalgamated copper electrode, indicated 
that at all C.D.’s given in Table III the metal-deposition efficiency 
was about 100%. Solution I was Jf/10-mercuric cyanide contain- 
ing some sodium sulphate to increase the conductance ; Solution II 
was M /10-]Sra 2 Hg(CN) 4? and Solution III contained in addition 
0*4A 7 -sodium cyanide solution. 

Table III. 


Cathode potentials. 

Solution I. Solution II. 


C.D. X 10 4 


Diluted 

Diluted, 


Diluted 

Solution 

(amps. /cm. 2 ). 

I. 

5-fold. 

at 70°. 

II. 

1 0-fold. 

III. 

— 

0*18 

0*18 

0*19 

-0*15 

-0*13 

-0-33 

20 

0*08 

0*02 

0*09 

-0*21 

-0*19 

-0-36 

4-0 

— 

-0*03 

0*04 

-0-24 

-0*24 

-0*37 

5-0 

— 

-0*05 

— 

— 

-0-27 

— 

6-0 

0*01 

-0*07 

— ' 

-0-27 

-0-29 

-0*39 

8*0 

— 

-0*15 

— 

-0*28 


— - 

12 

-0*02 

-0*31 

-0*03 

— 


— 

20 

-0*04 


-0*06 

-0-30 


-0-41 

30 

-0*06 


-0*16 

-0*33 


-0*42 

50 

—0*19 


— 0*21 

-0*34 


— 

60 

-0*32 


-0*32 

-0*35 


-0*43 


These results are in harmony with the anticipations based on the 
general principles applicable to the electrolysis of complex cyanide 
solutions. As in previous cases, dilution decreases the limiting C.JD. 
to an extent proportional to the reduction of concentration, whereas 
raising the temperature (and stirring) increases this C.D. The 
extent of cathodic polarisation is a function of the variation of the 
mercury potential with changes in the Hg : CN ratio; although 
the mercuricyanide ion probably dissociates rapidly into its con- 
stituents, there must be some polarisation in Solution II, but less in 
Solution tlL 

Summary. 

(1) Cathode-potential and current-efficiency measurements have 
been made in solutions containing complex cyanides of zin c, cadmium, 
and mercury. 

(2) The main factors influencing the results are (a) the variation 
of electrode potential with increasing ratio of cyanide to metal, 
(6) the potential for hydrogen evolution at the given metal, and (c) 
the concentration of the electrolyte. 
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(3) There is no reason to believe that any of the complex cyanides 
studied hitherto dissociate slowly. 

(4) Electrometric-titration curves indicate the presence of 
Zn(CN) 4 " ions in zinc solutions, Cd(CN) 3 ' and Cd(CN) 4 " ions in 
cadmium solutions, and Hg(CN) 3 ' and Hg(CN) 4 " ions in mercuric 
solutions. 

The University, Sheffield. [ Received , April 3 rd, 1930.] 


CLX . — The Acetates of Ruthenium . 

By (the late) Alfred William Mond. 

The ruthenium salts of the acids of the acetic series appear to be 
unknown. In this paper the preparation of several of the acetates is 
described. They are all of the complex basic type, as is to be ex- 
pected from the position of the metal in the periodic table (compare 
chromium and especially iron). Though the great solubility of 
most of these compounds makes their purification very difficult, the 
analytical results indicate that definite chemical individuals were 
obtained. 

They were made by the action of the acid on the hydroxide formed 
by treating ruthenium trichloride, RuC1 3 , with alkali. This is 
generally regarded as the hydrated trioxide Ru 2 0 3 ,a;H 2 0; but 
Howe (J. Amer. Ghem. Soc 1927, 49, 2381) maintains that it 
contains quadrivalent ruthenium, and that its formula should be 
written Ru0 2 ,ccH 2 0, whilst Crowell and Yost (ibid., 1928, 50 , 374) 
and Remy and Liihrs (Ber., 1928, 61 , 917 ; 1929, 62 , 200) consider 
that in the hydroxide, and in the more or less hydrolysed solutions 
of the chloride in water, the metal is partly tervalent and partly 
quadrivalent. This leads to a difficulty in formulating some of 
the acetates. Most of them are derived from a complex salt which 
should be written Ru 2 (C 2 H 3 0 2 ) 4 (0H) 4 if the metal is quadrivalent, 
and Ru 2 (C 2 H 3 0 2 ) 4 (0H) 2 (0H 2 ) 2 if it is tervalent. The difference in 
composition for the metal and the carbon lies within the errors of 
analysis ; but the values for the hydrogen, though rather uncertain 
owing to the difficulty of ensuring complete removal of the water 
without decomposition, agree best with the assumption that the 
metal is tervalent. Two of the acetates must contain tervalent 
ruthenium. 

The first product (A) of the action of glacial acetic acid on the 
trioxide is Ru 2 (C 2 H 3 0 2 ) 4 (0H) 2 (0H 2 ) 2 . This on hydrolysis yields 
(B) Ru 2 (C 2 H 3 0 2 ) 3 (0H) 3 (0H 2 ) 2 and (C) Ru 2 (C 2 H 3 0 2 )(0H) 5 (GH 2 ) 2 . 
(It seems simpler to distinguish the compounds by letters, rather 
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than by lengthy systematic names.) These three obviously belong 
to one type. Two others of a different type were obtained : (D) 
Ru 2 (C 2 H 8 O 2 ) 4 (0H) 2 , formed along with (B) in the hydrolysis of (A), 
and (E) Ru 2 (C 2 H 3 0 2 ) 5 (0H). These differed in properties from the 
first three, being excessively hygroscopic, and less easily reduced to 
the metal on ignition. 


Experimental. 

Pure ruthenium sponge, kindly lent by the Mond Nickel Company, 
was converted through the tetroxide into the trichloride, and thence 
by precipitation in aqueous solution with alkali into the hydroxide, 
which was washed, dried, and used in the subsequent work. 

Methods of Analysis. — For the estimation of ruthenium, a weighed 
quantity of the compound was heated in a porcelain crucible, and 
then ignited strongly in a stream of hydrogen (introduced by a silica 
tube passing through the lid) until the weight was constant. For 
the two compounds (D) and (E) it was necessary, in order to prevent 
reaction with the crucible in the earlier stages, to wrap the sample 
in filter paper and heat it at first gently and then more strongly 
until the- paper was burnt away; the subsequent reduction in 
hydrogen was then carried out as before. 

The carbon and hydrogen were determined by combustion. 

(A) . Fu^C 2 H 3 G 2 ) 4 (OH) 2 (GHo) 2 . — Freshly prepared hydroxide was 

boiled for 2 hours with glacial acetic acid. The daajk green, almost 
black, solution was filtered and concentrated on a water-bath. :Gn 
cooling, a solid separated, which was filtered off and, after removal 
of as much as possible of the mother-liquor by .pressing between 
filter papers, was dried in a.desiccator over sulphuric acid. It formed 
a Hack crystalline powder, readily and completely soluble in water 
or alcohol to a deep green solution (Found : Ru, 40*0 ; C, 18*71; 
H, 3*18. C 8 H 18 0 12 Ru 2 requires Ru, 39*93 ; C, 18*85 ; H, 3*53%). 

A further but less pure yield was obtained from the mother-liquor. 

(B) . Ru 2 (C 2 H 3 G 2 :) 3 (GH) 3 (OH 2 ) 2 . — A strong solution of the previous 
compound in water .was boiled for about 20 minutes. It became acid, 
turned brown, and deposited a black precipitate. This was filtered 

and .dried at 80°. St was insoluble in water (Found : Ru, 43*9 ; 
fi, 15*45;; H, 3*32. requires Ru, 43*51; C, 15*40 ; 

Hi 3d£%). 

(Efy. Ru 2 ^C 2 H^0 2 ) 4 (OE) 2 .—The brownish filtrate from (B) was 
evaporated on a water-hath. It gave no signs of crystallising, but 
left a black powder, very hygroscopic and readily soluble in alcohol, 
iram which it was precipitated unchanged by ether. A -drop of the 
•coao^itateKi aqueous solution, when evaporated .on a warmed 
®ie®osoape slide, formed -a network of brownish-black - crystals 
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(Found: Ru, 43*08; C, 19*62; 11, 3*34. C 8 H 14 O 10 Ru 2 requires 
Ru, 42*96; C, 20*28; H, 2*96%). 

(0). Ru 2 (C 2 H 3 0 2 )(0H) 5 (0PI 2 ) 2 . — On prolonged treatment with 
water, the tetra-acetate (A) undergoes further hydrolysis; after 
24 hours’ treatment with dilute acetic acid at 100°, the solution 
on evaporation left a residue of a black powder, completely soluble 
in water or alcohol to a brownish-green solution, and approximating 
in composition to Ru 2 (C 2 H 3 0 2 )2(0H) 4 (0H 2 ) 2 . When this was 
boiled with water, nearly all the ruthenium was precipitated as a 
black powder of the composition of (C) (Found : Ru, 53*30 ; C, 6*10 ; 
H, 3*01. C 2 H 12 0 9 Ru 2 requires Ru, 53*05 ; C, 6*26; H, 3*13%). 

(E). Ru 2 (C 2 H 3 0 2 ) 50 H. — Freshly prepared ruthenium hydroxide 
was dissolved in 50% acetic acid, and the deep green solution 
filtered and evaporated to dryness. A black, very hygroscopic 
residue remained, which gave a deep green solution in water or 
alcohol, and was precipitated from the latter as a black powder 
(Found : Ru, 39*5 ; C, 23*41 ; H, 3*5. C 10 H 16 O 1:L Ruo requires 
Ru, 39*47; C, 23*28; H, 3*10%). 

Ruthenium Formates . — Ruthenium hydroxide dissolves readily in 
50% formic acid, and the deep green solution on evaporation leaves 
a black crystalline residue very soluble in water, but, unlike the 
acetates, insoluble in alcohol. The composition of this approximates 
to the formula Ru 3 (HC0 2 ) 7 (0H) 2 ,5H 2 0 (Found : Ru, 41*0 ; C, 11*2 ; 
H, 1*96. C 7 H 19 0 21 Ru 3 requires Ru, 41*00; C, 11*29; H, 2*55%). 
Belloni (Arch. Pharm ., 1909, 247, 123) obtained in the same 
way from ferric hydroxide a formate of the similar formula 
Fe 3 (HGO 2 ) 7 {OH) 2 ,7H 2 0. 

On prolonged heating with water, the ruthenium formate is 
partially hydrolysed, with the production of a series of yellow, 
brown, and black products, some soluble in water and some in 
alcohol, which were not further examined. 

The Dyson Perrins Laboratory, 

Oxford. [Received, March 28#/?, 1 030-2 


CLXI . — Physicochemical Studies of Complex Acids . 
Pari I . Tungstic Acid. 

By Hubert Thomas Stanley Britton and William Leslie 

German. 

In a previous communication (Britton, J., 1927, 147) it was. shown 
that in solution tungstic acid reacts with sodium hydroxide* a& a 
dibasic acid, but that in all other respects its behaviour is abnormal. 
The present paper deals with potentiometric and conductometric 
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experiments which have been carried out to gain some insight into 
its nature. For this purpose, it was possible to use the quinhydrone 
electrode successfully in acid solutions. 

When a concentrated solution of sodium tungstate is treated with 
an excess of hydrochloric acid, tungstic acid is usually precipitated. 
If, however, dilute solutions are employed, no separation occurs, 
the solution remaining perfectly clear* This is a surprising fact in 
view of the insolubility of tungstic acid in dilute acid solutions, 
though the freshly precipitated oxide may often be peptised by 
concentrated acid solutions. It might be inferred, from the approxi- 
mate pa curve given in the 
earlier paper, that the com- 
paratively high concentration 
of hydrogen ions set up in the 
solution immediately after the 
amount of added hydrochloric 
acid exceeded 1*5 mols. per 
mol. of sodium tungstate, was 
caused by the liberation of 
tungstic acid in an ionised form, 
the tungstic acid hitherto pro- 
duced having combined with 
the undecomposed sodium 
tungstate in the form of poly- 
tungstates. Contrary to ex- 
pectation, the following work 
indicates that the enhanced 
hydrogen-ion concentration is 
due to free hydrochloric acid, 
which, on the basis of the 
equation Na 2 W0 4 + 2HC1 — >• 
2NaCl + W0 3 ,H 2 0, would not 
be expected to exist until 2 mols. are added, unless an inert sodium 
polytungstate (which could resist the attack of hydrochloric acid) 
were produced in the course of the reaction. 

Experimental. 

Quinhydrone yielded reproducible in all solutions of 

tungstates, the contact electrode being bright platinum foil 
attached to a platinum wire fused into the end of a glass tube 
containing mercury. The solutions undergoing - examination were 
placed in beakers, to which about 0*05 g. of quinhydrone had been 
added. They were connected, through a salt bridge containing a 
saturated solution of potassium chloride, the ends of which were 
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plugged loosely with filter paper, to a normal calomel electrode. 
Before any potentials were measured, the solution was vigorously 
shaken mechanically. These measurements were made at room 
temperature, and the p R values were calculated by using the 
appropriate normal reduction potential of quinone-quinol obtained 
from Biilmann and Krarup’s formula (J., 1924, 125 , 1954). 

, The conductometric titrations were performed in a thermostat, 
carefully regulated to 25-0° ± 0*05°, a specially designed cell being 
used in which efficient mechanical stirring was possible without 
moving the cell or disturbing the electrodes (see Fig. 1) The cell 
has a capacity of 150 cc. ; it is provided with a tightly fitting 


Fig. 2. 



ebonite cap, through which pass two glass tubes supporting the 
square platinum electrodes and, in the centre, a short copper tube 
in which the rod of the glass paddle rotates. The latter, which 
operates below the electrodes, is prevented from coming into contact 
with them by means of the rubber band placed just below the copper 
tube. The paddle rod is supported in the aluminium pulley wheel 
by means of a tightly fitting rubber bung in which it is fitted. 
The electrodes were platinised in the usual manner. The water 
used in the solutions had a specific conductivity of 4 X 10 -6 mho. 

Reaction between Sodium Tungstate and Hydrochloric Acid . — 
(a) Potentiometric method . This reaction has been investigated 
electrometrically in solutions of various concentrations, but as the 
type: of curve obtained in all cases is the same, reference will be 
made only to those relating to the more dilute solutions. In Fig. 2 
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are given the quinhydrone curves illustrating the course taken by 
the hydrogen-ion concentration when 50 c.c. of 0*05Jf -sodium 
tungstate were titrated with 0d09olf -hydrochloric acid. Curve A 
represents the change occurring during a titration in which about 3 
minutes elapsed between each addition of acid. Curve B was 
constructed from p& measurements made on solutions corresponding 
with various stages of the titration after they had been allowed to 
stand for one week. Curve C refers to data obtained from solutions 
corresponding with different stages of the titration after 5 minutes’ 
boiling followed by immediate cooling to room temperature. The 
p B values at different stages of the titration under these conditions 
are recorded in Table I. Two inflexions appear in Curve A, one of 
which was obscured in the curve given in the earlier paper on account 
of difficulties introduced by the electrodes then used. The first 
occurs between p R 6*3 and 3*8, the corresponding polytungstate 
formed varying from about 2-3 to 4*0 mols. of W0 3 per mol. of 
Na 2 0. These limits happen to be those associated with the so-called 
paratungstate and the metatungstate respectively. This inflexion 
disappears (as shown Curves B and C) when the solutions concerned 
are boiled or allowed to stand. The second inflexion indicates that 
after the metatungstate has been formed the solution rapidly 
acquires an acid reaction of a magnitude similar to that which 
would be caused by free hydrochloric acid. Curve D represents the 
course which would have been taken by the hydrogen-ion concen- 
tration if the hydrochloric acid had reacted with the sodium tungstate 
in accordance with the equation Na 2 W0 4 + 2HC1 — > 2NaCl + 
W0 3 ,H 2 0, on the assumptions (1) that, after the stoicheiometrieal 


Table I. 


0-1095A7- 
HC1, c.c. 

Na 2 0 : W0 3 , 
mols. 

Curve A. 

£>h- 

Curve 13. 

Curve C. 

0 

1 

7*90 

8*00 

8-00 

11*4 

0*75 

7*30 

7*30 

7*2S 

22*8 

0*50 

6*65 

6*84 

6*62 

34*2 

0*25 

3*86 

5*0 

5*0 

39*9 

0*125 

2*49 

2*48 

2*58 

45*6 

0*0 

2*14 

2*12 

2*12 

50*0 

Excess HC1 

2*00 

2*00* 

1*93* 

60*0 

99 

1*77 

1*81* 

1*74* 

75*0 

99 

1*61 

1*61* 

1*60* 


* Some precipitation had taken place. 


amount of acid has been added, the hydrogen ions are due only to 
the excess of hydrochloric acid, and (2) that the tungstic acid 
liberated has no effect. Such an assumption seemed justifiable 
in view of the observations of Kargin (Kolloid-Z., 1929, 49, 281), 
who found that tungstic acid sols had p s values of 3*69 — 3*68. 
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Curve D was obtained with the quinhydrone electrode, and relates 
to the addition of 0T0951V'-hydrochloric acid to a volume 
95*6 c.c.) of solution equal to that of the solution in the original 
titration when exactly 2 mols. (45*6 c.c.) of hydrochloric acid had 
been added, and which contained the exact weight of sodiutn 
chloride that would have been formed if the reaction shown above 
had at that point been just completed. Typical data are given in 
Table II. Ageing and boiling had no great effect on the ^ values 
of the very acid solutions, in spite of the fact that the solutions to 
which more than 50 c.c. of hydrochloric acid had been added under- 
went partial precipitation of tungstic oxide. 


Table II. 


Corresponding 
vol. of HC1 for 
HC1, c.c. Curve A, c.c. 
4-4 50 

14*4 60 

24-4 70 

34*4 80 


3>h* 

JSFaCl + HClT CurveA. 
2*44 2*00 

2*00 1*77 

1*77 1*67 

1*67 1*58 


Difference, 
100 [H-]. 
0*64 
0*70 
0*44 
0*49 


Increasing the concentrations of the reactants had little effect on 
the reaction as indicated by data. One significant difference, 
however, occurred in the appearance of solutions containing more 
than 1*5 mols. of hydrochloric acid on boiling or ageing. Thus, 
when 0*55A r -hydrochloric acid and 0-250ilf-sodium tungstate were 
used, the solution became opalescent with 1*5 mols. and increased 
with more acid until coagulation ensued at 1*9 on ageing and at 
1-3 after boiling. The tungstic acid formed in these experiments, 
therefore, first exists in a perfectly clear solution, but on being 
boiled or kept, it undergoes very gradual precipitation. The 
surprising facts are that this precipitation has very little influence 
on the hydrogen-ion concentration, and further, that this concen- 
tration is greater than that which can be attributed to the excess of 
hydrochloric acid. It was suggested in the previous paper that the 
tungstic acid might possibly exist in the clear acid solution in a 
sub-colloidal form peptised by the hydrochloric acid. Were this 
the case, it would appear that a little hydrochloric acid would be 
either adsorbed by or chemically combined with the tungstic acid, 
and consequently the hydrogen-ion concentration of the acid 
solution would be slightly reduced. This is contrary to the facts. 
Nevertheless, the precipitation of the tungstic acid on standing 
suggests that it is colloidal ; so also does the fact that if an electro- 
lyte, such as potassium chloride, be included in the Sodium tungstate 
solution, precipitation occurs much more readily on addition of 
hydrochloric acid. 
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A series of electrometric titrations was made of solutions to 
which 25 c.c. of JV-potassium chloride had been added. The curves 
obtained were identical with A in Fig. 2 } but the solutions began to 
become, cloudy at the stage corresponding approximately with the 
formation of sodium metatungstate. Table III (col. 2) shows the 
Ph values relating to various additions of 0*535A T -hydrochloric acid 
to a mixture of 50 c.c. of 0-1M -sodium tungstate and 25 c.c. of 
-potassium chloride : since the amount of acid required for double 
decomposition is 18*7 c.c., the acid is in excess in every case. The 
third column, referring to the values of solutions containing the 


Table III. 


HC1, c.c. 

Pr, obs. 

Pr, obs. for 

NaCl + HC1 -f KC1. 

Pr, calc, for 
Na 2 0,5W0 3 formation. 

20 

1*58 

2*25 

1*56 

30 

1*23 

1*37 

1*12 

40 

1*00 

1*14 

0*94 

50 

0*70 

0*98 

0*83 


same amounts of potassium chloride, sodium chloride, and hydro- 
chloric acid, again shows that the tungstic acid solutions possessed 
enhanced hydrogen-ion concentrations. It should be emphasised 
that any possible influence caused by the potassium chloride was 
eliminated by the inclusion of this salt in all these solutions. 

(b) Conductometric method. The two conductometric titrations 
detailed in Tables IV and V illustrate the nature of the reaction 
taking place between sodium tungstate and hydrochloric acid in 
solutions of different concentrations. 

Table IV. 

100 C.c. of 0*005flf-Na 2 W0 4 H- 5 c.c. of 0*125i¥-NaOH titrated 
by 0*3247i¥-HCL 

Specific conductivities ( X 10 1 ) of 



K X 10* 


solutes. 


/< X 10* 

HC1, 

(obs.), 

^ 



„ 

(calc.), 

c.c. 

mhos. 

Na 2 W0 4 . 

NaCL 

HCI. 

rnbos. 

0 

24*4: 

10-0 

0 

— 

— . 

0*5 

22*5 

9*9 

1*9 

— 

— 

1*0 

20*5 

9*8 

3*8 

— 

— 

1*5 

. 18*7 

9*7 

5-5 

— 

— 

2*0 

17*3 

9*6 

7*3 

— 

16*9 

2*5 

17*3 

8*0 

7*4 

— 

15*4 

3*0 

17*3 

6*3 

10*8 

— 

17*1 

3-5 

17*3 

4*9 

12*4 

— 

17*3 

4*6 

17-7 

3*0 

14*1 

— 

17*1 

4-5 

19*6 

1*7 

15*7 

— ■ 

17*4 

5*0 

25*1 

0*04 

17*3 

— ■ ■ ■ 

17*3 

5*5- 

30*8 

. — — 

17*2 

5*4 

“ 22*6 - 

6*0 

36*1 

- ■ ■ 

17-1 

10*8 - 

27*8 

6*5 

42*2 

— 

17*1 

16*0 

x 33*1 . 



OF COMPLEX ACIDS. PART I. TUNGSTIC ACID. 1255 


Table V. 

100 C.c. of 0*05i!f-Na 2 W0 4 titrated by 3*247 Jf-HCl. 


HCI, c.c. ...... 

0 

0-4 

0*8 

1*2 

1*6 

2*0 

2*5 

K X 10 3 , obs. 

8*77 

8*77 

8*76 

8*75 

8*75 

9*13 

10*0 

k X 10 3 , calc. 

8-60 

9*96 

9*50 

9*80 

9*10 

9*10 

8*9 

HCI, c.c 

3-0 

3*2 

3*4 

3*6 

3*8 

4*0 

4*4 

k X 10 3 , obs. 

13*66 

15*82 

20*00 

22*42 

24*34 

26*52 

31*15 

K X 10 3 , calc. 

8*95 

9*60 

12*00 

14*30 

16*60 

18*90 

23*3 


.The curve illustrating Table IV is given in Fig. 3, and is seen to 
be in harmony with the potentiometric curves given in the previous 
paper and in Fig. 2 of the present paper. The sharp break at 1*93 
c.c. corresponds with the neutralisation of the free alkali. After- 
wards the conductivity does not begin to change appreciably until 
sufficient acid has been added to form the paratungstate in solution, 
whereupon a somewhat gradual increase occurs until 4*35 c.c. of 
acid have been added. At this point a sharp rectilinear increase in 
conductivity begins, and passes through the theoretical end-point 
at 5*01 c.c., i.e. 3 when the additional 3-08 c.c. calculated for the 
conversion of the sodium tungstate into sodium chloride have been 
added. The data in Table V give a similar curve. 

An attempt has been made to analyse these conductometric- 
titration curves on the assumption that the observed specific con- 
ductivity of a solution at any point in a titration is equal to the 
sum of the specific conductivities of the solutes at the dilutions in 
which they are present. For the purpose of calculation, the reaction 
between sodium tungstate and hydrochloric acid was regarded as 
taking place according to the equation on p. 1250, and the liberated 
tungstic oxide was assumed to contribute no conductivity to the 
solution. The data for sodium tungstate were extrapolated from 
the records of Walden ( Z . pJiysikal. Chem ., 1887, 1, 529), and those 
for sodium chloride and hydrochloric acid from the data given in 
Landolt-Bornstein’s “ Tabellen.” Tables IV and V give the cal- 
culated values of the specific conductivities so obtained. Table IV 
shows a satisfactory agreement between the calculated and observed 
values over the range of 2 — 4 c.c. of added acid; thereafter the 
observed values are considerably higher than those calculated on 
the assumption that free hydrochloric acid was present in the 
solution only after 5*01 c.c. had reacted. The character of the curve 
in Fig. 3 indicates that the free acid must have existed before that 
point, actually from 4*35 c.c. If this were so, it would appear that 
the sodium polytungstate formed at this stage behaved as if it were 
the salt of a strong acid and therefore was not decomposed by hydro- 
chloric acid. Such a possibility is not easily reconciled with the j? H 
values of tungstic acid sols. Similar conclusions may be drawn from 
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Table V, although it will be observed that, corresponding with 
additions of acid up to 2*0 e.c., the differences between the observed 
and calculated specific conductivities of these more concentrated 
solutions are somewhat greater than in Table IV. Although the 
theoretical end-point in this case is at 3*08 c.c., the considerable 
discrepancies appeared at 2*5 c.c. 

It may be argued, that, in the first stages of these titrations, the 
tungstic acid immediately combines with the undecomposed sodium 
tungstate to form a polytungstate. This appears to be the case, at 


Fig. 3. 



HCI* c.c. 

any rate until the Solute has acquired the composition of sodium 
metatungstate (5fa 2 0,4W0 3 ), as may be seen from Table VI. This 
table gives the specific conductivities (k x 10 3 ) of solutions of 
sodium tungstate, paratungstate, and metatungstate at various 
dilutions as calculated from the data of Walden (too. tit.), Rosen- 
heim (Z. anorg. Ckem., 1916, 96, 139), and Soboleff (ibid., 1896, 
12, 16) respectively. The dilutions refer to the volumes in litres 
containing 1 g.-atom of sodium. 

- Table VI. . . , . . 


Dilution. 32. 64. 128. 256. 512. 1024. 

Normal tungstate ...... 2*80 1*49 0*78 0*40 0*21.; Ml 

Paratungstate 2*14 1*25 0*70 0*39 0*21 0*12 

Metatmsgsfate 2*80 1*54 0*84 0*46 ©*24 0*13 
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These figures reveal that the introduction of tungstic acid into a 
solution of sodium tungstate results in a comparatively small 
change in conductivity, probably owing to the ionisation of the 
polytungstates being similar to that of the normal tungstate, thus : 
]STa 2 [0(W0 3 )J ^= 2 = 2Na‘ + [0(W0 3 )J". It appears probable, in 
view of inflexions in the potentiometric and conductometric curves 
occurring when approximately 1*5 mols. of hydrochloric acid have 
been added to 1 mol. of sodium tungstate, in which case x = 4, that 
a polytungstate is formed very soon afterwards which behaves as a 
salt of a strong acid, and therefore resists reaction with further 
hydrochloric acid and thus remains in solution as such, imparting 
increased hydrogen-ion concentration and specific conductivity to 
the solution. Such a view seems feasible when it is remembered 
that tungstic acid sols, prepared by the prolonged dialysis of solu- 
tions of sodium tungstate to which an excess of hydrochloric acid 
has been added, contain an appreciable amount of sodium oxide 
(compare Graham, Proc. Boy. Soc., 1864, 13 , 340; Saban^eff, Z. 
anorg. Chem ., 1897, 14 , 354 ; Biltz and Vegesack, Z . physikal. Chem. } 
1910, 68, 376). If it be assumed that such a sodium polytungstate 
is formed in these conductometric titrations at the points at which 
the sudden increases in conductivity begin, viz., at 4*35 c.c. in the 
first titration and 2*42 c.c. in the second, and that the conductivities 
then prevailing remain constant as far as the complex tungstate 
and sodium chloride in the solution are concerned, then the increases 
in conductivity caused by subsequent additions of hydrochloric 
acid will be due entirely to the added acid. It happens that in 
both cases the complex tungstate formed at this stage corresponds 
with Na 2 0,5W0 3 . It will be seen from Fig. 3 that the specific 
conductivity due to it and the sodium chloride is 17*4 x 10 -4 mho. 
To test this view, the specific conductivities of the supposed excesses 
of hydrochloric acid in the various dilutions were calculated and 
added to the observed conductivity at the point when the limiting 
complex tungstate was considered to be formed. Table VII, giving 


Table VII. 


Titration. 

HC1, c.c. 

Dilution of 
HC1 (litres). 

Specific conductivity X 10 s , 
obs. calc. 

I 

5-0 

521 

2*51 

2*61 


5*5 

296 

3*07 

3*20 


6*0 

207 

3*61 

3*78 


6*5 

160 

4*22 

4*35 


7*5 

110 

5*09 

5*48 

II 

3*4 

35*4 

20*0 

20*5 


3*8 

24*6 

24*3 

25*0 


4-2 

18*9 

28*6 

29*4 


4*4 

16*9 

31*2 

31*5 


TJU 
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the observed and calculated conductivities of the acid solutions in 
the two titrations, supports this hypothesis. 

It was decided to test whether this idea would account for the 
increased acidity of solutions of sodium tungstate to which an excess 
of hydrochloric acid had been added. If the complex Na 2 0,5W0 3 
were formed in the course of the potentiometric titration (Fig. 2), 
then the amount of acid added in excess of 86*5 c.c. would determine 
the hydrogen-ion concentration. The following table has been 
compiled on this basis, it being assumed that the hydrochloric was 
completely ionised. 


HC1, c.c 40-0 50-0 60-0 70-0 80*0 

ps., obs. 2*49 2*00 1*77 1*67 1*58 

calc 2*37 1-83 1*63 1*51 1*44 


The agreement is not entirely satisfactory, although comparison 
with the data given in the third column of Table II shows that 
the hypothesis accounts for much of the increased hydrogen-ion 
concentration. It also explains the difference in p R found in the 
potassium chloride experiments (see Table III). 

Boiling and ageing of acid tungstate solutions had no effect on 
their specific conductivity, but had slight effects on those solutions 
in which insufficient acid had been added to form the complex. 
This is in accordance with the p H observations. 

Reaction between Sodium Tungstate and Weak Acids. — As typical 
acids, phenylacetic and acetic were chosen, but since the published 
values of the dissociation constant of the former acid had been 
obtained from conductivity data, it was considered advisable to 
redetermine its value at 18° by means of the hydrogen electrode. 


NaOH, c.c. ... 7*5 12*5 15*0 20-0 23*0 25*0 27*5 

p K 3*73 4-04 4*18 4*45 4*68 4-7S 4*95 

K a X 10 s 5*51 5*48 5*44 5-34 5*38 5*54 6*30 


Mean K a = 5*4 X 10” 5 . 

The following p R values of various points on the titration curve of 
50 c.c. of 0*0667JV-phenylacetie acid with 0-0980A 7 - sodium hydroxide 
were confirmed by the E.M.F. obtained with the quinhydrone 
electrode. Previous values at 25° range from 5*0 — 5*45 X 10~ 5 
(Ostwald, Z. physikal. CTiem 1889, 3, 369 ; Dittrich, J. pr. Ghem. } 
1896, 53, 368; White and Jones, J. Amer. Ohem. Soc ., 1910, 44, 
197). 

Fig. 4 gives the titration curves of 50 c.c. of O-OSJU-sodium 
tungstate solution with 0*0667 N -phenylacetic acid and with 
0*0936iV-acetic acid solution. The upper curves represent the p K 
values which would have been established if the sodium tungstate 
had been entirely converted into the sodium salts of the weak acids 
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when the stoicheiometric amount of the respective acids had been 
added, and if, thereafter, the curves represented the p K values of 
weak acid solutions buffered by the sodium salts, it being assumed as 
before that the tungstic acid set free had no effect on their hydrogen - 
ion concentrations. It is seen that the initial parts of the curves' 
indicate a buffered action in the same p K zone as when hydrochloric 
acid was used. The lower p R values assumed by the two solutions 
soon after 1 equiv. of acid had reacted prove that, some time before 
the 2 mols. of weak acid had been added, a sodium polytungstate 
must have been formed which behaved as the salt of strong acid 


Fig. 4. 



and was in consequence undecomposable by weak acids. If it be 
considered that this particular sodium polytungstate is formed very 
soon after the inflexions have occurred, say at 50 c.c. (EE 1-33 
equivs.) of phenylacetic acid, and 35*6 c.c. (EE 1*33 equivs.) of acetic 
acid, then it is easy to calculate what p R values would be set up by 
the added acids in the presence of the amounts of salts of the 
respective weak acids formed in the production of the complex 
tungstate. Tables VIII and IX give (1) the p a values of the acid 
solutions in the two titrations, (2) those which would have been set 
up if the sodium tungstate had been completely decomposed, 
liberating tungstic oxide, and (3) those calculated on the basis that 
the polytungstate formed which resisted the attack of these acids 

was Na 2 0,3W0 3 . 

* 
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Table VIII. Table IX. 

Phenylacetic acid ; j£ a =5*4 x 10" 5 . Acetic acid ; X a — 1*8 x 10~ 5 . 


Acid, 

Pk 

Pk 

Pk 

Acid, 

Pk 

Pk 

Pk 

c.c. 

(1). 

(2). 

(3). 

c.e. 

(1)* 

(2). 

(3). 

60 

4-81 

— 

4*97 

50 

5*11 

— 

5*14 

70 

4-59 

— 

4*67 

60 

4*91 

5*65 

4*91 

80 

4-46 

5*49 

4*49 

70 

4*79 

5*25 

4*76 

90 

4-35 

4*97 

4*36 

80. 

4*68 

5*05 

4*65 

100 

4*26 

- 4*74 

4*27 

90 

4*65 

4*91 

4*56 

110 

120 

4*20 

4*11 

4*59 

4*48 

4*19 

4*12 

100 

4*56 

4*80. 

4*49 


In both tables the figures given in the second and fourth columns 
are in remarkably good agreement. It is fairly certain, therefore, 
that the cause of the non-precipitation of tungstic oxide from dilute 
acid solutions is to be traced to the existence of sodium poly- 
tungstate, probably in the form of a colloidal electrolyte, e.g., 
2Na # + [0(W0 3 )J", in which the anion contains much tungstic 
oxide that is perhaps in a molecularly polymerised form, or, more 
probably, in a negatively charged colloidal micelle. One difference 
between the action of a strong and a weak acid lies in the extent to 
which the normal tungstate is decomposed before it can exist in a 
solution containing an excess of an acid. When hydrochloric acid 
was used, the polytungstate shown to be present in acid solution 
had approximately the composition Na 2 0,5W r 0 3 , whereas that 
present in solutions of the weak acids corresponded to Na 2 0,3W0 3 . 
Much less decomposition had thus occurred. 

These observations throw much light on the methods which 
have been adopted to prepare various polytungstates. Thus, Lefort 
(Compt. rend., 1876, 82, 1182; Ann . Chim. Phys., 1876, 9, 98) 
prepared Na 2 0,3W0 3 ,4H 2 0 by crystallising an aqueous solution of 
the precipitate obtained by pouring a solution of sodium tungstate 
into one of boiling acetic acid. Wells (J. Amer. Chem. Soc., 1907, 
29, 112) and Gibbs (Proc. Amer. Acad., 1880, 15, 1) both obtained 
Xa 2 0,2-5W0 3 from cold acetic acid solutions of sodium tungstate. 
By the use of solutions of strong acids (hydrochloric and nitric), 
substances considerably richer in tungstic oxide have been pre- 
pared. According to Ullik ( Sitzungsber . Wien Akad ., 1867, 56, 
157 ; J. pr. Chem., 1868, 103, 147) and Leontowitsch (J. j Russ. Phys. 
Chem. Soc., 1905, 37, 130) respectively, N a 2 0,8W 0 3 , 12H 2 0 and 
Xa^OjfiW 0 3 ,15H 2 0 may thus be prepared. The fact that these poly- 
tungstates. may be obtained from acid solutions furnishes remarkable 
support to the conclusions drawn from the foregoing experiments. 

It was suggested on p. 1257 that the sodium polybungstates con- 
taining more tungstic oxide than the metatungstate behaved as 
if they were the salts of a strong acid, in that they were not easily 
decomposed by hydrochloric acid. The mode of ionisation of such 
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an acid cannot be confirmed by direct experiment on account of 
the insolubility of tungstic oxide. Dumanski, Buntin, Dijatsch- 
kovski, and Kniga {Kolloid-Z., 1926, 38, 208) studied the reaction 
between sodium tungstate and hydrochloric acid by means of 
conductivity and cryoscopic measurements. They considered that 
the rapid increase in conductivity and the abnormal depression of 
the freezing points (greater than would have been expected if 
colloidal tungstic acid had been liberated), which occurred after 
approximately 14 equivs. of hydrochloric acid had been added, 
indicated that tungstic acid was being set free as an ionised semi- 
colloid. Although this interpretation at first sight may appear to 
be convincing, it is felt that the hypothesis now advanced is the 
true one, especially as it affords an explanation of the methods 
adopted to prepare various polytungstates having high acid content. 

The p R values of Kargin’s ( loc . cit.) tungstic acid hydrosols do not 
give any indication of dissociation of the order that would be 
necessary to impart to the solution the conductivity observed. It 
appears probable, on the basis of observations described in this 
paper, coupled with those of Sabaneeff {loc. cit.) and Biltz and Vege- 
sack {loc. cit.), that dialysis, even when prolonged, does not cause all 
the sodium to be removed from the colloidal solution, that Kargin’s 
tungstic acid hydrosols contained a little sodium, and that this 
sodium was positively charged and the tungstic acid was present as 
a negatively charged micelle. If the structure and stability of 
tungstic acid sols, prepared by dialysis of acidified solutions of sodium 
tungstate, can thus be accounted for, then it appears that the p K 
values of such sols are caused by the hydrogen-ion concentration of 
the sodium polytungstate they contain. 
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CLXIL — Physicochemical Studies of Co?nplex Acids . 
Part II. Vanadic Acid. 

By Hubert Thomas Stanley Britton and Robert Anthony 

Robinson. 

A number of alkali-metal vanadates have been described and have 
generally been prepared either by fusion of carbonates with vanadium 
pentoxide or by crystallisation of solutions containing various 



1262 BRITTON AND ROBINSON : PHYSICOCHEMICAL STUDIES 

amounts of acid or alkali. Vanadates are said to exist having the 
general formula 7tNa 2 0,V 2 0 5 ,a;H 2 0, where n = 3,2, 1, §, 4, 4, f-, §, 4, 
etc. Nevertheless, little work has been done on the constitution 
of alkali vanadates in solution, the most comprehensive investig- 
ation being that of Diillberg (Z. physikal. CJiem., 1903, 45, 129), 
who studied the conductometric titration of sodium ortho vanadate 
solutions with hydrochloric acid under various* conditions, deter- 
mined the freezing-point depressions of different vanadate solutions, 
and postulated the existence in solution of a hexavanadic acid, 

h 4 v 6 o 17 . 

Since the addition of the slightest quantity of acid to a sodium 
orthovanadate solution produces a yellow coloration, it is inter- 
esting to note that while the ortho-, pyro-, and meta-salts are white 
or a faint- yellow, the higher vanadates are orange or red. Thus, 
Na 2 0,2V 2 0 5 ,9H 2 0 has been obtained in orange-red crystals (von 
Hauer, Sitzungsber. Akad. Wien , 1856, 21, 337 1860, 39, 455), 
and on being heated on the water-bath gives the metavanadate 
and Na 2 0,3V 2 0 5 (Norblad, Acta Lund Univ., 1874, 2, 1). Norblad 
also isolated orange-red ciystals of 2Na 2 0,3V 2 0 5 ,ldII 2 0, which 
Rammelsberg (Wied. Ann., 1883, 20, 938) obtained with 16H 2 0. 

Conductometric and potentiometric titrations of sodium vanadates 
and vanadic acid are now described, and the results are explained 
on the -hypothesis that vanadium tends to form a heavy molecule, 
on the border-line between a true solute and a colloidal micelle, 
and corresponding to Na 2 0,2V 2 0 5 or Na 2 0,3V 2 0 5 . 

. . Experimental. 

Nomenclature. — There is considerable confusion as to a suitable 
nomenclature for the large number of compounds of the alkali 
oxides with vanadium pentoxide. The use of the prefixes “ ortho,” 
“ pyro,” and “ meta ” for three of the. vanadates stresses a false 
analogy between them and the phosphates and, moreover, tends 
to single out three of the vanadates from others of equal or greater 
importance. We therefore propose in this and succeeding com- 
munications to designate an alkali vanadate by a prefix denoting 
the ratio of M 2 0 to V 2 0 5 (M = alkali metal) ; thus sodium ortho- 
vanadate becomes the 3 : 1 -vanadate, the pyro-salt becomes the 
2 : 1-vanadate, and the compound Na 2 Q,2V 2 0 5 will be called the 
1 : 2-vanadate. 

A. Conductometric Titrations . 

1. Direct, Titration of Sodium 3 : 1 -Vanadate. — Vanadium pent- 
oxide dissolves slowly in cold sodium hydroxide solution giving a 
clear yellow solution, whose colour disappears on standing for some 
time. If, however, the pentoxide be dissolved in b oiling sodium 
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hydroxide: solution, a clear colourless solution is immediately 
obtained. Such a solution may also be prepared by treating ammon- 
ium metayanadate with hot sodium hydroxide solution. In view 
of the different appearance of the solutions obtained by various 
methods of preparation, it was of interest to see if the behaviour of 
the vanadate solutions towards hydrochloric acid could be in any 
way correlated with their method of preparation. 

For this purpose solutions of the sodium 3 : 1 -vanadate were 
prepared in the following ways and titrated conductometrically 
with hydrochloric acid at 25° : (1) Ammonium metavanadate, 

NH 4 V0 3 , was boiled with the stoicheiometrical quantity of sodium 
hydroxide solution, a current of carbon dioxide-free air being 
drawn through the solution. (2) Vanadium pentoxide was boiled 
with the calculated amount of sodium hydroxide solution. Both 
these solutions were colourless. (3) Vanadium pentoxide was 
dissolved in the same amount of cold sodium hydroxide solution; 
this solution was yellow. (4) Solution (3) was kept for 48 hours, 
and had then become colourless. In all cases, the solutions were 
0*00 5M with respect to NagV0 4 . Solutions (1) and (2) were titrated 
directly with 0*1 N-, and (3) and (4) with G-O^Si^-hydrochloric acid, 
the liberation of the vanadic acid according to the equation 
2Na 3 V0 4 + 6HC1 — V 2 0 6 ,3H 2 0 + 6NaCl corresponding to 15*0 
c.c, in the first two cases and to 16*1 c.c. in the last two. The 
specific conductivities, k 3 at different titres are given in Table I. 

Table I. 


Specific conductivities (k x 10 3 ) of 100 c.c. of 0*005M-Na 3 V0 4 
prepared in different ivays and titrated directly with HC1. 


Na a O : V 2 O s = 

3 : 1 

2*5 : 1 

2 : 1 

1-5 : 1 

1 : 1 

0*5 : 1 

0*25 : 1 

0 : 1 

Soln. 1 

2*14 

1*92 

1*72 

1*58 

1*54 

1*58 

1*73 

1*98 

„ 2 

2*13 

1*92 

1*73 

1*57 

1*53 

1*5S 

1*73 

2*01 

» 3 

2*14 

1*93 

1*74 

1*56 

1*52 

1*61 

1*78 

2*06 

„ 4 

2*09 

1*88 

1*68 

1*53 

1*49 

1*54 

1*75 

2*00 


Continuation of titraiion of Solution 2 beyond liberation of vanadic 
acid at 15 c.c. of HC1 : 

HOI, c.c. ... 15 16 17 18 19 20 21 22 23 24 25 
* X 10 3 2-01 2*20 2-46 2*74 2*97 3*19 3*45 3*68 3*91 4*14 4*34 

Table I indicates that all the vanadate solutions reacted with 
hydrochloric acid in the same way, irrespective of the manner in 
w r hich they were prepared. The small differences between the 
conductivities of Solutions 3 and 4 may perhaps be ascribed to the 
disappearance of the yellow colour on ageing. When the , results 
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are plotted, curves are obtained very similar to Curve C (Fig. 1), 
which will be discussed later. 

2. Effects of Ageing and Boiling . — In view of the remarkable 
observation of Dullberg (loc. cit .), that the conductivity of solutions 
of sodium 3 : 1 -vanadate, to which varying quantities of hydro- 
chloric acid had been added, underwent a change on standing, we 


Fig. 1. 



have repeated and confirmed his experiments. In addition, we 
have investigated the effect of boiling such solutions. Three series 
of experiments were performed; a series of solutions, 100 c.c. in 
volume and 0-005 M with respect to Na 3 V0 4 , were prepared con- 
taining 0-1 ^-hydrochloric acid in various quantities from 0 to 15 c.c., 
and their conductivities were measured (a) immediately, and 
(b) after they had stood for six days; a similar series of solutions 
Was boiled and the conductivity then measured {c) at 25°. " , : 
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In all cases, the addition of even the slightest amount of acid to 
a colourless vanadate solution produced a yellow coloration, which 
increased in intensity with addition of hydrochloric acid until about 
half the amount required to liberate H 3 V0 4 had been added, i.e., 
7 or 8 c.c. Boiling the coloured solutions decolorised those con- 
taining 10 c.c. of hydrochloric acid or less, and ageing decolorised 
those containing 8 c.c. or less. The results of these experiments 
are given in Table II and shown graphically in Fig. 1. 

Table II. 


Specific conductivities of 100 c.c. of 0*005M-Na 3 V0 4 containing 
x c.c. of 0-1N-HC1, (a) immediately , (b) after standing for 
6 days , (c) boiling, after addition of acid. 


X 

0 

1 

2 

3 

4 

5 

6 

7 ' 

Na a 0/V 2 0 5 

3 

2*8 

2-6 

2-4 

2*2 

2 

1*8 

1*6 

k X 10 s (a) 

2-15 

2-08 

1*97 

1-87 

1*79 

1-7.0. 

1*62 

1*58 

( b ) ....... 

2*15 

2-03 

1-93 

1*83 

— 

1*65 

1*65 

1*65 

(O) 

2*09 

2-00 

. — 

1*76 

— 

— 

— . . 

1*64 

x 

8 . 

9 

10 

11 

12 

13 

14 

15 

Na a O/V 2 0 5 ....... 

1*4 

1*2 

1 

0*8 

0*6 

0*4 

0*2 

0 

* X 10 8 (a) 

1*60 

1*61 

.1*62 

1*67 

1*71 

— 

1*91 

2*23 

(*) 

1-68 

1*70 

1*71 

1*73 

1*78 

1*80 

2*01 

2*31 

(<=) 

— 

1-70 

1-70 

— 

1*75 

1*78 

— ' 

2*30 


The results of the first experiment (Curve C) are almost identical 
with the direct titrations described above, the small difference being 
due to the dilution of the solution in the course of the former titration. 
No break appears in the curve corresponding to a 2 : 1- or a 1 : 1- 
vanadate. The effect of ageing is shown in Curve D. The effect 
of boiling is almost identical, as will be seen from the data in Table II. 
A break occurs at a point corresponding with the 2 : 1 -vanadate, 
and another which approximates to the 1 : 3- vanadate. These 
breaks are shown more clearly by Curve G, constructed by sub- 
tracting from the total conductivity of the solution that due to the 
sodium chloride formed. Thus, Curve G represents the conduc- 
tivity of the solution due to the vanadate at different points. 
For comparison, the titration curves of a potassium chromate (A) 
and a sodium phosphate (B) solution are shown on the same graph, 
but the scale of the conductivity axis has been moved. Breaks 
are found in these curves corresponding with KHCr0 4 , Na 2 HP0 4 , 
and NaH 2 P0 4 , and it is evident that the vanadate curves are 
anomalous. 

3. Titration of the Sodium 1 : 1 -Vanadate. — Curves C and D of 
Fig. 1 show that the variation of conductivity during titration with 
hydrochloric acid of a solution corresponding in composition with 
tihe 3 :1 -vanadate depends on whether the measurement is .made 
immediately, or after boiling or ageing, after each addition of acid. 
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In order to study this matter further, a solution was prepared of 
the 1 : 1 -vanadate by boiling the pentoxide with the calculated 
amount of sodium hydroxide solution. The vanadium content was 
the same as in the previous experiments. 100 C.c. of the solution 
were then titrated directly with 0 • 1 J\ r - hydrochloric acid ; the 
conductivities found were as follows, the corresponding curve being 
F (Fig. 1), which starts at 10 c.c. : 

HC1, c.c 0 1 2 3 4 5 6 7 

* X 10® 0-544 0-550 0-562 0-573 0*657 0-935 1-38 1-61 

Since the initial conductivity of this solution is due entirely to 
the 1 : 1 -vanadate, we should expect it to agree with the conductivity 
of the corresponding solution in Curve D, after correction has been 
made for the sodium chloride in the latter. Satisfactory agreement 
is obtained. Moreover, if from Curve F we subtract the conduc- 
tivity of the sodium chloride formed during the reaction, a curve 
is obtained identical with the latter part of Curve G. 

4. Titration of the Sodium 2 : 1 -Vanadate . — In a similar manner, 
100 c.c. of a 0*005 M -solution corresponding in composition with 
the 2 : 1 -vanadate (Na 2 HV0 4 ) were prepared and titrated with 
O-lI^-hydrochloric acid (see Curve E, Fig. 1, starting at 5 c.c.) : 

Fig. 2. 



e-e- 0 12 3 4 5 6 7 8 9 10 11 

« X 10 s 1-01 1-03 1-03 1-03 1-04 1-05 I-Ofi 1-07 M2 1-34 105 
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Again, satisfactory agreement was obtained between the initial 
conductivity of this solution and that of the solution in Curve D 
corresponding with 5 c.c. of hydrochloric acid when corrected for 
the conductivity of its sodium chloride. Also, if correction is made 
in Curve E for the sodium chloride formed, giving Curve H, the 
resulting conductivities are only slightly lower than those in 
Curve G. 

Since Curves E and E relate to a direct titration of the 2:1- and 

1 : 1 -vanadate solutions respectively, it would appear that no 
influence of boiling or ageing on the solutions of Curves D and C 
should appear beyond the point relating to 5 c.c. of hydrochloric acid. 
To check this deduction, a solution of 100 c.c. of 0 * 005 M -N a 3 V 0 4 
was treated with sufficient hydrochloric acid to form the 2:1- 
vanadate, and boiled. It was then titrated directly with 0*0933 A- 
acid without further boiling on addition of acid. A curve was 
obtained almost identical with that portion of Curve D beyond 
5 c.c. of added acid. 

We also showed that a solution of the 2 : 1 -vanadate, prepared by 
dissolving the pentoxide in cold sodium hydroxide solution, and 
titrated directly with hydrochloric acid, gave a curve only slightly 
lower than Curve E in Eig. 1 and identical with it in form, although, 
unlike the above, this solution was yellow in colour. 

It is therefore concluded that boiling or ageing effects are only to 
be obtained with solutions less acid than the 2 : 1 -vanadate, although 
the effect of omitting the boiling or ageing operation with such 
solutions may be apparent in the . subsequent titration after the 

2 : 1- vanadate stage is passed. 

. 5. Effects of Boiling on Solutions between the 3 : 1- and the 2:1- 
Vanadate. — Since boiling or ageing has little or no influence on 
solutions of the 2 : 1 -vanadate, but considerable effect on the 

3 : 1 -vanadate, an experiment was carried out with solutions 
intermediate between these two vanadates. To four portions of a 
solution of the 3 : 1-vanadate, x c.c. of 0 • 0933 -hydrochloric acid 
were added, where x = 0 , 1 , 3-25, and 5*40 c.c. respectively. Each 
solution was boiled, diluted to 100 c.c. and 0*005 M with respect to 
the vanadium content, and titrated directly, without any subsequent 
boiling, with acid of the same concentration. 

The conductivities found are shown in Table III and plotted in 
Eig. 2. The initial broken-line curve corresponds to the boiling 
effect shown in Curve D in Eig. 1. This experiment shows that 
initial boiling of solutions between the 3 : 1- and the 2 : 1 -vanadate 
lowers their conductivity, but on direct titration they tend to revert 
to a curve of the type C of Eig. 1. Initial boiling of a solution corre- 
sponding.with the 2 ; 1-vanadate leads, however, on titration with 
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Table III. 

Specific conductivities of 100 c.c. of (a) 3 : 1-, (b) 2*8 : 1-, (c) 2*35 : 1-, 
(d) 2:1 -vanadate, boiled initially and titrated directly with 
0-0933N-HC1. 


Na a O:V 2 O s ... 

3:1 2*8 : 1 2*35 : 1 

2 : 1 

1*5: 1 

1 : 1 

0*5 : 1 

0: 1 

k X 10 3 (a) 

2*17 2*10 1*89 

1*73 

1*55 

1*54 

1*60 

2*21 

(b) 

— 2*02 1*86 

1*71 

1*56 

1*54 

1*60 

2*21 

(C) 

— — 1*78 

1*64 

1*57 

1*56 

D62 

2*21 

(d) 

— — — 

1*61 

1*62 

1*64 

1*66 

2*30 


acid, to a different type of curve, identical in form with Curve D 
of Pig. 1, which was obtained by boiling the solution after each 
addition of acid. 

Fig. 3. 



0 10 20 30 40 


C.c. of Ba(OH) 2 * 


Alkali, c.c. 

0. 

2. 

4. 

6. 

10. 

15. 

19. 

/c X 10® (a) 

2*30 

1*96 

2*10 

2*50 

3*20 

4*03 

4*70 

(6j ....... 

2*26 

2*04 

2*04 

2*02 

1*98 

1*93 

m 

(o) 

2*28 

2*05 

1*88 

. 1*81 

2*01 

2*23 

2*38 

<<*) 

1*78 

1*95 

2*34 

2*61 

3*39 

4*16 

4*84 


6. Titration of V anodic Acid with Alkalis . — The effect off hydro- 
chloric acid on vanadate solutions having been detefc&ined, ifee 
reverse titration of vanadic acid with alkalis was investigated. 
0 *005 Jf - V anadic acid (S 3 V0 4 ) was formed by the addition of hydro- 




OF COMPLEX ACIDS. PART II. VAXADIC ACID. 1269 

chloric acid to the 3 : 1-vanadate and 100 c.c. were titrated with (a) 
OdA'-sodium hydroxide, (b) 0*1023A-ammonia, and (c) 0*0487 
A- baryta. Also (d) 100 c.c. of a solution corresponding with the 
minimum conductivity in Curve G- of Fig. 1 (i.e., prepared by 
diluting a mixture of 13 c.c. of 0*lA-hydrochloric acid and 25 c.c. 
of 0-023f-Na 3 V0 4 ) were titrated with 0-lA-sodium hydroxide. 
The conductivities are given above and are plotted in Fig. 3, the 
Curve D starting from 2 c.c., because 13 c.c. of 0-lA-acid were used 
in making up this solution, whereas 15 c.c. would have been required 
to give H 3 V0 4 (see Fig. 1). 

The first part of the curve, in all three cases, consists of a sharp 
drop, corresponding with the neutralisation of some excess acid; 
in the sodium hydroxide titration, the curve then rises regularly, 
showing no break which could be attributed to the 1 : 1-, 2 : 1-, or 
3 : 1 -vanadates. 

The slow fall in the ammonium hydroxide curve is to be explained 
by the gradual dilution of the solution, which is more than sufficient 
to counterbalance the conductivity due to the ammonium hydroxide 
added ; moreover, the ammonium chloride exerts a buffering effect. 
The baryta curve resembles that for sodium hydroxide, and a similar 
explanation applies, although here there is the added complication 
of a precipitation of a barium vanadate, which appears slowly 
during the course of the titration. 

B. Potentiometric Titrations . 

An attempt has been made to follow the course of the titration 
of sodium 3 : 1-vanadate with hydrochloric acid potentiometrically. 
In a 0*005Jf-]$ra 3 V0 4 solution, the hydrogen electrode was found to 
give steady, reproducible potentials, the E.M.F. in eight deter- 
minations varying only between — 6-948 and —0-950, measured 
against the normal calomel electrode. This corresponds to p H 11*65 
and [OH'] = 0*0045 A, indicating 30% hydrolysis. The cell used 
was H 2 (Pt) |0*005Af -Na 3 V0 4 [sat .KClj 1 -0 A -KCl,Hg 2 Cl 2 |Hg. On 
titration of the solution with 0* 1 A -hydrochloric acid, the electrode 
ceased to give satisfactory results : it showed a slight but steady fall in 
potential up to 13 c.c., but then became very erratic, the E.M.F . 
falling rapidly. A typical titration is illustrated in Fig. 4. That 
reduction was proceeding, at any rate in the more acid solutions, 
was evident from their blue colour after hydrogen had been passing 
for a short time. 

Titration with the oxygen electrode also yielded unsatisfactory 
results. As is well known, this electrode does not give reproducible 
readings even under favourable conditions ; it was therefore cali- 
brated against the value of — 0-950 volt, obtained for the hydrogen 
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electrode in 0*005Jf-Ka 3 V0 4 solution, and tlieii afforded qualitative 
results, as may be seen from a typical curve in Fig. 4 ; in agreement 
■with the hydrogen electrode, there is no sharp fall, but a consider- 
able lowering of the p R of the solution in the region of the 1 : 2-, 
1 : 3-, and 1 : 4-vanadates. 

Attempts were made to use the quinhydrone electrode in the 
titration of vanadic acid solutions with alkali. Its behaviour was 
very erratic, however, a fact which is not surprising in view of the 
closeness of the normal reduction potential of quinone-quinol to 
that of quinquevalent-quadrivalent vanadium. 



Discussion. 

The foregoing experiments may be summarised as follows : The 
sodium 3 : 1 -vanadate, when titrated directly with- hydrochloric 
acid, shows but little analogy with the formally similar phosphate 
(compare Curves B and C, Fig. 1) : while the phosphate shows 
breaks corresponding with the primary and secondary salts, the 
vanadate has a continuously varying conductivity, although, when 
allowance is made for the conductivity due to the sodium chloride 
in the solution, a break appears at a point corresponding with 
13/Ioths decomposition. If these solutions are boiled or aged 
after each addition of acid in the course of the titration, the nature 
of. the curve changes, a break being obtained at the 2 : 1 -vanadate 
and, according to Dullberg (foe. cit.), in the more concentrated 
solutions, at the 1 ; 1- vanadate. The main divergence from the 
phosphate analogy, however, lies in the break at 13/15ths decomposi- 
tion, which appears in all the titrations. These boiling (or ageing) 
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effects are not operative in all vanadate solutions. Solutions of the 
3 : 1-vanadate, when titrated directly with acid, follow what we 
may term the “ abnormal ” smooth curve, typified by C in Fig. 1. 
If these solutions are boiled after every addition of acid until the 
2 : 1-vanadate is reached, another type of curve, exemplified by 
D in Fig. 1, which we will call the* “ normal 55 type, is obtained. 
Boiling a solution corresponding to the 2 : 1 -vanadate, or a more 
acid vanadate, produces no change in its titration with hydro- 
chloric acid. Omission of the boiling operation at any stage previous 
to the 2 : 1 -vanadate, however, results in the solution reverting to 
the u abnormal ” curve on further titration. 

Direct titration by alkali of a solution corresponding with vanadic 
acid shows no evidence of salt formation corresponding to the 
1 : 1-, 2 : 1-, or 3 : 1-vanadates. 

Potentiometric titration of the 3 : 1 -vanadate with hydrochloric 
acid, using the hydrogen electrode, indicates that there is a steady 
fall in from 11*65 in the 3 : 1-vanadate solution to about 8*4 
when 13/15ths of the decomposition is complete, after which the solu- 
tion rapidly becomes acid. 

Diillberg explained his titration curves by postulating a hexa- 
vanadic acid, H 4 V 6 0 17 (i.e., 3V 2 0 5 ,2H 2 0). At the point corre- 
sponding to 12-5/15ths of the decomposition, he supposed that the 
monohydrogen salt of this acid was formed, viz., HNa 3 V 6 0 17 or 
!SFa 2 0,2V 2 0 5 ,pi 2 0, and that the ion HV 6 0 I7 '" did not readily dis- 
sociate. In this way he accounted for the decomposition apparently 
ceasing at 5/6 ths of the expected titration. 

Against this hypothesis it must be urged that only a small number 
of vanadates can be derived by simple substitution of hexavanadic 
acid. Moreover, our figures tend to show that the break occurs 
somewhat beyond 5/6ths of the decomposition. 

By subtracting the conductivity of the sodium chloride from that 
of the sodium vanadate-sodium chloride mixtures, as in Curves G 
and H of Fig. I, an estimate can be made of the minimum conduc- 
tivity ; averaging these values from eight experiments, we estimate 
this conductivity to be 0*00029 mho, the minimum value occurring 
at 12*83/15ths of the acid required to liberate vanadic acid ; in all 
cases the solution was 0*0051f with respect to vanadium. This is a 
surprisingly low conductivity, indicating a very heavy molecule, 
i.e., polymerisation. 

A more feasible, and at the same time a more fruitful, hypothesis 
is to postulate the existence of a complex with a high V 2 0 5 : Na 2 0 
ratio, corresponding with 12*85 c.c. of hydrochloric acid. Such a 
complex would have the approximate composition Na 2 0,2V 2 0 5 or 
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Na 2 0,3V 2 0 5 , but as we shall show that this can only exist in a poly- 
merised form, it would appear to be on the border line between a 
true solute and a colloidal micelle, and consequently a simple ratio 
between Na 2 0 and V 2 0 5 is not to be expected. 

Such a complex could easily give rise to a series of salts by addition 
of small amounts of acids and evaporation, especially as it is by no 
means certain that many of these more complex vanadates are of 
definite chemical composition. 

Now, Dullberg has shown that a solution, 0-1 M with respect to 
vanadium, and corresponding with 12*5 c.c. of hydrochloric acid in 
our graph (Fig. 2), has a freezing point of —0*0751°. For a solution 
of 0*lJf-ipSTa 2 oiY 2 O 5 ) .we should expect a depression of —0*186° 
if the solution were un-ionised ; for a doubly polymerised molecule 
we should expect —0*093°, and for a trebly polymerised molecule 
— 0*0465°. The last figure would be somewhat higher if the 
molecule were ionised, and if it be assumed that our complex 
contains three atoms of vanadium, the freezing point would indicate 
about 21 % dissociation. Moreover, Dullberg has demonstrated that 
the 1 : 1- vanadate is probably trebly polymerised, showing that 
condensation of molecules is occurring even at this stage of the 
titration. 

In one case (Soln. 2 in Section 1), the conductometric titration of 
a 0*005Jf-3 : 1-vanadate solution with hydrochloric acid was carried 
beyond the liberation of vanadic acid at 15 c.c. of O-lJV'-aeid. The 
latter portion of this titration, from 15 to 25 c.c. of acid, is shown in 
Fig. 2, where it is contrasted with the calculated conductivity of 
the added hydrochloric acid, assumed present as free acid. The 
observed conductivities at titres of 15 and 25 c.c. were 0*00201 and 
0*00434 mho, respectively, a difference of 0*00233 mho. The con- 
ductivity due to the addition of 10 c.c. of O-lff-acid is calculated as 
0*00320 mho, or, after allowing for the decrease in the conductivity 
of the sodium chloride on dilution from 115 to 125 c.c., which is 
approximately 0*00016 mho, the calculated difference becomes 
0*00304. The observed increase in conductivity is therefore about 
23% less than the calculated, showing that the complex is not 
entirely resistant to the action of acids, hut that some replacement 
of sodium by hydrogen occurs. 

Similar conclusions axe to be drawn from the alkali titration of 
vanadic acid. In Fig. 3 the titration of 0*005i¥-vanadic acid with 
OTJV-sodium hydroxide is contrasted with the calculated increase 
in conductivity due to the sodium hydroxide calculated as free 
alkali. Between the titres of 3 c.c. and 20 c.c. of caustic soda the 
conductivity increased by 0*00289 mho. The addition of 17 c.c. 
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of O'liV’-sodium hydroxide would give a calculated increase of 
0*00333 mho, or 0*00305 mho after 0*00028 mho is allowed for the 
decrease in conductivity owing to the dilution of the solution from 
103 to 120 c.c. The observed increase is, therefore, 5% less than 
the calctdated increase in conductivity, showing that there is a 
small interaction between the complex and the sodium hydroxide. 

The decomposition of sodium 3 : 1 -vanadate, when the solution is 
boiled or aged after each addition of acid, would appear to proceed 
as follows : The 3 : 1 -vanadate is hydrolysed almost completely 
into sodium hydroxide and the 2 : 1- vanadate; addition of hydro- 
chloric acid neutralises the hydroxide, and at one- third decom- 
position the solution consists, therefore, of sodium chloride and the 
2 : 1-vanadate. The first reaction may be represented as NaOH 
-f Na 2 HV0 4 — >- NaCl + Na 2 HV0 4 . Now in Expt. B of Section 2 
we found that the conductivity at one-third decomposition was 
0*00165 mho, of which 0*000585 mho was due to sodium chloride. 
Thus the conductivity of the 2 : 1-vanadate is 0*001065 mho, and, 
adding to this the conductivity of an equimolecular amount of 
sodium hydroxide, viz., 0*001175 mho, we get 0*00224 mho for the 
calculated value of the conductivity of the 3 : 1 -vanadate, compared 
with 0*00215 mho for the observed. The discrepancy is probably 
due in the first place to the hydrolysis of the 3 .* 1 -vanadate being 
not quite complete, and secondly, to the 2 : 1 -vanadate being itself 
hydrolysed to some extent. 

The next stage, between one-third and two-thirds decomposition, 
consists of the formation of a condensed 1 : 1 -vanadate : 3Na 2 HV0 4 
+ 3HC1 — >• Na 3 V 3 0 9 + 3NaCl + 3H 2 0. Further addition of acid 
results in an abstraction of soda from this heavy 1 : 1- vanadate 
molecule until a ratio of Na : V between 1 : 2 and 1 : 3 is reached, 
whereupon the molecule becomes sufficiently stable, and the residual 
soda is so closely bound in the complex that further addition of the 
acid causes no change, or only a very gradual and partial replace- 
ment. No break appears at two-thirds neutralisation, where the 
1 : 1-vanadate begins to be converted into the complex, but this is 
marked by the fact that solutions containing the complex cannot be 
decolorised by boiling. 

In the case of direct titration of the 2 : 1- or 1 : 1 -vanadates, the 
same sequence of changes occurs. 

The potentiometric curves given in Fig. 4, though by no means 
satisfactory, explain why Rosenheim and Yang (Z. anorg. Ghem ., 
1323, 129 , 181) found that, on titration of solutions of the 3 : 1- 
. vanadate with sulphuric acid, phenolphthalein became decolorised 
when approximately 2 equivs. of acid had been added. The curves 
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show that the solutions are buffered at this stage so that the change- 
point could not possibly be sharp. 

The same problem has been approached in another direction by 
Dumanski (J. Buss. Phys. Chem. Soc., 1924, 54 , 703), who prepared 
vanadium pentoxide sols by the method of Biltz (J3er., 1904, 37, 
1095), i.e. } grinding ammonium metavanadate with hydrochloric 
acid, filtering off the residue, and shaking it with water. On dilution 
of the red solution, a yellow solution was obtained, having a higher 
electrical conductivity and having no particles visible in the ultra- 
microscope. On coagulation with barium chloride, a small amount 
of barium was absorbed, increasing to a constant -value after several 
hours’ standing, whereupon the solid approximated to the com- 
position BaH 2 V 6 0 17 . The conductivity of the solution increased 
at the same time, consistent with a replacement of barium ions 
by hydrogen ions. From the amount absorbed in the first stage, 
the formula [H 2 V 6 0 17 (V 2 0 5 ) 6 ]" + 2H‘ was deduced. 

The authors wish to thank the Chemical Society for a grant from 
the Research Fund. 

University College, Exeter. [Received, April 16^,1930.] 

NOTES. 

The Supposed Mandeloisonitrile. By Wilson Baker and Randal 
George Arthur New. 

Wood and Lilley (J., 1925, 127 , 95) have described the spontaneous 
transformation of mandelonitrile to a “ yellow solid,” m. p. 196° 
(corr. ), stated to be mandeloisonitrile. They claim to have confirmed 
the isonitrile structure by determinations of the molecular weight 
and of the percentage of nitrogen, by reduction to the base 
CHPh ( OH) *NH*CH 3 (I) (yellowish-grey solid, m. p. 180° decomp.), 
and also by acid hydrolysis giving benzaldehyde, formic acid, tarry 
matter and mandelic acid. It is very unlikely that the change 
nitrile— > isonitrile should occur, and the high melting points of 
Wood and Lilley’s products are not consistent with the structures 
given. Further the base (I) spontaneously loses water, giving the 
Sehifi’s base CHPhIN*CH 3 (Zaunschirm, Anrnlen, 1888, 245 , 281). 
We have found that the pure substance, crystallised twice from 
alcohol and twice from benzene, melts at 198° and has the formula 
(Found : C, 77-7 ; H, 5-1 ; N, 7-6 ; M , by Rast’s method, 
372, Gale. : C, 78*0; H, 5*1; N, 7*9% ; M , 354), and that it is 
rapidly and completely hydrolysed by dilute acids, giving 
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benzaldehyde (1 mol.), mandelic acid (2 mols.), and ammonia 
(2 mols.). 

Examination of the literature showed that this substance, 
C 23 Hi 8 0 2 N 2 , was first obtained from bitter-almond oil and described 
by Laurent in 1835 under the name ctf benzimide 55 (Ann. Chim. 
Phys., [2], 59 , 398; see also Laurent, ibid., 1835, [2], 60 , 218; 
Annalen , 1836, 17 , 89; Ann. Chim. Phys., 1837, [2], 66 , 194; 
Berzelius' Jdhresber., 1837, 16 , 246). Zinin in 1840 (Annalen, 34 , 
188; see also Berzelius' Jdhresber., 1842, 21 , 356) and Gregory in 
1845 (Annalen, 54 , 372) prepared it from bitter-almond oil and 
potassium cyanide, and both assigned to it the correct molecular 
formula. It is clear that Gregory prepared it as early as 1834, but 
did not examine it till later. Laurent and Gerhardt (Jdhresber., 
1850, 488) realised the identity of “ benzimide ” with Zinin and 
Gregory’s product. Later Zinin showed (J. Russ. Chem. Soc., 
1869, 1 , 213; see Ber., 1869, 2 , 509, 552) that the substance could 
be hydrolysed by acid to benzaldehyde, mandelic acid, and ammonia. 
The compound was first recognised as the acetal of benzaldehyde 
and mandelonitrile — di - (a - cyanobenzyloxy)phenylmethane, 
CHPh[0*CH(CN)Ph] 2 — by Schiff in 1870 (Annalen, 154 , 346). 
The same conclusion was reached as the result of careful work and 
rational syntheses by Stolle (Ber., 1902, 35 , 1590) and later by 
Savelsberg (J. pr. Chem., 1916, 93 , 271), the latter having acknow- 
ledged Stolle’s priority (ibid., 1917, 96 , 186). A correction of 
Wood and Lilley’s work (Stolle, Ber., 1925, 58 , 975) appears to have 
been overlooked (see, for example, ce Organic Syntheses/’ Vol. 6, 60) 
and we desire to record our complete agreement with the work of 
Stolle and Savelsberg.— The Dyson Perrins Laboratory, Oxford. 
[Received, April 5th, 1930.] 


Syntheses of 1 -Methylanihraquinones . By Arthur Fairbotjrne 
and Graham Edward Foster., 

In an attempt to obtain a sample of 1 : 2-dimethylanthraquinone, 
by a process which should ensure its being free from the difficultly 
separable 2 : 3-isomeride (J., 1921, 119 , 1573), 4-hydroxy- 1 : 2-di- 
methylanthraquinone was prepared ( J. , 1 923, 123 , 1137). The inter- 
mediate 2-o-hydroxyxyloylbenzoic acid, with acetic anhydride and 
sodium acetate, has yielded colourless plates, m. p. 195° (Found : 
C, 67-5; H, 5*1; M, 360. C 20 H 18 O 6 requires 0, 67-8; H, 5*1%; 
M, 354) . Since it was stable towards hot water, this diacetate presum- 
ably has the structure (I) (compare Gleason and Dougherty, J. Amer. 
Chem. Soc., 1929, 51 , 310). The hydroxyanthraquinone has similarly 
been acetylated to yield 4t-acetoxy-\ : 2-dimethylanthraquinone , yellow 
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needles from alcohol, m. p. 154° (Found : C, 73*5 ; H, 4-9. C 18 H 14 0 4 
requires C, 73 5 ; H, 4*8%), but could not successfully be reduced in 
either acid or alkaline media (compare Elbs, J. pr. Chem., 1890, 41 , 
1 ; Braun and Bayer, Ber., 1926, 59 , 914); distillation over zinc 
dust produced a colourless crystalline sublimate, m. p. 200°, which 
cannot have been the unknown 1 : 2-dimethylanthracene since it 
was oxidisable to a product melting at 280° (compare Birukoff, Ber., 
1887, 20 , 2068 ; Fischer and Sapper, J . pr. Chem., 1911, 83 , 201). 



The proposed method of Pickles and Weizmann (P., 1904, 20 , 201) 
for synthesising anthraquinones of proved structures from the 
corresponding Grignard reagents and phthalic anhydride is likely 
to be particularly applicable when 1-methylanthraquinones are 
required, but appears never to have been adopted for that purpose, 
owing to a fear that simultaneous formation of diarylphthalides 
(as II) would render it unsuitable. Opportunity for synthesising 
1 : 2 -dimethylanthraquinone from magnesium o-3-xylyl bromide has 
not occurred, but the method has been tested in the similar case of 
magnesium o-tolyl bromide, under conditions maintaining a con- 
tinuous excess of the anhydride to minimise further reaction of 
2-o4oluoylbenzoic acid. The latter crystallised from alcohol in 
colourless needles, m. p. above 120° (Found : equiv. by titration 
with iV'/10-baryta, 236. C 15 H 12 0 3 requires equiv., 240), and was 

converted into 1-methylanthraquinone, m. p. 173°, agreeing with the 
description of Fischer and Sapper (loc. cit.) of a specimen synthesised 
in a different manner (Found : C, 81*0 ; H, 4*4. Calc. : C, 81*1 ; H, 
4*5%). The method thus renders possible reaction (c) (J., 1921, 
119 , 1574) which could not previously be realised. 

The authors are indebted to the Chemical Society for a grant which 
has partly met the expenses incurred in this work, and also to the 
Department of Scientific and Industrial Research for a maintenance 
grant to one of them. — King’s College, London. [Received, 
November 7th , 1929.] 
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CLXIIL— A Revision of the Atomic Weight of Tanta- 
lum . Determination of the Ratios TaBr 5 : 5 Ag : 5 AgBr 
and TaGl 5 : 5Ag : SAgCL 

By Kolar Ramakrishnaiyer ELrishnaswami. 

The accepted value for the atomic weight of tantalum is based on 
results which are not in satisfactory agreement. Marignac (Arch. 
Sci. phys. nat ., 1866, 26 , 89), who was the first to employ purified 
materials, used the double fluorides of tantalum with potassium and 
with ammonium* R 2 TaF 7 , to determine the ratios 2K2TaF 7 : Ta 2 0 5> 
K 2 TaF 7 : K^SC^, E^SC^ : Ta 2 0 5 , and 2(NH 4 ) 2 TaF 7 : Ta 2 0 5 , and 
calculated therefrom values which ranged from 182-66 to 183*56, 
giving as a mean, Ta = 182*98. Hinriehson and Sahlbom (Ber., 
1906, 39, 2600) carried out five determinations of the ratio 2Ta : Ta 2 0 5 
by observing the gain in weight of known amounts of the metal 
when heated in a stream of oxygen; values ranging from 180*60 
to 181*72 were obtained for Ta, the mean being 181*02 ± 0*09. 
Van Haagen (Thesis, University of Pennsylvania, 1909) sought to 
fix the ratio 2TaBr 5 : Ta 2 0 5 by weighing the pentoxide formed from 
the hydrolysis of a known weight of the pentabromide ; eight 
determinations gave values ranging from 183*10 to 183*42, the mean 
being 183*28 ± 0*09. Chapin and Smith (J. Amer. Ghem. Soc 
1911, 33 , 1497) redetermined the ratio 2TaBr 5 : Ta 2 0 5 , and calcu- 
lated Ta = 181*69 — 181*94 ; mean 181*82 ± 0*04. Balke (ibid., 
1910, 32 , 1127) conducted eight determinations of the ratio 
2TaCl 5 : Ta 2 0 5 , finding Ta = 181*45 — 181*60 ; mean 181*52 ± 0*02. 
Later, Sears and Balke (ibid., 1915, 37 , 833) concluded that deter- 
minations of the ratio 2TaCl 5 : Ta 2 0 5 were untrustworthy owing to 
serious sources of error. They therefore attempted to find the ratio 
TaCl 5 : 5Ag, and from three series of determinations found Ta = 
181*77, 181*31, and 181*03, which gave on combination the general 
mean 181*29 ± 0*20. The poor agreement between the three series 
of results was later explained by Balke (ibid., 1917, 39 , 1852) as 
being due to uncertainty arising out of the analytical procedure 
employed, and he concluded that tantalum pentachloride was 
unsuitable for use in atomic-weight determinations (see p. 1289). 

All the figures given above are on the basis of the recalculated 
data published by F. W. Clarke ( ls A Recalculation of the Atomic 
Weights,” 1920), who summarised the situation thus : fiC So far as 
present evidence goes it seems probable that the atomic weight of 
tantalum is somewhere near 181 with an uncertainty of at least 
half a unit.” This remark is equally applicable now, for no fresh 
xx 
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evidence has appeared. In 1912, the International Committee on 
Atomic Weights gave the value of tantalum as 181*5, which is still 
used by the German (Ber., 1930, 63, 1) and American (J. Amer. 
Chem. Soc 1929, 51, 653) Chemical Societies, but in 1929 the 
Chemical Society (J., 216) changed it to 181*3, the value deduced by 
Clarke (op. cit.) from the results of Sears and Balke (be. cit.). 

Purification of Materials. 

Water. — The distilled water of the laboratory was redistilled from 
a faintly alkaline, dilute permanganate solution and then redistilled 
in an all-silica still and condenser. The purified water was found 
by nephelometric test to be halogen-free and was collected and 
stored in stoppered Pyrex flasks. 

Nitric Acid. — Merck’s ec pure ” acid was redistilled in an all-silica 
still and condenser, and the middle fraction, which was found to be 
halogen-free, was collected and similarly stored. 

Oxalic Acid. — “ A.R.” Material supplied by the British Drug 
Houses, Ltd., was used directly, since it dissolved completely in 
water and was also free from iron as well as halogens. 

Chlorine .* — The source of this gas was a cylinder of the liquid 
supplied by the Imperial Chemical Industries, Ltd., and stated to 
contain only a trace of bromine. The gas was passed through an 
all-glass apparatus in which it was first dried by sulphuric acid con- 
tained in four wash-bottles, then freed from possible traces of 
hydrogen chloride by passage through two tubes containing ignited 
lime, as recommended by Honigschmid (Z. anorg. Chem 1927, 
163, 315), and finally dried by passage through two tubes containing 
phosphoric oxide. 

Bromine . — This had been prepared free from chlorine and iodine 
by Willard and MeAlpine’s method (J. Amer. Chem. Soc., 1921, 
43, 799) and was from a stock prepared for an earlier work. Re- 
moval of traces of hydrobromic acid was effected by keeping it 
over calcium oxide as recommended by Honigschmid and Zintl 
(Annalen, 1923, 433, 217). 

Argon. — The gas from a steel cylinder of compressed argon was 
purified in an all-glass apparatus by bubbling through sulphuric 
add and passing successively over soda-lime, hot copper and copper 
oxide, hot magnesium ribbon, and finally again over hot copper 
oxide and copper ; it was then stored in galvamsed-iron holders. 
As it was not considered necessary for this work to free it com- 
pletely from nitrogen, it was passed through the purification train 
only once. 

Sodium Chloride. — Kahlbaum’s “ pure ” salt was reprecipitated 
twice from a filtered aqueous solution by passage of hydrogen 
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chloride, and the product was recrystallised from water and fused 
in a platinum basin. 

Potassium Bromide . — Kahlbaum’s “ pure ” salt was recrystallised 
twice from water, the crystals being drained eentrifugally and fused 
in platinum. 

Silver . — This was obtained from a stock prepared for an earlier 
work by following the method of Richards and Wells (J. Amer . 
Chem . Soc ., 1905, 27 , 472), and fused on a magnesia support iii a 
vacuum. 

Preparation of Tantalum . — Although tantalum of a high degree 
of purity is commercially available, no details are to be found in 
the literature regarding the conditions governing its preparation in 
a pure state. Yon Bolton (Z. Elektrochem ., 1905, 11 , 45), who 
achieved a purity of 99%, merely mentions that he used a ££ modific- 
ation 59 of the process by which Berzelius (Pogg. Annalen, 1825, 4 , 
10) and Bose (ibid., 1856, 99, 60) had been unable to obtain metal 
of more than 58% purity ; he effected further purification by fusing 
the compressed powdery material in a vacuum arc furnace. Spitzin 
and Kaschtanoff (Z. anorg. Chem., 1929, 182 , 207) state that their 
attempts by an improved Berzelius-Rose method yielded metal of 
only 95% purity. Since it appears that very pure tantalum cannot 
be prepared by other methods of reduction (e.g., Moissan, Compt . 
rend., 1902, 134 , 211; Goldschmidt, Z. angew . Chem., 1898, 11 , 
823 ; Ruff and Thomas, Z. anorg. Chem., 1925, 148 , 18 ; Muthmann, 
Weiss, and others, Annalen, 1904, 337 , 387 ; 1907, 355 , 62), and as 
it was not considered feasible to study electrolytic methods (e.g., 
Bouhard, French Patent, 1907, 377931; Weintraub, U.S.P. 1910, 
947983), it was decided to investigate the Berzelius-Rose method 
under improved conditions which included those indicated by 
Balke (Chem. Met. Eng., 1922, 27 , 1272 ; 28 , 560). Briefly, it con- 
sisted in the preparation of the metal by the fusion of potassium 
tantalifluoride with sodium under conditions which minimised the 
formation of oxides of tantalum and sodium tantalate. 

The starting material was the double fluoride obtained from 
Merck as well as Kahlbaum. Both the specimens contained nearly 
1% of silica and small traces of iron, manganese, titanium, and 
niobium. Removal of silica was effected by treatment with sul- 
phuric acid as described by Balke (J. Amer. Chem . Soc., 1905, 27 , 
1142). The silica-free preparation was purified according to 
Meimberg and Winzer’s method (Z. angew. Chem., 1913, 26, 157), 
and finally recrystallised by cooling from its saturated solution at 
100° in 5% hydrofluoric acid, all the crystallisations being done in 
platinum basins. The crystals were transferred to a stout gutta- 
percha suction funnel and freed as far as possible from mother- 
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liquor, after which, they were centrifuged in a. cylinder of platinum 
gauze. They were dried over caustic potash in a vacuum desiccator 
and preserved in small cardboard boxes lined with filter paper. 
The refaction process. This had to be carried out in the absence 
of air and moisture; otherwise, oxides of tantalum and sodium 
tantalate would be formed in considerable quantities, and the 
removal of even small traces of oxide from the metal can be accom- 
plished only by heating at a very high temperature — probably 
above 1500° — in a high vacuum. The bomb employed for the 
process is shown diagrammatically in Fig. 1. It consisted of a thick 

steel cylinder (A) open at the 
top and having a recess at the 
bottom to take the solid steel 
piece (0), the top of which was 
turned to fit accurately a conical 
taper in the hollow steel vessel 
(jB). A trace of oil on the taper 
was enough to secure good fitting 
when the bolts ( N , N) were 
tightened. The clearance be- 
tween A and B was about 1 mm., 
so that they could be welded 
together in case the tapering 
joint proved unsatisfactory. The 
reaction vessel D, made from a 
sheet of the purest commercial 
molybdenum, seemed to resist 
attack during the reaction. 

The actual manipulation dur- 
ing an experiment was as follows. 
The shell A containing the block 
C and the reaction vessel D was 
dried by being heated whilst a stream of argon passed through it. 
Pure freshly dried potassium tantalifluoride (50 g.) and Merck’s 
sodium (18 g.), freshly cut into small pieces under dry benzene, 
were alternately transferred in small quantities to the reaction vessel 
while a stream of argon was circulating in the shell. The -reaction 
vessel was then covered with its lid, the vessel #kept in position, 
and the bolts tightened. The bomb was now heated by burners 
and kept at a dull red heat for about an hour ; its lower portion was 
then cooled quickly by a jet of water while two tubes were delivering 
argon near its top. After cooling to room temperature, the bomb 
was opened and the contents of the reaction vessel, which still 
contained some free sodium, were transferred in small quantities to 


Fig. 1. 
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water (300 c.c.) contained in a large platinum basin, whereupon 
most of it disintegrated to a black powder, the few lumps remaining 
being crushed with a clean steel rod. 

Purification of the crude metal . The powdery material in the dish 
was washed five or six times by decantation with cold water and 
then several times with dilute alcohol (25%), as recommended by 
Rose (loc. cit .), until the removal of soluble salts was practically 
complete. It was then digested with three successive portions of 
hot nitric acid (d 1*20), well washed with water, digested twice with 
hot hydrochloric acid (1 : 1), again washed with water, and finally 
dried in a stream of argon at about 300°. The dried powdery 
material was found to contain 97*9% of free tantalum. The powder 
was compressed into pellets, each weighing nearly 5 g., in a nickel- 
steel die at pressures ranging from 20,000 to 30,000 lb. per sq. in. 
and the pellets were freed from gas by 10 hours’ heating at about 
1000° in a vacuum of KH — 10~ 5 mm. They were then heated 
inductively in a vacuum furnace in a crucible of pure thoria, a 
current of 180 amps, at 7000 volts and 490,000 cycles being used. 
The vacuum maintained was about 10~ 5 mm., and temperatures 
of 1700—1800° were reached. After this treatment the pellets 
were found to have sintered to a hard mass with a platinum-grey 
lustre, and oxidation experiments showed them to contain 99*2% 
of free tantalum. The remaining 0-8% was deemed to be tantalum 
oxide, since a spectrographic study of the metal did not reveal the 
presence of foreign metals. 

The Method of the Determinations . 

The method consisted in the preparation of the chloride and the 
bromide of tantalum by direct union, their purification by distil- 
lation and sublimation in a vacuum, and collection in sampling 
bulbs which were evacuated and then sealed for analysis. The 
bulb containing the halide was weighed and then broken under a 
dilute solution of ammonia whereby all the halogen was converted 
into the ammonium halide, which could be transferred to another 
vessel for halogen estimation. The insoluble tantalic acid, formed 
by the hydrolysis of the sample, and the glass fragments resulting 
from the breaking of the bulb were then digested with a hot solution 
of oxalic acid, whereupon all the tantalic acid went into solution. 
The glass pieces that remained were weighed in order to obtain 
the weight of the sample originally in the bulb. The estimation of 
halogen was carried out both nephelometrically and gravimetrically 
by the method of Richards as adopted by Honigschmid. The 
ratios TaBr 5 : 5Ag : 5AgBr and TaCl 5 : 5Ag : 5AgCl so obtained 
enabled the calculation of the atomic weight of tantalum on the 
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assumption that the values for silver, bromine, and chlorine were 
107*880, 79-915, and 35-457 respectively. 

The analytical part of this work, including weighings, was carried 
out in special rooms which were free from acid fumes and were 
illuminated only by ruby light. 

Balance and Weighing . — The weights were standardised by the 
method of Richards (J. Amer. CJiem. Soc. } 1900, 22, 144), and the 
weighings performed in a room which was maintained by electrical 
heaters at a constant temperature of 20° ± 0*1°. The balance 
employed was of the special type made by Oertling with a beam of 
invar-steel which was protected by an aluminium partition and pro- 
vided with a prism and mirror device to enable movements of the 
beam to be noted with a lamp and scale fixed at a distance of 2 m. 
from it. The weighings were done by the method of counterpoise and 
substitution, and the weights so obtained were corrected for errors due 
to inequality of weights and reduced to vacuum. Successive weigh- 
ings of the same object usually agreed to 0-01 mg. and never differed 
by more than 0-02 mg. 

The Distillation' Apparatus .— This resembled the apparatus 
devised by Willard and Me Alpine {loc. cit) and is shown diagram- 
matically in Fig. 2. It consisted of a bubbler (A) into which 
bromine could be introduced through a side tube and separating 
funnel, a tube (B) in which powdered tantalum could be kept heated, 
the distillation bulbs (O and D), and the system of sampling bulbs 
(E). The three-way tap T 3 served to introduce either argon or 
chlorine into the apparatus. Argon entered from a gas-holder 
through the tap T v and passed over copper gauze kept at 500 — 550° 
in X, through sulphuric acid in Y, and phosphoric oxide in Z ; 
whereas chlorine entered through the tap T 2 and, after bubbling 
through a strong solution of potassium permanganate in P and 
sulphuric acid in Q, passed over ignited lime in R and phosphoric 
oxide in 8. A continuous flow of either gas through the apparatus 
could be maintained by keeping open T 1 or T % and also T s , T 5 , and 
Tq while the other taps were kept closed. With taps T 7 and T 8 
open and all the others closed, the apparatus could be evacuated 
by a mercury-vapour pump working in conjunction with a “ Hyvac 5> 
pump. The trap F, which was cooled in liquid air, served not only 
to freeze bromine or chlorine, which would otherwise pass into the 
pump®, but also to minimise diffusion of mercury vapour into the 
apparatus. All the taps in the apparatus were lubricated with 
metaphosphoric acid. 

The Preparation of Tantalum Bromide . — The parts A to E of the 
apparatus were kept at 300—350° and thoroughly dried and freed 
from air by alternate evacuation and filling with argon, the process 
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being repeated 5 or 6 times. Then, with a stream of argon flowing 
through the apparatus, the tip of the side tube attached to B was 
broken to introduce 7 — 8 g. of finely powdered tantalum, which had 
been previously dried in a current of argon. The tube was now 
sealed off and the apparatus evacuated and refilled with argon, 
thus ensuring the total absence of air and moisture from the system. 
Through some phosphoric oxide, which was kept in the separating 
funnel, somewhat more than twice the quantity of bromine neces- 
sary to react with the tantalum taken was run into the bubbler A, 
entry of air being prevented by closing the tap of the funnel while 


Fig. 2, 



there was still about 1 c.c. of bromine in it. The constriction c x 
was then sealed. The furnace surrounding the tube B being kept 
at 650 — 700°, a beaker of water at about 55° was placed under the 
bubbler, and a slow stream of argon bubbled through, carrying 
bromine vapour to the hot tantalum in B. The initial formation 
of the bromide was immediate, although it continued slowly, much 
bromine escaping combination. By suitably warming the tube 
connecting i? and C , and keeping C and D cool, most of the bromide 
was collected in C; some of it, however, went into D, and a small 
quantity was carried still farther in a thin cloud by the gas stream. 
At the same time, some drops of bromine collected in G and D and 
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also in some parts of the system E. When enough of the bromide 
had been prepared, the argon supply was stopped and the prepar- 
ation tube B allowed to cool. The apparatus was then sealed at 
the constriction c 2 , heated at 100 — 110°, and evacuated so as to 
remove all free bromine. The constriction c 3 was now sealed and 
the tube B removed. With the pump in continuous operation, the 
bulb C was kept at about 300° in order to drive most of the bromide 
into the bulb D, which was kept cool. The constriction (not shown 
in the diagram) in the tube connecting C and D was then sealed. 
The sublimation of the bromide from D into the bulbs E was 
effected by suitable movement of the furnace, which was main- 
tained at about 300°. With the vacuum pump in continuous 
operation the bulbs were finally sealed for analysis. 

The bromide in the bulbs consisted of fine needles as well as 
some thin, lemon-yellow leaflets. 

Preparation of Tantalum Pentachloride. — The chloride was pre- 
pared in an apparatus which was exactly like the foregoing except 
that it had no bubbler, the tube B being directly joined to the three- 
way tap by a tube having a constriction. The subsequent pro- 
cedure was similar to that employed for the bromide, a slow stream 
of dry chlorine being passed over the powdered metal at 550 — 600°. 

The chloride was perfectly snow-white during the earlier stages 
of the distillation, but later acquired a pale creamy colour, probably 
owing to prolonged heating. 

Spectrographic Studies of the Purity of the Tantalum Preparations . — 
The instrument employed was a quartz Littrow spectrograph made 
by A. Hilger. The principle of the method consisted in the identi- 
fication of the impurity lines in the spectrum of the tantalum com- 
pounds examined, by measurement as well as by superposition on 
the spectra of the probable impurities. The first step was the 
preparation of photographs of the ultra-violet and visible arc 
spectra of the tantalum compounds between copper poles, and also 
corresponding photographs of the copper arc. A series of photo- 
graphs was prepared of the spectra of silica, iron, manganese, 
niobium, titanium, and molybdenum in the copper arc, each on a 
separate plate. _ The persistent lines of these elements were identi- 
fied by measurement and suitably marked on the plates. By 
bringing each of these impurity spectra into juxtaposition with the 
tantalum spectrum, it was easy to note if any of the impurity lines 
were present in the latter, but as none of these could be traced it 
was decided to make an exhaustive examination for all the possible 
impurities by the R.U. (raies ultimes) powder method advocated 
by A. Hilger. Since the R.U. powder contains only small traces 
of nearly all the metals in a suit able diluent, its arc spectrum, although 
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consisting of only a limited number of lines, includes all the strongest 
lines of all the elements in it. Therefore, by photographing the 
R.U. spectrum in juxtaposition with that of the specimen to be 
examined, it is a relatively simple matter to ascertain the impurities 
present ; moreover, it is possible, within certain limits, to estimate 
quantitatively the impurities according to the order of sensitivity 
of the lines observed. An examination of the spectrum photographs 
(Fig. 3) will make this matter clear. Niobium, for instance, is 
present in the R.U. powder to the extent of about 0*05%, but it 
gives about 15 lines, some of which are marked on the plate. Since 
not even one of these can be traced in the tantalum spectrum, it is 
concluded that niobium is absent. Similarly with most of the other 
elements. The results, however, are not so definite in the case of 
silica. It will be seen from the plate that the group of lines marked 
Si (2506*9 — 2528*5 A.U.), which are strong in the R.U., are present 
in the tantalum spectrum also, though with a smaller intensity. 
Since, however, this group of lines is present in the spectrum of 
the poles themselves and with an intensity approximately equal to 
that in the tantalum spectrum, it can be deduced that the tantalum 
is practically free from silica. The other metals regarding which 
there is similar uncertainty are calcium and magnesium. The 
quantity in which they are present must, however, be very small. 
Dr. J. W. Ryde and Mr. H. G. Jenkins, of the Research Laboratories 
of the General Electric Co., Ltd., who developed the R.U. method, 
kindly undertook a confirmatory examination of these specimens 
and reported that spectroscopically they were unable to find impuri- 
ties. There is, however, the possibility that silica, calcium, and 
magnesium may be present to a total extent of about 0*05%. 

Determination of the Ratios TaBr 5 : 5Ag : 5AgBr. — The bulb con- 
taining the bromide was cleaned and dried as usual (compare 
Baxter, Proc. Amer. Acad. Arts Sci., 1924 — 25, 60, 228), and its 
weight in air determined. It was then weighed in water by sus- 
pending it with a thin platinum wire, and from the observed loss of 
weight the vacuum correction was calculated in the usual manner. 
It was then placed on the bottom of a thick -walled conical Pyrex 
flask containing about 400 c.c. of a ca. 3% solution of ammonia, and 
broken by a blunt glass rod, which was quickly rinsed and removed. 
The flask was immediately stoppered, left for about 2 hours, and 
then rotated so as to disturb the flocculent precipitate which had 
settled, this operation being repeated 4 or 5 times at intervals of 
about an hour. After standing over-night, the clear supernatant 
liquid was poured through a Jena-glass Gooch crucible having a 
sintered-glass filter, and the filtrate caught directly in a large conical 
precipitation flask, made of Pyrex glass and kept inside an evacuated 
xx 2 
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bell- jar. The material remaining in the original flask, viz., the 
precipitate of tantalic acid and the glass fragments of the bulb, 
was washed by decantation 10 — 12 times with 70 — 80 c.c. portions 
of a hot (60 c ) 1% aqueous solution of ammonium nitrate, as recom- 
mended by Biltz and Yoigt ( Z . anorg. Chem 1922, 120 , 171), with 
the modification that it contained nearly 2% of free nitric acid in 
addition. The clear wash-liquids were passed through the Gooch 
crucible in each case, and the filtrates added to the first filtrate, 
which thus increased to about 1200 c.c. and was preserved for 
halogen estimation. The washing process was effective because 
the tantalic acid settled easily in the wash-liquid and so facilitated 
the decantation. It is shown later (p . 1291 ) that the washed residue 
was halogen-free and that practically none of it (either tantalic acid 
or glass) was transferred from the flask during washing. 

To dissolve out the tantalic acid in order that the glass pieces 
might be weighed, the residue in the flask was digested on a boiling 
water-bath for about 2 hours with some 50 c.c. of a saturated solution 
of oxalic acid. The liquid in the flask was then diluted with about 
300 c.c. of water, whereupon the solution became quite clear and 
was free from any particles of tantalic acid. The glass fragments 
appeared quite clean and transparent. The clear liquid was poured 
through a weighed silica Gooch crucible with a sintered-silica filter. 
The glass pieces were washed by decantation 10 — 12 times with 
50 c.c. portions Of warm water, then transferred with a jet of water 
to the crucible, dried, and weighed. (The washings from the above 
operations were discarded.) The glass pieces were dried slowly by 
being kept at 90 — 110° for about 2 hours and then at 400—420° for 
about 8 hours ; and their weight was corrected to vacuum and sub- 
tracted from the corrected weight of the bromide bulb in order to 
obtain the weight of the bromide originally in the bulb. This was, 
however, corrected for a small error (0-03 mg.) which appeared to 
be incidental to the collection and weighing of the glass fragments 
(see p. 1291). 

The estimation of halogen in the bromide solution, which con- 
tained only nitric acid ‘and ammonium bromide and nitrate, was 
carried out according to the Harvard methods as developed by 
Honigschmid. The standard solutions of silver nitrate and potass- 
ium bromide required to make up for the deficiency of either silver 
or bromide ions in the analytical solution, and for the generation of 
opalescence in the test mixtures, were all made up with the con- 
centrations recommended by the author mentioned above. On 
the assumption that Ta = 18T37, which was calculated from the 
mean of two gravimetric determinations of the ratio TaBr 5 : SAgBr, 
a quantity of silver was weighed out which was insufficient by about 
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0*1 — 0*2 mg. to precipitate quantitatively the bromide ion in the 
analytical solution. The silver was dissolved in about 50 c.c. of 
nitric acid ( d 1*20) in a conical Pyrex flask having a four-bulbed 
tube ground into its neck. After being gently boiled for a few 
minutes, the solution was diluted to about Q-liV and then transferred 
quantitatively to the flask containing the bromide solution, which 
was then stoppered, and shaken at frequent intervals. After stand- 
ing for about 48 hours, the precipitate was found to have settled 
completely, leaving the supernatant liquid perfectly clear. Two 
25-c.c. portions of v the clear liquid were withdrawn and tested for 
excess of bromide or silver by addition of 1 c.c. of silver solution 
(1 in 1000) to one and 1 c.c. of an equivalent bromide solution to 
the other. The test solutions were allowed to stand for 4 hours 
with frequent stirring with glass rods, and then examined in a 
nephelometer of the Kober type with a Klett top-reader. Accord- 
ing as the tests indicated excess of bromide or silver, standard 
solution of silver (0T in 1000) or equivalent bromide solution was 
added to the analytical solution until a nephelometric test indicated 
that the two ions were in exact equivalence as revealed by the 
equality of the intensity of opalescence developed when equal 
portions of the solution were treated with equivalent quantities of 
either silver or bromide test solution. After the end-point had 
been reached, excess of one of the standard solutions was added, 
and the end-point again obtained by back-titration in the nephelo- 
meter. The quantity of silver (in the standard solution) introduced 
in order to reach the point of equivalence was added to the weight 
of silver originally added in bulk to the analytical solution, and the 
ratio TaBr 5 : 5Ag calculated. The results of the determinations 
are given in Table I {a). 

After completion of the nephelometric titration, 25 c.c. of N /10- 
silver nitrate solution were added to the contents of the flask in 
order to precipitate all the dissolved silver bromide. The flask 
was stoppered and occasionally shaken during the next 24 hours, 
and the precipitate then allowed to settle. The clear liquid was 
poured through a weighed Jena-glass Gooch crucible with a sintered- 
glass filter. The silver bromide in the flask was washed ten times 
by decantation with about 60 c.c. portions of 0-5% nitric acid, 
transferred to the crucible, dried for about 18 hours at 300 — 320°, 
and weighed. Most of the silver bromide was transferred to a por- 
celain crucible and fused in an electric furnace maintained at 500— 
520° ; it was then seen to be transparent and free from dark patches 
—a clear indication of its purity. In two experiments in which 
the silver bromide was weighed both before and after fusion, the 
loss (due to expulsion of the last traces of moisture) was not more 
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than 0*02 mg. Since this result is in agreement with the long 
experience of Honigschmid that silver bromide dried at 300° does 
not retain an appreciable amount of moisture, no attempts were 
made to determine the loss on fusion in every experiment. Con- 
firmatory evidence regarding the purity of the silver bromide pre- 
cipitate was obtained from determinations of the ratio AgBr : AgCl 
(see p. 1292). 

The weight of the silver bromide obtained by weighing the dried 
precipitate was corrected for the quantity which escaped weighing 
owing to solution in the nitric acid washings, and also for the small 
amount which was retained by the walls of the precipitation flask. 
The estimation of these two sources of error was carried out jointly 
as recommended by Honigschmid (Z. anorg. Chem., 1924, 136 , 278; 
Annalen, 1923, 433 , 201), i.e., by dissolving out the traces of the 
silver bromide in the precipitation flask by the addition of ammonia, 
adding this solution to the nitric acid washings * of the silver 
bromide, diluting the combined solution to a known volume, and 
comparing it nephelometrically with solutions containing known 
amounts of silver bromide. The quantity of silver bromide so 
estimated was added to the weight of the precipitate, and the 
ratio TaBr 5 : 5AgBr calculated. Table I (b) gives the results of the 
determinations. 

Determination of the Ratios TaCl 5 : 5Ag : 5AgCl. — The sealed 
bulbs containing the chloride were weighed in air and in water, and 
then broken under a solution of ammonia. The subsequent pro- 
cedure was exactly as in the case of the bromide, except that sodium 
chloride was substituted for potassium bromide in the solutions 
employed during the nephelometric determinations. The silver 
chloride precipitate was dried at 300 — 320° for about 18 hours 
before weighing. It always fused to a transparent, light amber- 
coloured mass, free from any dark patches : this was considered to 
be a definite indication of its purity. The results of the various 
determinations are given in Table H, all the weights being reduced 
to vacuum. The atomic weights of silver, bromine, and chlorine 
were assumed to be as on p. 1282. 

The individual values for the atomic weight given in Table 1(a) 
show an extreme variation of 0*03 unit (1*7 parts per 10,000). Their 
mean variation is 0*008 unit (0*5 part per 10,000) from the mean 
value 181*36, the probable error of which is found to be ± 0*003 
unit. 

* These washings were collected separately from the mother-liquor from 
which the precipitation was made. The mother-liquor was discarded/ as the 
quantity of silver bromide in it must have been negligible owing to the excess 
of silver nitrate present. 
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Table I. 

\(l) XXfeltlU JLfcLEUg . 

TaBr s , Ag, 

No. g. g. TaBr 5 : 5Ag. Ta = 

1 3-07127 — — — 

2 3*72095 — — — 

3 3-81890 3-54594 1-07698 181-34 

4 3-59654 3-33939 1*07700 181-36 

5 2-69071 2*49831 1-07701 181-37 

6 2-61163 2-42488 1-07702 181-37 

7 3*92094 3*64064 1-07699 181*35 

8 2*04583 1*89956 1*07700 181*36 

(a) Total 18-68455 17*34872 1*07700 181-36 

(b) „ 25*47677 — — — 

The corresponding variations in Table I (b) are 0*04 and 0*011 unit 
respectively, giving a mean of 181*35 with a probable error of 0*004. 


Table II. 

(a) Ratio TaCl 5 : 5Ag. (b) Ratio TaCl 5 :5AgCl. 

TaCl s , Ag, AgCl, 

No. g. g. TaCl s :5Ag. Ta = g. TaCl 5 :5AgCl. Ta = 

1 3-15350 4*74301 0-66488 181-35 6*30152 0-50044 181-37 

2 2*96215 4*45549 0*66483 181-33 5-91874 0*50047 181-40 

3 4-08061 6-13756 0-66486 181-34 8-15438 0*50042 181*36 

4 3*21073 4-82972 0-66479 181-30 6-41613 0-50042 181-36 

5 3*49922 5-26278 0*66490 181-36 6*99201 0-50046 181-39 

Total 16*90621 25-42856 0-66485 181-34 33-78278 0-50044 181*37 

The individual values for the atomic weight given in Table 11(a) 
show an extreme variation of 0*06 unit (3*3 parts per 10,000). Their 
mean variation is 0-019 unit (1*0 part per 10,000) from the mean 
value 181*34, the probable error of which is found to be ± 0*007 unit. 

The corresponding data for Table II ( b ) are 0*04 and 0*015 unit, 
the mean atomic weight being 181*37 ± 0*004. 

Summary of Results. — The mean values obtained from the four 
series of determinations are collected in the following table, from 
which it will be seen that the most probable value for the atomic 
weight of tantalum is 181*36. 


Ratio. No. of Mean value for Probable 

expts. at. wt. of Ta. error. 

TaBr s :5Ag 6 181*36 ±0*003 

TaBr s : 5AgBr 8 181*35 0*004 

TaCl s : 5Ag 5 181-34 0*007 

TaClg : 5AgCl 5 181-37 0-004 

General mean 181-357 0-0002 


Investigation of Some Possible Sources of Error . 

Sears (loc. cit.) found that, although tantalum pentachloride exists 
as a stable compound in an atmosphere of dry nitrogen and does 
not occlude chlorine, it is unsuitable for use in work where a high 
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AgBr, 

g. TaBr s :5AgBr. Ta— 

4-96415 

0*61869 

181-36 

6-01413 

0*61870 

181-37 

6-17267 

0-61868 

181-35 

5-81303 

0-61870 

181-37 

4-34926 

0-61866 

181-33 

4*22133 

0-61868 

181-35 

6-33750 

0-61869 

181-36 

3-30681 

0-61867 

181*34 

41-17888 

0*61868 

181-35 
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degree of accuracy in its analysis is desired. This conclusion was 
based on the following observations: (a) Broken glass cannot be 
filtered off from the hydrolysed tantalum chloride because of the 
insoluble tantalie acid formed ; ( b ) tantalum pentachloride cannot 
be weighed accurately in a vessel with a ground joint owing to 
hydrolysis caused by moist air diffusing in through the joint ; 
(c) volatility of glass during fusion prevents an accurate estimate of 
the weight of tantalum pentachloride contained in a sealed glass 
tube of known weight; (d) when tantalum chloride is sealed in a 
glass bulb, some of it gets melted into the glass at the point of 
sealing. - 

The present work seems to be free from any of the above- 
mentioned sources of complication. The first did not arise because 
the tantalie acid could be completely dissolved out and so permitted 
the determination of the weight of the glass pieces. The second 
and third sources of error were avoided in the method employed for 
determining the weight of the sample : volatility of glass during 
fusion is a negligible factor, for Briscoe and Little (J., 1914, 105, 
1315) and Weatherill ( J . Amer. Chem. Soc 1924, 46, 2437) exper- 
ienced no difficulty from that source. The last objection seems to 
be due to the tantalum pentoxide formed hv hydrolysis of the 
chloride owing to the presence of moisture in the system. The 
tantalum chloride and also the tantalum bromide bulbs prepared in 
the earlier experiments had the appearance of frosted glass close to 
the point of sealing. The bulbs prepared in the later experiments 
and used for analysis were, however, free from this defect. 

As spectrographic investigation afforded definite evidence that 
the tantalum halides prepared for analysis were alm ost entirely 
free from foreign metals, and as contamination from oxygenated 
compounds was obviated by carrying out the preparation and 
weighing in the absence of oxygen, air, and moisture,, little uncer- 
tainty could be entertained regarding their purity* The method 
of analysis, however, involved several steps which demanded 
scrutiny. 

A study was made of the process employed for was hing the 
tantalie acid and glass fragments in order to extract all the halide 
present. As in every experiment the clear liquid was filtered 
through a Gooch crucible, it was easy to test whether any solid 
material was conveyed to it, by weighing the crucible before and 
after the filtration. Three experiments were performed with two 
different ‘crucibles and the observed variations in weight were 
+ G.'02, 0*00, and -f- 0*03 mg., respectively, giving an average 
increase in weight of 0*02 mg* If this increase is due solely to 
tantalie acid, it is of no significance, since the crucibles employed 
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for this process were never used for the collection of either glass 
fragments or silver bromide precipitate ; if it is due entirely to fine 
particles of glass, this would be a source of error, for this amount 
of glass would escape weighing and the apparent weight of the 
tantalum halide would be too high to this extent. Since, however, 
0*02 mg. is within the limit of error of the determinations, the precise 
cause is immaterial. 

The next point tested was whether any portion of the glass frag- 
ments was lost owing to solution, either colloidal or otherwise, in 
the wash-liquid. Bulbs similar to those employed for collecting 
the tantalum halides were fused on to a vacuum line and then sealed 
after evacuation. They were weighed in air and in water so as to 
obtain their weight in vacuum. They were then broken under a 
solution of 3% ammonia contained in. a conical Pyrex-glass flask, 
and subjected to exactly the same treatment as the glass fragments 
in the actual determinations, viz., washing with ammonium nitrate, 
decantation of the clear liquid, digestion with hot saturated solution 
of oxalic acid, and washing with water. They were then collected 
in a weighed Gooch crucible, dried as usual, and weighed. This 
weight was reduced to vacuum and compared with the weight of 
the bulb as determined at the beginning of the experiments ; the 
results were as follows : 


Bulb, g. 1-81427 1-70330 1-74959 1-68884 

Glass pieces, g 1-81425 1-70325 1-74958 1-68880 

Difference, mg 0*02 0-05 0*01 0-04 


They indicate a definite average loss of 0-03 mg. This quantity 
was therefore added to the weight of glass as actually determined. 

The next point to be tested was whether the process of washing 
removed the bromide quantitatively and left the residue of tantalic 
acid and glass fragments bromide-free. Although aqueous extracts 
of the residue failed to give any test for halogen, it was feared that 
adsorption of bromide ions might have proceeded in such a way as 
to escape detection in this manner. The material was therefore 
heated with sulphuric acid and tested for formation of hydrogen 
bromide. This was done by introducing the tantalic acid (and glass 
pieces) into a bulb (50 c.c.) through a side tube with a ground joint 
to accommodate a separating funnel. The condensing tube, which 
was fused to the bulb, was bent at right angles. With the end of 
the condensing tube dipping in 25 c.c. of 0-1 A 7 - silver nitrate solution, 
10 — 15 c.c. of sulphuric acid ( d 1*84) were introduced into the bulb 
through the separating funnel, the tap of which was afterwards 
closed. The bulb was then heated in a bath at 120 — 125°. The 
silver nitrate solution remained clear without developing any 
opalescence. The distilling bulb was then allowed to cool, 0*05 mg. 
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of ammonium bromide (0*5 c.c. of 0*1 in 1000 solution) introduced 
into it, and the bulb reheated. The silver nitrate solution became 
strongly opalescent in less than 5 minutes. As the above test is 
very delicate, and as three lots of washed tantalic acid did not 
respond to it, it was concluded that the extraction of the halide 
was quite satisfactory. 

The purity of the silver bromide precipitate was indicated by its 
appearance on fusion as already stated, and was confirmed by its 
conversion into silver chloride as follows. A portion of the dried 
silver bromide was transferred to a weighed porcelain crucible and 
fused in an electric furnace. The weight of the fused silver bromide 
was ascertained by reweighing the crucible. The crucible was then 
suitably supported in the centre of the furnace, which was main- 
tained at about 500° while a stream of chlorine passed through it. 
After 5 — 6 hours, the chlorine supply was replaced by argon for 
about 2 hours in order to expel all the free chlorine. The crucible 
was then taken out of the furnace, cooled, and weighed. The 
results of three such experiments were : 

AgBr, g 4-16021 6-30116 5-99453 

AgCl, g 3-17510 4-80924 4-57492 

AgBr/AgCl 1-31026 1-31022 1-31030 

The mean of the three determinations (AgBr/AgCl = 1*31026) is 
in tolerable agreement with the value obtained by Baxter (Proc. 
Amer . Acad. Arts Sci ., 1905, 41, 82; 1906, 42, 201), viz., 1*31017, 
thereby showing that the silver bromide formed in these experiments 
was adequately pure. 

Summary . 

Pure tantalum, prepared by a modified Berzelius-Bose method, 
was employed for the preparation of its bromide and chloride by 
direct union with the elements in an inert atmosphere. The halides 
were purified by distillation and sublimation in a vacuum, and col- 
lected in sampling bulbs for analysis. Spectrographic examination 
gave satisfactory evidence regarding their purity. They were 
analysed both nephelometrically and gravimetrically by the Harvard 
method as developed by Honigschmid. Twenty-four closely- 
agreeing results pointed to the value 181*36 for the atomic weight 
of tantalum. 

In conclusion, I wish to express my gratitude to Professor P. G. 
Donnan, F.R.S., for having provided every facility and for kind 
encouragement throughout the course of this work. My best 
thanks are due to Messrs. S. Barratt, B.A., and J. M. Walter, B.Sc., 
for valuable suggestions relating to the spectroscopic methods 
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employed. My warmest thanks are also due to Dr. C. Sykes of the 
Research Laboratories of the Metropolitan Vickers Electrical Co., 
Ltd., Manchester, for assistance with the high-frequency furnace, 
and to Dr. J. W. Ryde and Mr. H. G. Jenkins of the Research 
Laboratories of the General Electric Co., Ltd., Wembley, for carry- 
ing out a confirmatory analysis of the tantalum specimens. My 
hearty thanks are due to Mr. Henry Terrey, M.Sc., for assistance 
in the preparation of this paper. 

The Sir William Ramsay Laboratories 
of Inorganic and Physical Chemistry, 

University College, London. [Received, March 20 th, 1930.] 


CLXIV. — l-Sulpho-S-hydroxybenzoic Acid. 

By Maphav lal Stjkhlal Shah. 

The sulpho-m-hydroxybenzoic acid which is obtained by the 
sulphonation of m-hydroxybenzoic acid has now been prepared by 
a more convenient method than those described by Barth (Annalen, 
1868, 148, 38), Senhofer (ibid., 1869, 152, 102), and Remsen ( Z . 
CJtem 1871, 295) : it consists in heating a mixture of m-hydroxy- 
benzoic acid and sulphuric acid at 90° for 2 hours; the sulpho- 
m-hydroxybenzoic acid crystallises in large yield on cooling and 
there is no sign of any other product. The acid, when recrystallised 
from water, separates as C 7 H 6 0 6 S,2JH 2 0, m. p. 206°. Barth and 
Senhofer describe the acid, m. p. 208°, crystallising with 1£ molecules 
of water. 

The author has confirmed Barth’s observation (he. cit . ; Annalen, 
1871, 159, 230; contrast Remsen, loc. cit.) that no organic acid 
other than protocatechuic acid, m. p. 199°, is produced by fusion 
of the sulpho-m-hydroxybenzoic acid with alkali. Hence the 
sulphonic acid appears to be 4-sulpho-3-hydroxybenzoic acid. 

In order to obtain further evidence the author studied the methyl 
ether of this acid, comparing it with the oxidation products of 
isomeric 3-methoxytoluenesulphonic acids described by Haworth 
and Lapworth (J., 1923, 123, 2982; 1924, 125, 1299). The 
sulphonic acid methyl ether (I) crystallised as C 8 H 8 0 6 S,2H 2 0 and 
gave characteristic barium and potassium hydrogen salts. The 
latter on trituration with phosphorus pentachloride produced a 
chlorosulphonyl-3-methoxybenzoyl chloride, m. p. 87°, which gave 
on treatment (a) with water, a chlorosulphonyl-3-methoxybenzoic 
acid, m. p. 214°, and (b) with ammonia, a sulphonamido-3-methoxy- 
benzamide, m. p. 255°. The former when digested with ammonia 
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and the latter when hydrolysed with hydrochloric acid yielded the 
same sulphonamido - 3 -methoxy benzoic acid (II),m.p.290° (decomp.). 

Haworth and Lapworth (loc. cit.) state that their potassium hydro- 
gen 4-sulpho-3-methoxyhenzoate obtained from 3-methoxytoluene- 
4-sulphonic acid yielded 4- sulphonamido -3 -methoxybenzoic acid, 
m. p. 255°, by the action of ammonia on the sulphonyl chloride, 
which was not isolated. From the author’s results the substance, 
m. p. 255°, which Haworth and Lapworth describe under the name 
of sulphonamido-3-methoxybenzoic acid appears to be 4-sulphon- 
amido-3-methoxybenzamide, m. p. 255°. In order to clear up this 
matter the experimental work of Haworth and Lapworth was 
repeated. 

3-Methoxytoluene-4-sulphinic acid (HI), prepared from 4-nitro- 
m-eresol via 4-nitro- and 4-ammo-3-methoxytoluenes, was oxidised 
and 3-methoxytoluene-4-sulphonic acid and 4z-sulpho-3-metJioxy- 
benzoic acid (I) were obtained. The latter gave, on treatment 
similar to that described above, k-chloromlphonyl-Z-methoxybenzoyl 
chloride , m. p. 87°, 4- chloromdphonyl-Z-methoxybenzoic acid, m. p. 
214°, 4:-$idpho7iamido-3-Tnethoxybenzamide 3 m. p. 255°, a>nd 4:-sulphon- 
amido-Z-meihoxybenzoic acid (II), in. p. 290° (decomp.), identical 
with those obtained from the author’s sulpho-m-hydroxybenzoic 
acid methyl ether, the conclusions being confirmed in each case by 
the mixed melting point test. 

Haworth and Lapworth also state that their sulphonamido-3- 
methoxybenzoic acid, m. p. 255°, was produced when 3-methoxy- 
toluene-4-sulphonamide (IV) was oxidised with alkaline perman- 
ganate. The author, however, obtained only 4- sulphonamido -3- 
methoxybenzoic acid, m. p. 290° (decomp.). 

For full information the author converted (A) 4- sulpho- 3 -methoxy- 
benzoic acid (I) and (B) 3-methoxytoluene-4-sulphinic acid (III), 
which yields 4-sulpho-3-methoxybenzoic acid as shown above, into 
3-methoxybenzoic acid 4-methylsulphone (V). 

(A) 4-Chlorosulphonyl-3-methoxybenzoic acid, m. p. 214°, pre- 
pared from sulpho-m-hydroxybenzoic acid methyl ether (I), was 
reduced by Gattermann’s method (Ber., 1899, 32, 1136) and the 
4‘ikiol’Z-methoxybenzoic acid (monothiovanillic acid), m. p. 180°, 
which was obtained was converted on methylation into 4-methyl - 
thiol-Z-metkoxybenzoic acid (monothioveratric acid), m. p. 193°. 
The latter on oxidation gave 3 -methoxybenzoic acid 4-methylsulphon e 
(V), m. p. 227°. 

(B) When 3-methoxyfcoIuene-4-sulph i nic acid (EH) was similarly 
reduced, A^thM-Z-methoxytoliieiie, b. p. 254°, was produced. This 
passed on methylation into 4- methylthiol-Z-methoxytoluene , b. p. 
iS>9— 270°. When the latter was oxidised , with alkaline perman- 
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ganate, the same 3-methoxybenzoic acid 4-methylsulphone (V), 
m. p. 227°, as described in (A) was produced : a mixture of the two 
showed no depression in melting point. This proves that sulpho- 
m-methoxybenzoic acid (I) corresponds to 3-methoxytoluene-4- 
sulphinic acid (III) and that the sulpho-m-hydroxybenzoic acid is 
4-sulpho-3-hydroxybenzoic acid. 

The sulpho-m-hydroxybenzoic acid methyl ether (I) was also 
fused with sodium hydroxide and with potassium hydroxide with 
a view to get vanillic acid, but the product was protoeateehuic acid. 
Partial fusion at a low temperature gave sulpho-m-hydroxybenzoic 
acid together with protoeateehuic acid, which indicates that in 
alkali fusion 4-sulpho-3-methoxybenzoic acid (I) is first demethylated 
and then converted into 3 : 4-dihydroxybenzoic acid, i.e. 9 proto - 
catechuic acid. Vanillic, vanillic, and veratrie acids have been 
found to be similarly demethylated and to yield protoeateehuic 
acid. 


OMe OMe OMe 



Experimental. 


Sulpho-m-hydroxybenzoic Acid. — m-Hydroxybenzoic acid (40 g.) 
was mixed with sulphuric acid containing 3% of sulphur trioxide 
(60 c.c.) and heated at 90° for 2 hours. The brown solution obtained 
solidified on cooling to a hard crystalline mass ; this was crushed, 
washed with dilute sulphuric acid, and pressed and dried on porous 
tile. The crude substance crystallised from water (charcoal) in 
greenish-yellow needles or truncated prisms containing 2 JH 2 0, 
m. p. 206° (yield, 61 g.). The substance effloresced on exposure to 
air and developed an intense violet fluorescence in dilute alkaline 
solutions (Pound: equiv., 264, 263. Calc, for C 7 H 6 0 6 S,2JH 2 0 : 
equiv., 263). Desiccation removed li molecules of water and left 
an opaque white mass, m. p. 213° (Pound : equiv., 235*6. Calc, 
for C 7 H 6 0 6 S,H 2 0 : equiv., 236). 

The acid sodium, potassium and ammonium salts were prepared 
(1) by neutralising one half of an aqueous solution of sulpho-m- 
hydroxybenzoic acid with alkali and then mixing it with the other 
half, (2) by acidifying the neutral solution with hydrochloric acid. 

Thesodium hydrogen salt separated in shining plates and was recrys- 
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tallised for analysis (Found: Na, 8*6; H 2 0, 10*1; equiv, 267*1. 
C 7 H 5 0 6 SNa, 1|H 2 0 requires Na, 8*6; H 2 0, 10*1%; equiv, 267). 
The potassium hydrogen salt crystallised in prismatic plates and is 
more soluble than the acid sodium salt (Found : K, 14*1 ; H 2 0, 
6*51; equiv, 274*3. C 7 H 5 0 6 SK,H 2 0 requires K, 14*2; H 2 0, 
0*6%; equiv, 274*1). The ammonium hydrogen salt separated in 
needles (Found : N, 6*1 ; equiv., 234*9. C 7 H 9 0 6 SN requires N, 
5*96% ; equiv., 235*0). 

4z-SulpJio-3 -methoxybe nzo ic Acid (I). — The sulpho-m-hydroxy- 
benzoic acid (22 g. in 50 c.c. of water) was neutralised and treated 
alternately with 25% potassium hydroxide solution (500 c.c.) and 
methyl sulphate (80 c.c.) until the violet fluorescence disappeared; 
the mixture was then heated with potassium hydroxide in excess 
to hydrolyse the ester formed, neutralised with sulphuric acid, con- 
centrated, and cooled. The filtered solution, when acidified with 
hydrochloric acid, gave potassium hydrogen sulpho-m-methoxy- 
benzoate in rhombic plates, which were washed and recrystallised 
from water for analysis (yield, 23 g.) (Found for the hydrated 
salt: K, 13*5; H 2 0, 6*5; equiv, 286*8, 288*2. C 8 H 7 0 6 SK,H 2 0 
requires K, 13*6; H a O, 6*3%; equiv, 288*1. Found for the 
anhydrous salt : K, 14*4. C 8 H 7 0 6 SK requires K, 14*4%). 

The sodium hydrogen salt, prepared by using sodium hydroxide, 
presented much difficulty in its separation, as it carried sodium 
chloride along with it and was not easily isolated by filtration. 
For analysis it was recrystallised several times from water, separating 
as a glossy microcrystalline mass (Found for the anhydrous salt : 
Na, 8*9. C 8 H 7 0 6 SNa requires Na, 9*05%). 

The barium salt : The above acid potassium salt was neutralised 
with ammonia, and the neutral solution treated with barium acetate 
solution. The precipitated barium salt, crystallised from water, 
formed transparent beady crystals containing 4H 2 0, of which 3H 2 0 
were easily removed at 120° (Found : Ba, 31*1 ; loss at 120°, 13*4. 
C 8 H 6 0 6 SBa,4H 2 0 requires Ba, 31*3; 3H 2 0, 12-3%). 

The barium salt, dissolved in water, was treated with the equiv- 
alent amount of sulphuric acid, and the filtered solution concentrated 
to a small bulk ; 4- sulpho-Z-methoxybenzoic acid crystallised in long 
shining plates containing 2H a O, m. p. 228° (Found: S, 11*85; 
equiv, 133*5. C 8 H 8 0 6 S,2H 2 0 requires S, 11*9%; equiv, 134). 

Fusion of i-Sulpho-B’hydroxybenzoic Acid with AllcaM . — Finely 
powdered acid potassium or sodium sulpho-m-hydroxybenzoate 
(7 g.) was added to fused potassium hydroxide or sodium hydroxide 
(22 g.) in a nickel crucible at 220° and the mass was well stirred. 
When the temperature was raised gradually, considerable frothing 
was observed ; at 300° the mass became a clear liquid, which was 
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further heated at 310° for \ hour. The fused mass was dissolved 
in water and neutralised with sulphuric acid, and the filtered solution 
acidified and extracted with ether. The extract on evaporation 
left a residue which crystallised from water in needles (3 g.), m. p. 
199° (Found: equiv., 153*8. Calc, for C 7 H 6 0 4 : equiv., 154). 
The acid gave all the characteristic reactions of protocatechuic 
acid, showed no depression in melting point in admixture with this 
acid, and gave veratric acid, m. p. 181°, on methylation. It formed 
a diacetyl derivative, m. p. 152° (compare Herzig, Monatsh 1885, 
6,872). 

Fusion of 4-Sulpho-3-methoxy benzoic Acid with Alkali. — Acid 
potassium 4-sulpho-3-methoxybenzoate (15 g.) was similarly fused 
at 310°, and the fused mass examined as described above. The 
ethereal extract gave a product, m. p. 199°, identical with proto- 
catechuic acid (yield, 6 g.). 

In other fusions the temperature was maintained at 270° and 
280°, and the mass examined. The neutral solution after con- 
centration was acidified with hydrochloric acid; acid potassium 
sulpho-m-hydroxybenzoate then crystallised in prismatic plates, 
showing in alkaline solutions the violet fluorescence of sulpho-m- 
hydroxybenzoic acid (Found : K, 14-2; H 2 0, 6*5%; equiv., 274*0). 
The acid mother-liquor on extraction with ether gave some proto- 
catechuic acid, which showed that in the fusion of sulpho-m- 
methoxybenzoic acid with alkali demethylation preceded the 
replacement of the sulpho-group by hydroxyl. 

4:~Chlorosulphonyl-3-methoxybenzoyl Chloride . — The anhydrous acid 
potassium salt of 4-sulpho-3-methoxybenzoic acid (I) (15 g.) was 
triturated with phosphorus pentachloride (35 g.) and heated on a 
water-bath for 5 hours. The mixture became syrupy and hydrogen 
chloride was copiously evolved. The mixture was poured into 
ice- water and the insoluble portion was washed and dried (yield, 
14 g.). The substance gradually changed in cold water, and in 
boiling water was readily hydrolysed to 4-sulpho-3-methoxy benzoic 
acid. It dissolved freely in benzene and toluene and moderately 
readily in carbon tetrachloride. 4c- Chlorosulphonyl-o-methoxy benzoyl 
chloride separated in rectangular plates, m. p. 87° (Found : S, 
11*8; Cl, 26*15. C 8 H 6 0 4 C1 2 S requires S, 11*9; Cl, 26*4%). 

4-Chlorosulphonyl-3-metkoxybenzoic Acid. — Finely powdered 4- 
chlorosulphonyl-3-methoxybenzoyl chloride (8 g.) was shaken with 
cold water (800 c.c.), the course of the hydrolysis being followed by 
the rise observed in the melting point of the product. After 8 days, 
the residue, which consisted solely of 4- chlorosulphonyl-Z-methoxy- 
benzoic acid, m. p. 214°, was collected, washed, and dried (yield, 
5 g.). The substance, which was sparingly soluble in all organic 
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solvents, crystallised from toluene in small plates [Pound : S, 12-7 ; 
Cl, 14*1 ; equiv. (excess of NaOH solution and back-titration), 
83*0. C s H 7 0 5 aS requires S, 12*8; Cl, 14*2%; equiv. (if S0 2 C1 
becomes -S0 3 H and HC1), 83*5]. 

4-Sulphonamido-3-metkoxybenzamide was obtained in quantitative 
yield by beating finely powdered 4-ehlorosulphonyl-3-methoxy- 
benzoyl chloride (5 g.) with ammonia ( d 0*88; 50 c^c.) until the 
excess of ammonia was expelled. It crystallised from water in fine 
needles or plates, m. p. 255° (Found : S, 13*8 ; N, 12*2. C 8 H 10 O^N 2 S 
requires S, 13*9; N, 12*2%). 

4-Sulphonamido-Z-methoxybenzoic Acid (II).— (1) 4-Chlorosulph- 
onyI-3-methoxybenzoic acid (3 g.) was dissolved in concentrated 
aqueous ammonia (30 c.c.), and the excess of ammonia expelled by 
boiling. The solution on acidification gave 2*9 g. of 4-sulphonamido- 
3-metkoxybenzoic acid (II), m. p. 290° (decomp.). 

(2) 4-Sulphonamido-3-methoxybenzamide (2 g.) was boiled under 
reflux with concentrated hydrochloric acid (20 c.c.) for 24 hours 
and the solid product after cooling was collected, washed, and dried 
(yield, 2 g.). It had m. p. 290° (decomp.) and was identical with 
that obtained in (1). 

(3) Another method of preparation is described on p. 1300. 

The sulphonamido-3-methoxybenzoic acid was readily soluble in 
methyl alcohol, ethyl alcohol and acetone, moderately readily 
soluble in hot water, and almost insoluble in benzene and toluene. 
It crystallised from 50% alcohol in small rhombic plates [Found : 
S, 13*8; N, 6*1; equiv. (excess of NaOH solution and back- 
titration), 115*2. C 8 H 9 0 5 NS requires S, 13*85; N, 6*1%; equiv. 
(if S0 2 *NH 2 becomes S0 3 H and NH S ), 115*5]. 

4- TMol-Z-methoxybenzoic Acid (monothio vanillic acid).— 4-Chloro- 

sulphonyl-3-methoxybenzoic acid (5 g.) was treated with tin (15 g.) 
and hydrochloric acid (40 c.c.) in the cold. After 2 hours the mix- 
ture was heated on a water-bath until the tin had dissolved. Excess 
of hydrochloric acid was then added and, after cooling, the solid, 
which floated on the surface, was collected, washed with dilute 
hydrochloric acid, dried (yield, 4 g.), and purified by repeated 
dissolution in sodium hydroxide and precipitation with hydrochloric 
acid. The acid dissolved readily in almost all organic solvents 
but with difficulty in water. It separated from dilute alcohol in 
microciystalline form, m. p. 180° (Found : S, 17*3. C 8 H 8 0 3 S 

requires S, 17*4%). 

5- Metkoxybenzoic Acid 4-Disulphide . — 4-Chlorosulphonyl-3-meth- 
oxybenzoie acid (1 g.) was dissolved in alcohol and reduced with 
zinc dust (1*5 g.) and hydrochloric acid (10 c.c.) in the cold. After 
removal of the excess of zinc dust the clear liquid was treated with 
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solid ferric chloride in presence of hydrochloric acid and kept; for 
1 hour. The disulphide , which separated on dilution with water, 
was washed, dissolved in aqueous sodium carbonate, and repre- 
cipitated with hydrochloric acid ; it then crystallised from dilute 
alcohol as a fine white powder (0*9 g.), m. p. 270°, to a dark red 
liquid after softening at 250° [Found : equiv., 181*8. (C 8 H 7 0 3 ) 2 S 2 

requires equiv., 183]. 

4:-Meihylthiol~3-metJioxybenzoic acid (monothioyeratrie acid) was 
prepared from the thiol acid (3 g.), 25% sodium hydroxide solution 
(40 c.c.), and methyl sulphate (6 c.c.) in the usual way. A sodium 
salt which separated in short silky needles redissolved on addition 
of water. The solution on acidification gave a flocculent mass, 
which crystallised readily from all organic solvents, except chloro- 
form and carbon tetrachloride, in lustrous needles (3 g.), m. p. 193° 
(Found: S, 16*1; equiv., 197*8. C 9 H 10 O 3 S requires S, 16*2%; 
equiv., 198*0). 

3-Methoxybenzoic Acid A-MeiJiylsulphone (V). — 4-Metliylthiol-3- 
methoxybenzoic acid (2 g.) was dissolved in aqueous sodium hydr- 
oxide and treated with 5% potassium permanganate solution on a 
boiling water-bath until the purple colour persisted. After addition 
of a little alcohol and filtration, the solution was concentrated to a 
small bulk and acidified; 3-methoxybenzoic acid 4,-methylsulphone 
then separated in well-defined plates (1*9 g.), m. p. 227°, which 
were recrystallised from dilute alcohol (Found : S, 13*9 ; equiv., 
230*1. C 9 H 10 O 5 S requires S, 13*9%; equiv., 230*0). Thesulphone 
is readily soluble in alcohol and acetone, moderately easily soluble 
in hot water, and almost insoluble in benzene, toluene, chloroform, 
and carbon tetrachloride. 

[With Mr. C. T. Bhatt.] Z-Methoxy toluene A-siilphinic Acid (III) 
and S-MethoxytolueneA-sulphonic Acids — These were prepared by 
following the experimental work of Haworth, and Lapworth ( loc . 
cit.). m-Cresol was nitrated by Staedel’s method (Annalen, 1883, 
217, 49; 1890, 259, 208) and 4-nitro-m-cresol, m. p. 56°, was 
separated from its 6-isomeride by distillation with steam. 4-Nitro- 
m-cresol thus obtained was dissolved in xylene, treated with potass- 
ium carbonate and methyl sulphate and converted into 4-nitro-3- 
methoxytoluene (m. p. 61°) by heating under reflux for 20 ho\irs. 
The methyl ether on reduction with stannous chloride and hydro- 
chloric acid produced 4-amino-3-methoxytoluene, which was dis- 
tilled with steam, diazotised, and treated with sulphur dioxide in 
presence of finely divided copper, all the necessary precautions 
suggested by Haworth and Lapworth in the conversion of diazo- 
sait into sulphinic acid being taken. 

3-Methoxytoluene-4-sulphinie acid (III), which crystallised in 
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long needles, m. p. 111°, was digested with barium carbonate, and 
its barium salt oxidised with 1% barium permanganate solution. 
The barium 3-methoxytoluene-4-sulphonate which was thus held 
in solution was recovered and treated with the equivalent of potass- 
ium carbonate to give the corresponding potassium salt. The 
anhydrous potassium salt when digested with phosphorus penta- 
chloride gave 3-methoxytoluene-4-sulphonyl chloride, m. p. 79°, 
which on treatment with ammonia produced 3-methoxytoluene-4- 
sulphonamide (IV). m. p. 169°. Haworth and Lapworth give 79° 
and 168° respectively. 

4-Sulpho-3-methoxybenzoic Acid (I) from 3-Methoxytoluene-4- 
sulphimc Acid (HI). — The above potassium 3-methoxytoluene-4- 
sulphonate, prepared from 3-methoxytoluene-4-sulphinic acid (III) 
(5 g.), was oxidised with 5% permanganate solution. After the 
manganese dioxide had been removed, the filtrate was concentrated 
and acidified with hydrochloric acid ; the characteristic acid potass- 
ium 4-sulpho-3-methoxy benzoate, then obtained in well-shaped 
rhombic plates (3 g.), was recrystallised from water (Found : K, 
13*5; H 2 0, 6*35%: equiv., 287*5). This salt was successively 
converted into 4-chlorosulphonyl-3-methoxybenzoyl chloride, m. p. 
87°, 4-chlorosulphonyl-3-methoxybenzoic acid, m. p. 214°, 4-sulphon- 
amido-3-methoxybenzamide, m. p. 255°, and 4-sulphonamido-3- 
methoxybenzoic acid, m. p. 290° (decomp.), which were identical 
with those prepared from sulpho-ra-hvdroxybenzoic acid methvl 
ether (I). 

4,-Sidphomimido-Z-mcthoxybenzoic Acid (II) from Z- M ethoxy - 
toluewA-sulphormmde (IV) . — 3 - Methoxytoluene - 4 - sulphonamide 
(IV) (2 g.) was oxidised with 5% potassium permanganate solution 
and the filtered liquid was concentrated and acidified with hydro- 
chloric acid. 4-Sulphonamido-3-methoxybenzoie acid crystallised 
in small rhombic plates (1*8 g.) which, alone or mixed with specimens 
obtained by the two methods already described, melted and decom- 
posed at 290° (Found : equiv., 115*4)? 

4 - Thiol - 3 - methoxytoluene . — 3 - Methoxytoluene - 4 - sulphinie acid 
(III) (5 g.) was reduced with tin (15 g.) and hydrochloric acid (40 
c.c.) by the method described on p. 1298. 4t-Thiol-Z-meihoxy toluene, 
isolated by steam-distillation and extraction with ether, was 
obtained as a colourless oil (4 g.), b. p. 254°, readily soluble in organic 
solvents (Found : S, 20*7. C 8 H 10 OS requires S, 20*8%). In 
alcoholic solution it gave with mercuric chloride a white mercaptide 
and with lead acetate a canary-yellow mercaptide [Found : Pb, 40*1. 
(C 8 H^OS) 2 Pb requires Pb, 40*4%]. The benzoyl derivative, pre- 
pared by shaking an alkaline solution of 4-thiol-3-methoxytoluene 
with benzoyl chloride, crystallised from dilute methyl alcohol in 
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thin plates, m. -p. 76°. The disulphide separated readily when a 
solution of iodine in potassium iodide was added to a solution of 
the mercaptan in sodium hydroxide ; it crystallised from methyl 
alcohol in prismatic plates, m. p. 83°. 

4c~MethylthiQl-S-methoxytoluem.—T!h.e above mercaptan (3 g.), 
dissolved in 25% sodium hydroxide solution (30 c.c.), was heated 
with methyl sulphate (6 c.c.) on a water-bath for 2 hours. The 
methylthiol , which separated as an oil and was extracted with ether, 
had an aromatic odour and boiled at 269 — 270° (yield, 3 g.) (Found : 
S, 19*0. C 9 H 12 OS requires S, 19*0%). When oxidised with hot 
alkaline 5% potassium permanganate solution, it was converted into 
3-methoxybenzoic acid 4-methylsulphone , which, alone or mixed 
with the specimen described above, melted at 227° (Found : S, 
13*8%; equiv., 229*6). 

The Madhavlal Ranohhodlal Science Institute, 

Gujarat College, Ahmed ab ad. [Received, December 2 3rd, 1929.] 


CLXV . — The Action of Substituted Aromatic Amines 
on Camphoric Anhydride. Hydroxy-, M ethoxy-, 
and Ethoxy-camphoranilic Acids and Camphoro- 
methoxy- and -ethoxy-phenylimides. 

By Mahan Singh and Ram Singh. 

The work on the effect of the substituents on the rotatory powers ■ 
of substituted camphoranilic acids and camphorophenylimides 
(J., 1925, 127, 1966; 1927, 1944; 1928, 2410) has been extended 
to include 2'- and 4'-hydroxy-, -methoxy-, and -ethoxy-camphor- 
anilic acids and the corresponding phenylimides. 

Table I records the values of [Jf] 0 for the 2'- and the 4'- substituted 
camphoranilic acids in the four solvents formulated. In every case 

Table I. 


2'rSubstitueat. MeOH. EtOH. Me s CO. MeEtCO. 

OH —37° -47° —45° —53° 

OMe +30 +28 -16 —10 

OEt —50 -62 , -90 —89 

A'-Substituent. 

OH +246° +266° +154° +203° 

OMe' +163 +152 +122 + 99 

OEt +180 +154 +116 +104 


the ^-substituted compound exceeds the 2'- in molecular rotatory 
power. The relative influence of the substituents on the rotatory 
power is in the order OEt > OH > OMe for the 2'- and OH > 
OEt > OMe for the ^-substituted acids. Methoxyl, which in the 
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2 '-position produces an exceptionally large depression (compare 
Bretseher, Rule, and Spence, J., 1928, 1493), stands at one end of 
the polar series, carboxyl being at the other. Ethoxyl, instead of 
occupying a position near methoxyl, follows iodine in the polar 
series : this position is also indicated by the values of the acid / 
imide ratio (see J., 1928, 2411) for the phenetidines (see below). 

The rotatory powers of cyclic compounds are generally greater 
than those of the corresponding open-chain derivatives, but the 
camphoranilic acids and the camphorophenylimides are exceptions 
to the rule (Wdotton, J., 1910, 97, 405; see also Singh and Puri, 
J., 1926, 504). Wootton has cited the cases of a-naphthyl and 
o-bromophenyl derivatives of camphoranilic acid, where the mole- 
cular rotatory powers of the imides are greater than those of the 
corresponding acids. It has, however, been shown (Singh, Ahuja, 
and Lai, J., 1928, 2410) that the o-bromo-acid prepared by Wootton 
was impure and that the pure acid has [M] B = — 61° (in acetone) 
and not — 41°. Examples are now given in camphoro-o-methoxy- 
phenylimide and camphoro-o-ethoxyphenylimide (in methyl alcohol 
and in ethyl alcohol) which have greater rotatory powers than the 
corresponding acids. 

Expebimental. 

Camphoric anhydride was condensed with the hydroxy-, methoxy-, 
and ethoxy-anilines by the general method (J., 1928, 2410). The 
condensations were carried out at different temperatures to ascertain 
the effect of temperature on the acid/imide ratio. 

2' -H ydroxycampkora n ilic Acid. — The condensation product, 
which had a repulsive odour, was dissolved in alcohol, water was 
added, and the precipitated oil was removed and extracted with 
dilute sodium bicarbonate solution. The reddish-brown extract 
on acidification with dilute acetic acid gave the camphoranilic 
acid as a gummy mass. A solution of this in aqueous ammonia 
was boiled with animal charcoal and filtered, and the acid repre- 
cipitated. 2 ' -Hydrozycamjphoranili c acid finally separated from an 
alcoholic solution (charcoal), after addition of a little water, in 
minute prisms, m. p. 183° after shrinking at 159° (Found : N, 4*9. 
C 16 H 2 i0 4 lSr requires N, 4*8%). 

4'-Hydroxycamphoranilic acid crystallised from dilute alcohol in 
deep violet prisms, which gave a light grey mass when powdered; 
m. p, 241 — 242° (Wootton, loc. cit., gives m. p. 239°) (Found : N, 
4*9. Calc. ; N, 4*8%). 

2 r -M eiJboxycamph-cyrafii lie Acid and Campharo-o-methoxypfienyl- 
imide.- — The condensation was carried out at 125% at 140°, and at 
150° : the yield of imide was 38 — 40% at 150°. 



ABOMATTC AMINES ON CAMPHOBIC ANHYDRIDE. 


1303 


The acid crystallised from dilute alcohol in small plates, 
m. p. 152° after shrinking at 141° (Pound : N, 4*8 ; equiv., 309. 
C 17 H 23 0 4 N' requires N, 4*6% ; equiv., 305). The imide crystallised in 
needles, m. p. 136° (Found : 1ST, 4*9. C 17 H 21 0 3 N requires N, 4*9%). 
The acid is more soluble than the imide in the usual organic solvents. 

4' -M ethoxy camphoranilic acid formed colourless prismatic needles, 
m. p. 204° (Found : N, 4*7% ; equiv., 303). 

Camphor o-’p-meihoxypJienylimide separated from alcohol in 
needles, m. p. 122 — 123° (Found : 3ST, 5*0%). The following yields 
were, obtained; at 120°, 0; at 140°, trace; at 150°, 33 — 34%; 
above 200°, 100%. 

2 '-Ethoxycamphoranilic Acid and Campho7'o-o-ethoxyphenylimide . — 
The acid crystallised in short prismatic needles, m. p. 146—147° 
(Found: 1ST, 4*5; equiv., 319. C 18 H 25 0 4 lSr requires N, 4*4%; 
equiv., 319). 

The imide , obtained by heating the condensation mixture at 
220° for 1J hours or by Wootton’s method ( loc . cit.), melted at 138° 
(Found : N, 4*7. C 18 H 25 0 3 N requires 1ST, 4*65%). The yield of 
the imide was : at 125°, 0 ; at 140°, 0 ; at 150°, very small ; above 
200 °, 100 %. 

4* -Ethoxy camphoranilic Acid a?id Camphoro-p-ethoxyphenylimide. 
— The acid crystallised in small thick prisms, m. p. 202 — 203° 
(Found : N, 4*5%; equiv., 316). 

The imide crystallised from alcohol in thin needles, m. p. 122° 
(Found : N, 4*7%). The yield was negligible at 125° and at 140° 
and 27% at 150°. 

If anisidine and phenetidine compounds are heated too rapidly 
in the combustion tube during analysis, methane is evolved (compare 
Forster, J., 1909, 95, 952). 

Table II. 


Itotatory Powers of Hydroxy-, Methoxy-, and Ethoxy- 
camphoranilic Acids and of the Corresponding Imides (l = 2). 
Camphoranilic Acids. 

Cone. Cone. Cone. 


Solvent. : c.c.). [a] D . 


2%Hydroxy-. 


MeOH . 

0-1385 

-12-6= 

EtOH 

...... 0-1450 

-16*2 

Me 2 CO ....... 


-15-4 

MeEtCO 

0-1564 

-18-5 


i'-Methoxy-. 

MeOH 

.™. 0*2671 

4-53-3 

EtOH ......... 

...... 0-2570 

4-49-9 

Me.CO 

...... 0-2491 

+40-1 

MeEtCO 


4-32-7 


(g-/25 (g./25 

e.e.). [a]n. c.o.). [a]n. 

4'-Hydroxy-. S'-Methoxy-. 

0-1242 +84-5° 0-2183 +9-7° 

0-1200 +91-6 0*2201 +9-0 

0-1251 +52-9 0-3268 -5-3 

0-1290 +69-8 0-4390 -3-1 

2'-Ethoxy-. 4'-Ethoxy-. 

0-4161 -15-6 0-2465 +56-3 

0-4220 -19-5 0-2504 +48-3 

0-4498 -28-3 0-2569 +36-4 

0-4144 -28-0 0-2459 +32-6 
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Camphorophertylimid es . 


Cone. Cone. 



(g.y2Be.e.). Md. 

[Ml D. 

(g./25 c.c.). 

[a] D - 

[Mfe- 

MeOH . 

.. 0*2638 

o-Methoxy-. 
+ 17*1° 

49° 

jj-Methoxy-. 
0-2515 +29-3° 

84° 

EtOH .... 

.. 0*2427 

+ 14*9 

43 

0*3437 

+ 21*8 

63 

Me,CO . 

0*2657 

+ 14*1 

40 

0*2561 

+ 17*0 

49 

MeEtCO . 

... 0*2628 

+ 15*3 

44 

0*2724 

+ 11-9 

34 

MeOH . 

,.. 0*1205 

o -Ethoxy-. 
+ 38*1 

115 

p- Ethoxy-. 
0-2461 +28-4 

86 

EtOH .... 

... 0*1257 

+ 32*6 

98 

0*3429 

+ 15*6 

47 

Me 2 CO . 

,.. 0*1201 

+ 26*6 

80 

0*2461 

+ 17*7 

53 

MeEtCO . 

... 0*1256 

+ 2o*4 

77 

0*2553 

+ 13*0 

39 


The readings were taken in a 2-dcm. tube at 23° within 30 
minutes of making up the solution. There was no mutarotation. 

Governatent College, Punjab University, 

Lahore (India). [Received, December 1 6th, 1929.] 


CLXVL — The Validity of the Interference Method for 
the Measurement of the Specific Area of a Copper 
Surface. 

By Frederick James Wilexsts. 

The surfaces of all solids are rough, and possess irregularities of 
both microscopic and macroscopic dimensions : even optically 
plane surfaces probably contain roughnesses of a molecular order. 
In general, therefore, the specific area of a surface will be very 
different from its apparent area. Of the methods proposed for the 
measurement of the specific area, those due to Bowden and Rideal 
( Proc . Hoy. Soc 1928, A, 120, 80), Constable {ibid., 1927, A, 115, 
570), and Wilkins (. Nature , 1930, 125, 236) are particularly suitable 
for use with metals. Bowden and Rideal calculate the specific 
area from the amount of hydrogen which must be deposited upon 
an electrode in order to bring about a given change of potential, as 
compared with the amount required to bring about the same change 
of potential at a liquid mercury electrode. Wilkins has pointed 
out that the specific area may be measured if the vapour pressure 
and rate of vaporisation of the surface are known. Constable’s 
method is entirely different, however ; having shown that the colour 
of the oxide film formed on metals, such as nickel, copper, and iron, 
is due to interference and is consequently determined uniquely by 
its thickness, he calculates the volume of a film from its weight and 
the density of^the oxide, and combines this with its thickness, as 
determined by its colour, to estimate the specific area of the surface. 
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It is difficult to compare results obtained by these three methods. 
Bowden and Rideal measure the area accessible to hydrated hydrogen 
ions, and Wilkins measures that accessible to condensing atoms of the 
vaporising solid ; thus these two methods should give similar results, 
and although the experimental evidence to which the latter method 
can be applied, is at present scanty, yet the respective results are 
not contradictory. The relation between the results obtained by 
these methods and that of Constable is much more complex. In the 
particular case of an activated nickel surface, the results obtained 
by Constable and by Bowden and Rideal are widely different. The 
former (Proc. Roy . Soc ., 1928, A , 119 , 196) finds that the ratio (A) 
of the specific to the apparent area is 1*3 — 4*5, depending upon the 
degree of activation of the surface, while the other workers obtain 
the much higher value of 46 for a recently activated surface, and 29 
for the same surface after it has been allowed to “ age.” Bowden 
( Nature , 1928, 122 , 647), discussing the difference between these 
figures, has pointed out that- the interference method is unable to 
take account of irregularities which are of an order less than 10~ 5 cm. 
It would appear, therefore, that these minute irregularities are able 
to increase the specific area by a factor of at least 10. 

During the course of a study of the kinetics of the oxidation of 
copper, an opportunity arose for the application of the interference 
method to this metal. Constable, while providing the necessary 
optical data for this case, has studied only nickel in detail. It is 
clearly important that the values of A obtained for nickel should be 
confirmed (as far as order of magnitude is concerned) by experiments 
on another metal, so that the reality of the ten-fold factor may be 
substantiated. 

Experimental. 

The copper was used as pieces (1 sq. dm. in area) of pure electrolytic 
foil which had been carefully cleaned by abrasion first with emery 
paper of gradually increasing fineness and finally with Hubert 000. 
It was further cleaned by rubbing with cotton-wool dipped in 
alcohol and then with dry grease-free cotton-wool. The oxidations 
were carried out by heating either in air or in a closed system of 
known volume containing pure oxygen. In the first case, the 
amount of oxide formed was determined by weighing the copper 
before and after oxidation on a Sartorius microbalance; in the 
second, the weight of oxide was determined from the fall of pressure 
in the system. The pressures were determined accurately by measur- 
ing the movement of a mercury column with a travelling microscope. 
Activation of the copper was brought about by reduction with 
hydrogen. A detailed account of the experimental technique will 
appear in a forthcoming paper. 
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Results . 

(1 ) Values of A for Copper Surfaces which have not been activated . — 
The first series of experiments refers to the oxidation of copper foil 
at 183°. The results are shown in Table I in the order of increasing 
film thickness. In all the tables, weights of oxide are given as 
mg. per sq. dm. The figures of column 2 were determined from the 
colour of the oxide film, Constable’s data being used to correlate 
this with the thickness (see Proc. Roy . Soc 1928, A, 119, 196). 


Table I. Table II. 


Wt. of 

Wt. of oxide. 

Ratio, 

Temp, of 

Wt. of 

Wt. of oxide. 

Ratio, 

oxide. 

from colour. 

A. 

oxidation. 

oxide. 

from colour. 

A. 

2*22 

5*01 

0-443 

125° 

0-843 

2-47 

0*341 

2*54 

5*18 

0-490 

150 

L73 

2-82 

0-614 

3*64 

5*76 

0-632 

175 

3*37 

5*41 

0-623 

3-S2 

5*88 

0-65 

200 

5-68 

7-41 

0*767 

4*56 

7*23 

0-63 






All the experiments give anomalous values of A, a value of less than 
unity being physically impossible, since it suggests that the specific 
area is less than the apparent area. 

In order to confirm the result, Vernon’s data (J., 1926, 2273) 
were used for the calculation of A (see Table II). The figures of 
Tables I and II are in complete agreement, showing that over the 
experimental range A is always less than unity, and increases as the 
temperature of oxidation and the thickness of the oxide film increase. 
The thickness of the surface film containing oxide does not, therefore, 
determine uniquely the colour of the film. In an attempt to obtain 
further information, a few determinations of A were made with 
activated copper surfaces, for all Constable’s work has been carried 
out on activated metallic surfaces. 

(2) Values of A for Activated Copper Surfaces . — The first experi- 
ments were made with a sample of copper which had been oxidised 
and reduced many times until it had reached a state of maximum 
activation. The results were : 

Temp, of oxidation 

Wt. of oxide 

„ , from colour 

A 

The change in the value of A given by the experiment at 305° is 
particularly interesting. The reduction after the first experiment 
was earned out at 183°. Since the subsequent oxidation at 305° 
required only a few minutes, the deactivation accompanying it must 
have been slight. The increase in A is therefore to be attributed 
solely to the increase in the temperature of oxidation. This 
phenomenon was confirmed in a second series of experiments in 


183° 

305° 

3*61 

5*00 

-2-24 

2*53 

1*62 

1-98 
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which A was determined for a specimen of copper during a period 
of gradually increasing activation (see Table III)* The value of A 
seems to be dependent chiefly upon the temperature of oxidation — * 
at least, to such an extent as to mask any changes due to activation. 


Table III. 


No. of expt. 

Temp, of 
oxidn. 

No. of oxidns. 
after reduction. 

Wt, of 
oxide. 

Wt. of oxide, 
from colour. 

. A. 

1 

305° 

2 

5-79 

2-71 

2-14 

2 

305 

3 

5*39 

2*53 

2-13 

3 

183 

4 

4-92 

3-44 

1-43 

4 

183 

6 

4*01 

2*94 

1*37 

5 

183 

20 

4-35 

2-53 

1-72 

.6 

183 

21 . 

4-47 

2-53 

1-76 


Expt. 1 was carried out on a piece of copper which had been already 
oxidised once and reduced at 305°. The activation of the surface 
gives a value of A greater than unity and of the order of those 
obtained by Constable in his work. The oxide film formed in this 
experiment was reduced at 305°. Notwithstanding the increase of 
activation (as measured by the increased rate of oxidation) between 
Expts 1. and 2, any change in the value of A was smaller than the 
experimental error, which is about 0-1 unit. Even more striking 
is the value of the ratio obtained from Expt. 3. Before this oxid- 
ation, the oxide film had been reduced at 183°, and reduction at this 
low temperature should be accompanied by a considerable increase 
in area owing to the decrease in the sintering of the surface. Instead 
of an increase in A, however, an unexpected decrease was obtained. 
Subsequent activation at 183° gave at the terminal state (see Expts. 
5 and 6) values in reasonable agreement with that of the first 
experiment in the previous series (p. 1306). 

Discussion . 

The experimental results may be summarised by saying that 
copper which has not been activated gives anomalous values for A , 
which are dependent upon the temperature and the thickness of the 
oxide film ; further, while the values of A given by activated copper 
are greater than unity, they are also very largely dependent upon 
the temperature of heating, and are scarcely affected by the 
activation of the surface. 

The interference theory of the colours of thin films of oxide on 
metals seems to be well established qualitatively (see, e.g Evans, 
J., 1925, 127, 2484; Proc. Boy.- Boo., 1925, A , 107, 228; Chem. and 
Ind., 1926, 45, 213). Constable’s work provides the chief quantit- 
ative evidence in its favour, in that he has shown that if the quantity 
of oxide determined directly is corrected by an area factor (A>1) 
it is equal to the quantity of oxide given by the colour of the film. 
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This work has shown, however, that in the case of copper, the nature 
of the correcting factor A is not so simple as Constable has supposed. 
In order to interpret the anomalies two courses are open, viz., (a) to 
reject the interference theory as an explanation of the colours; 
(b) to amend the calculations of Constable. In view of the qualitative 
evidence in favour of the interference theory, the second course 
would seem to be the more hopeful. 

Experiments on the kinetics of the low-temperature oxidation of 
copper (shortly to be published ; compare also Wilkins, Z. Elektro- 
chem 1929, 35 , 500) have shown that oxygen diffuses through the 
oxide film to the underlying copper along the grain boundaries of 
the oxide. The oxidation of copper appears, therefore, to proceed 
grain by grain ; and it is to be expected, in consequence of this 
granular oxidation, that the oxide film will contain appreciable 
quantities of unchanged copper. Further, one would expect the 
proportion of unchanged copper in the film to be the greater the 
larger the grain size of the copper and the thinner the film. Direct 
experimental evidence demonstrating the existence of this un- 
changed copper has been recently obtained by Evans and Stockdale 
(J., 1929, 2651), who heated a square sheet of copper along one 
edge, obtaining a film of oxide of thickness gradually decreasing as 
the distance from the hot edge is increased. They found that the 
thin oxide films formed at the low-temperature points contained 
c< much residual metallic copper ” ; the proportion of metallic 
copper to oxide gradually diminished as the high-temperature edge 
was approached. 

An explanation of the experimental results is now possible on the 
basis that the colour of the oxide films is an interference phenomenon. 
Copper which has not been activated is made up of large grains. 
The film which gives rise to the colour will not, therefore, be pure 
oxide, but will contain large amounts of unchanged metal. The 
volume of the film as calculated by Constable’s method will con- 
sequently be much too great, and values of A will be obtained which 
are less than unity. The gradual increase in A with increasing film 
thickness is in perfect agreement with this interpretation. 

Activated copper, on the other hand, has a much smaller grain 
size, and the oxide films formed by it will contain less unchanged 
copper. Further, the proportion of unchanged copper will, as 
before, be smaller the higher the temperature. 

We therefore conclude that, as far as copper is concerned, Con- 
stable’s interference method possesses very narrow limitations; 
for it is clear that, if results of accuracy are to be obtained, one 
must determine the optical properties and the density of each 
film. 
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This restriction will not apply to nickel, for Evans and Stockdale 
{ioc. tit.) have shown that its oxide films are remarkably free from 
metallic occlusions. The yalues of A for this metal determined by 
the interference method are trustworthy. Further, although the 
values of A found in this work for activated copper are not a true 
indication of the specific area, they are of such a nature that they 
may be said to confirm, as far as order of magnitude is concerned, the 
results of Constable for activated nickel. The remarkable increase 
of A when determined with the hydrogen-ion method is therefore 
real; and the irregularities of dimensions less than 10" 5 cm. would 
appear to increase the specific area by as much as ten times. 

Summary. 

It is shown that, when Constable's interference method for the 
measurement of the specific area of a surface is applied to oxide 
films formed on copper which has not been activated, the values 
obtained for the ratio (A) of the specific to the apparent area are 
anomalous in that they are always less than unity. Further, A is 
not a constant for a given surface but increases with the thickness 
of the oxide film and the temperature of oxidation. Activation of 
the copper surface by oxidation and reduction gives values of A 
which are greater than unity but are still dependent upon the 
temperature of oxidation.. The interference method, therefore, 
does not give trustworthy values for the specific area when applied 
to the measurement of copper surfaces. 

It is suggested that these results may be explained by assuming 
that the oxide film contains unchanged metallic occlusions, the 
proportion of unchanged metal to oxide varying with the conditions 
and extent of oxidation. Experimental evidence is cited in favour 
of this interpretation. 

My thanks are due to Dr. W. H. Mills for the use of his micro- 
balance, and to the British Non-Ferrous Metals Research Association 
for a grant. I should, further, like to express my indebtedness to 
Dr. E. K. Rideal for his constant interest and advice during the 
progress of this research. 

Laboratory or Physical Chemistry, 

Cambridge. [Received, March 20th, 1930.] 
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CLXVII . — The Lower Trialkyl Orthophosphates. 

Part I. 

By David Philip Evans, Walter Cole Davies, and William 

Jacob Jones, 

Although fairly complete information respecting some of the 
physical properties of trimethyl and triethyl orthophosphates is 
available, little is known concerning those of the other lower alkyl 
orthophosphates. Boiling points and densities of tri-^-propyl, 
tri&opropyl, and tmsobutyl phosphates have been recorded, but 
iri-n-butyl and tri-n-amyl orthophosphates have not hitherto been 
prepared. The preparation and properties of several phosphoric 
esters have been recently described by Plimmer and Burch (J., 
1929, 279, 292). The present series of investigations is confined to 
the determination of certain physical constants of the lower trialkyl 
phosphates from methyl to amyl. In view of the paucity and the 
conflicting character of the results hitherto recorded concerning the 
physical properties of the phosphoric esters, it was considered 
advisable to carry out new measurements. 

Experimental. 

The phosphates were prepared by the action of phosphorus 
oxychloride on the sodium alkoxides. Eor instance, in the prepar- 
ation of tri-n-batyl orthophosphate , sodium w-butoxide was first made 
by adding gradually 46 g. of sodium to 600 c.c.of n-butyl alcohol and 
then distilling off the excess of alcohol under reduced pressure. 
To the butoxide, 200 c.c. of dry ether were added, and 60 c.c. of 
phosphorus oxychloride in 100 c.c. of ether were run in with ice- 
cooling. The mixture was then boiled gently for an hour, water 
added, and the ethereal layer separated and dried over anhydrous 
sodium sulphate. The ether having been expelled, the residual 
liquid was distilled under 50 mm. pressure, 70 g. of ester being thus 
obtained. It was purified by several redistillations [Found : 
P, 11*9. (C 4 H 9 ) 3 P0 4 requires P, 11*7%]. Tri-n-amyl ortho- 
phosphate was prepared in a similar way [Found : P, 10*0. 
(^5 ®-^i) 3 P0 4 requires P, 10*1%]. 

The determination of phosphorus in these esters was effected 
gravimetrically by oxidation with a mixture of concentrated nitric 
and sulphuric acids, neutralisation with ammonia, and precipitation 
with ammonium molybdate. 

On being distilled, even under 5 mm. pressure in the absence of 
air, tri- (3 -methylbutyl, tri-y-methylbutyl, and tri-n-hexyl ortho- 
phosphates decomposed, whilst the tri-7i-amyl ester gave distinct 
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indications of decomposition on being distilled under 150 mm., and, 
similarly, tri-?i-butyl phosphate under 760 mm. 

The lower trialkyl orthophosphates, with the exception of the 
methyl and ethyl members, are incompletely miscible with water at 
the ordinary temperature, but they mix in all proportions with 
alcohol, ether, or benzene. The methyl ester possesses a buttery 
smell, the ethyl a sharp apple-like one, whilst the propyl, butyl, and 
amyl esters have musty, but pleasant, odours. The w-butyl and 
w-amyl phosphates were very slightly yellowish, the colour apparently 
indicating incipient decomposition. 

The boiling points under 50 mm., 100 mm., and 150 mm. were 
determined in an apparatus which permitted of the constant main- 
tenance of any low pressure by means of a controllable air-leak into a 
reservoir in conjunction with a “ Hyvac ” air-pump. Thermo- 
meters and barometers standardised at the National Physical 
Laboratory were employed, and all necessary corrections were 
applied. In the determinations of density, weighings were corrected 
for displacement of air. The coefficients of thermal expansion, a, 
have been calculated by means of the formula, 

a = {df - df)/{4Qdf - 2 5df). 


Table I. 


Boiling Points , Densities , and Coefficients of Thermal Expansion of 
Trialkyl Orthophosphates. 


Phos- 

phate. 

B.p. under given pressure (mm.Hg). 
10 50 100 150 760 

df. 


a X 10 5 , 

Methyl 

73 9 

110° 

129° 

142° 

196° 

1*2052 

1*1872 

104 

Ethyl 

90 

128 

148 

159 

215 

1*0637 

1*0490 

96 

w-Propyl 

121 

161 

180 

193 

252 

1*0023 

0*9884 

96 

w-Butyl 

• 150 

196 

211 

227 

289 

0*9727 

0*9596 

93 

Butyl 

138 

177 

196 

209 

264 

0*9617 

0*9483 

96 

71-Amyl 

— 

225 

— 

— 

— 

0*9497 

0*9373 

90 


When plotted against temperature, the present values of the 
density of the methyl ester agree with those of Weger {Annalen, 
1883, 221, 89) at 0° and of Cavalier {Bull. Soc. chim., 1898, 19, 887 ; 
Ann. Chim. Phys., 1899, 18, 460) at 15°, but not with the values 
given by Arbusov (/. Russ. Phys. Chem. Soc., 1907, 38, 161) &nd by 
Drushel {Amer. J. Sci ., 1915, 40, 643). Similarly, in the case of the 
ethyl ester the present values are in fair agreement with those given 
by Zecchini ( Gazzetta , 1894, 24, 34) for 28*1°, by Arbusov for 19°, by 
Arbusov and Ivanov {J. Russ. Phys . Chem. Soc., 1915, 47, 2015) for 
20°, and by Sugden, Reed, and Wilkins (J., 1925, 127, 1538) for 
15° and 38°, but not with those of Cavalier and of Limpricht 
(Annalen, 1865, 134, 347). The present results accord fairly well 
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with those of Arbusov and of Drushel for tri-n-propyl phosphate, 
and of Drushel for triisobutyl phosphate at 22°. 

In the series of normal phosphates, the average increase in 
molecular volume from one member to its next homologue is 
174 c.c. per CH 2 group at 25°, and 17*7 c.c. at 40°. It is noteworthy 
that at 25° the average difference for a CH 2 group in the case of the 
lower fatty esters is also ca. 174 c.c., and at 40° ca . 17*5 c.c. 

Throughout the range of pressure, p, from 10 mm. to 760 mm., 
the value of the boiling point, t°, given by the following equations 
agrees within an average error of 0*6° with our direct observations : 

Methyl ester : 8*1440 - log 10 p = 2468*4 /(« 4- 273) 

Ethyl ester : 8*3283 — log 10 p = 2658*4 -f- 273) 

n-Propyl ester : 8*5188 — log 10 p = 2960*0 /(t -j- 273) 

n-Butyl ester : 8*5861 - log 10 p = 3206-5 j{t -f 273) 

^soButyl ester : 8*9945 — log 10 p = 3283*1 /(£ -f 273) 

The boiling points under 10 mm. given in Table I have been 
calculated with these equations, and agree well with the direct 
measurements of Arbusov ( Ber ., 1905, 38, 1172) for trimethyl, 
tri- n-propyl and trmobutyl phosphates under this pressure. Further, 
the data of Drushel for the last two esters at 15 mm., and of Sugden, 
Reed, and Wilkins for the triethyl compound at 25 mm., are con- 
firmed by the above equations, but all the boiling points given by 
Cavalier are too low. 

The corresponding values of the molar latent heat of vaporisation 
are as follows : Trimethyl phosphate, 11,300 cals. ; triethyl, 
12,170 cals.; tri-w-propyl, 13,550 cals.; tri-w-butyl, 14,680 cals.; 
trissobutyl, 15,030 cals. 

The refractive indices were measured with a Pulfrich refracto- 
meter, made by Wolz of Bonn v and an Abbe refractometer, by Hilger 
of London. Both instruments were standardised by the use of 
water and of benzene. 

Table II. 

Refractive Indices of Trialkyl Orthophosphates. 


Phosphate. 

jif 

. 

25 “ 

riB. 

25 “ 

n c . 

Methyl 

1*3990 

1*3950 

1*3934 

Ethyl 

1*4082 

1*4039 

1*4021 

ra-Propyl 

1*4182 

1*4136 

1*4118 

n-Butyl 

1*4274 

1*4224 

1*4203 

isoButyl 

1*4222 

1*4173 

1*4152 

ra-Amyl 

1*4332 

1*4283 

1*4262 


Previous investigators (Zecchini, loc. ciL; Arbusov and Ivanov, 
loc. cti.) have measured the refractive index of triethyl phosphate 
only; it is noteworthy that, on plotting their values for n D and the 
present one against temperature, the points obtained all lie on a 
straight line. Further, the values of and n c for triethyl phosphate 
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given by Arbusov and Ivanov agree excellently with, those found in 
the present work. 

Owing to the circumstance that the values of the atomic refrac- 
tivities of oxygen bound to phosphorus axe unknown, it is impossible 
to calculate the atomic refractivity of phosphorus from the values of 
the molecular refractivities of the phosphoric esters. If it could be 
assumed that oxygen in an alkyloxy-group possessed the same 
refractivity as in an ether, use could be made of Lorentz-Lorenz 
refractivities, e.g., those of Eisenlohr (Z. physikal. Chern 1910, 75, 
585), to calculate the value of the refractivity of the orthophosphoryl 
group, OP:. However, it appears preferable to derive a value for 
the refractivity of the orthophosphoric group, 0P(O) 3 , by deducting 
the values for carbon and hydrogen from the molecular refractivity 
of the ester. Values of the refractivity for this group so obtained 
are given in Table III, where they are denoted by the symbol [r^j, 
values of molecular refractivity, {n 2 — 1 )M j(n 2 -f 2) d, being denoted 
by [E l ]. 

Table III. 


Molecular and Group Refractivities. 

Trialkyl 


phosphate. 

[% 

IRiiv- 

[Rzlc- 

Wf- 

Md- 

i/do. 

Methyl 

28*119 

27-869 

27-769 

10-770 

10-715 

10-702 

Ethyl 

42-263 

41-870 

41-706 

10-910 

10-862 

10-848 

w -Propyl 

56-394 

55-849 

55-635 

11-037 

10-9S7 

10-986 

n-Butyl 

70*336 

69-616 

69-312 

10-975 

10-900 

10-872 

tsoButyl 

70-383 

69-666 

69-358 

11-022 

10-950 

10-918 

n-Amyl 

84-401 

83-567 

83-209 

11-036 

10-997 

10-978 



Mean for P0 4 

10-958 

10-902 

10-884 


It is hoped that work, now in progression the optical properties 
of alkyl phosphites and of related compounds will help to elucidate 
the problem of the evaluation of the atomic refractivity of phosphorus 
when bound to oxygen. 

The Tatem Labobatobies, University College, Cardiff. 

[Received, April 8th , 1930.] 


CLXVIII . — Studies in the Reactivity of Aromatic 
Hydroxyl Groups. Part I. 

By Harold Llewelyn Bassett. 

This work has been undertaken with a view to investigate the 
influences affecting the reactivity of hydroxyl groups in aromatic 
compounds. Many investigations with the same general object 
have been carried out, and those most closely connected with the 
work now described are the determinations of velocity coefficient 
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by Panoff (A ., 1903, ii, 357) for the reaction between acetic anhydride 
and various phenols in benzene solution at 100°, and by Bernoulli 
and Goar (ffelv. Chim. Acta, 1926, 9, 730) for the reaction between 
benzoyl chloride, or substituted benzoyl chlorides, and a number 
of phenols. 

In the present case the reaction between phenols and acetyl 
bromide in ethyl acetate solution at 0° is used, and the half -periods 
of the reactions are obtained from a time-titration curve. The 
reciprocals of these half -periods are the comparative figures quoted. 

A previous attempt on similar lines, using ether as solvent, failed 
owing to the ether unexpectedly taking part in the reaction (Bassett 
and Taylor, J., 1929, 1568). 

The half -periods obtained for the compounds studied (in minutes) 
were as follows : Phenol, 14-5 (1) ; o-cresol, 25*25 (0*574) ; m-cresol, 
8*5 (1*71); p-cresol, 6*17 (2*35) ; thymol, 31 (0*468); carvacrol, 
20 (0*725). The reciprocals of these figures, against phenol as unity, 
are given in parentheses. Panoff, and Bernoulli and Goar (locc. cit.), 
obtained similar results in the reactions which they studied, except 
that they found m-cresol to react slightly more rapidly then y>-cresol. 
In all cases they found ortho -substituted phenols to react slowly. 

The figures obtained in the present work do not depend upon the 
particular high concentrations chosen, since the ratio for phenol 
and thymol was found to be unchanged at half the concentration, 
although for some phenols the more dilute solution gives an incon- 
veniently slow reaction. 

While changes in the concentration of the phenol affect the rate 
of the reaction, material changes in the proportion of acetyl bromide 
( e.g 0*75, 1, 1*25 equivs. per equiv. of phenol) have no effect. 
This suggests that the reaction measured is not the simple bi- 
molecular one, but that there is a preliminary rapid addition of the 
two reactants, followed by a slower unimolecular breakdown, which 
is the reaction actually measured. The point may be of importance, 
especially in connexion with the “ ortho effect.” 

The effect of adding a little water to the reacting mixture is 
interesting. The titrations fell as though no water were present, 
but before reaching the lowest point they began to rise again, finally 
reaching a point nearly equal to the initial titration. It is evident, 
therefore, that when only a little water is present the formation of 
phenyl acetate proceeds almost to completion and is followed by a 
slower hydrolysis. This preferential reaction of acetyl bromide with 
phenol instead of with water is curious, since in the absence of 
phenol the reaction with water is very rapid. It may perhaps be 
connected with the above suggestion as to the rapid formation of an 
addition compound of phenol and acetyl bromide as the first stage 
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in the reaction. Such a course for the reaction had already been 
inferred from the work done with ethereal solutions (be. cit.). 
It is proposed to carry out these determinations on a larger number 
of phenols, selected with a view to throw light on the problems 
involved. 

Experimental. 

The ethyl acetate was treated with acetyl chloride to remove 
final traces of alcohol, washed with sodium carbonate and water, 
dried, and distilled. The acetyl bromide was of A.R. quality, and 
was found to be of about 94% purity, the remainder being acetic 
acid and hydrogen bromide. For the purpose of calculating 
equivalents, it was treated as the pure substance, since it was shown 
that comparatively large variations in the amount of acetyl bromide 
had no effect on the half -period of the reaction. The phenols used 
were carefully purified and dried. 

A determination was carried out by dissolving in ethyl acetate a 
weight of the phenol equivalent to 1 c.c. of acetyl bromide and making 
up the solution to 8 c.c. To this solution 1 c.c. of acetyl bromide was 
added after both had been brought to 0°. The mixture was well 
shaken 4nd quantities of 1 c.c. were withdrawn at suitable intervals 
(commencing at 1 min. from the time of mixing), added to about 
100 c.c. of water, and titrated with N /5-sodium hydroxide. The 
reaction was carried out in a small stoppered flask which was main- 
tained at 0° throughout with crushed ice. The small quantities 
of liquid used permitted of very efficient cooling, and the 1 c.c. of the 
mixture withdrawn for each titration dissolved quickly and almost 
completely in about 100 c.c, of water, thus permitting practically 
instantaneous quenching of the reaction. Frequent shaking of the 
flask was necessary in order to secure uniform results. The infinity 
reading was usually taken on the following day, and was shown to be 
unchanged in the course of a further 24 hours. It was found most 
satisfactory to derive the zero titration from that taken at one 
minute, and a typical example is given. The half -periods quoted 
are the means of two or three concordant determinations. 

Garvacrol . 

Titrations of 1 c.c. of the reaction mixture at stated intervals with 
0*1945A r -sodium hydroxide. 


t (mins.) * 1 4 7 10 16 26 oo 

C.c 15*3 14-5 13-95 13*35 12*55 11*55 8*65 


Zero titration derived from curve = 15*6 c.c. 

Half value = 12*125 c.c. Half -period = 20 mins. 

The Tatem Laboratories, University College, Cardlfe. 

[Received, April 2Zrd, 1930.] 
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CLXIX . — The Critical Solution Temperature of the 
System Meihyl Alcohol-cjoloHexane as a Means of 
detecting and estimating Water in Methyl Alcohol. 


By David Charles Jones and Simon Amstell. 

The sensitiveness to impurities of a critical solution, temperature 
(C.S.T.), either binary or ternary, varies considerably with the 
impurity : in some cases the effects produced are very small, but 
in others they are so large as to constitute one of the most sensitive 
of the known criteria of liquid purity (J., 1923, 123, 1374, 1384). 

It is now shown that the C.8.T. in the system methyl aleohol- 
cyrZohexane is very sensitive indeed to the presence of water in the 
alcohol. This is of interest because, in many investigations, it is this 
impurity in the alcohol which it is necessary to detect and estimate 
from time to time. Moreover, the other common impurities are 
removable by chemical means and do not reappear in the alcohol. 
cycZoHexane was chosen as the second component because it is 
readily obtained, can be purified easily, and has, in its melting point, 
a very sensitive criterion of its own purity. % 

Experimental. 


Preparation of Materials. — Methyl alcohol. This was from two 
sources, commercial “ absolute ” and A.R. methyl alcohol (B.D.H.). 
Large quantities (2000 c.c. approx.) were fractionated through a 
ten-foot column of the type suggested by Clarke and Rahrs (J. Ind. 
Eng. Chem ., 1923, 15, 349), and the intermediate fractions (1500 c.c. 
approx.) subjected to the treatment of Bates, MuUaby, and Hartley 
(J., 1923, 123, 401) to remove acetone, and again fractionated 
through the column. The result is shown in Table I. Throughout 
the process of purification the dryness of the alcohol was tested by 
a miscibility temperature (M.T.) with pure cyclohexane, 69-15% of 
the latter being present. For the dry alcohol the value is 45*52°, 
very close to the C.S.T. ; 0-01% of water in the alcohol produces a 
rise of 0*15°. The details of the determination of the mi scibility 
temperature are described later. 


Table I. 


Fraction. 

VoL, c.c. 

M.T. 

Water content, % 
calc. (±0*01%). 

Original 

2400 

■ , — 

42 (app.) 

First 

750 

47-42° 

0-12 

Second 

300 

49-90 

0-29 

Third 

200 

52-28 

0-48 


Alcohol 
content, %. 
58 (app.) 
99-88 
99-71 
99-52 


These results show very clearly the efficiency of the ten-foot 
column. A 90% yield of the alcohol, containing less than 0-5% of 
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water; is obtained after one distillation from a solution originally 
containing 58% of alcohol. The acetone in the fractions was 
estimated as 0-002% by the method suggested by Bates, Mullaby, 
and Hartley (loc. cit.). The mercuric cyanide test for acetone 
{Hartley and Haikes, J., 1925, 127, 524) and Mayer’s test for 
pyridine gave negative results. 

In order to dry the alcohol, Fractions 2 and 3 (above) were mixed 
and treated with aluminium amalgam, following the procedure of 
Hartley and Haikes (loc. cit.). The alcohol was distilled off in an 
apparatus where every care was taken to exclude moisture, and 
the two middle fractions were collected. The miscibility tem- 
peratures of these were determined and the results are in Table II. 
Fraction I, Table I, was fractionally distilled through the ten-foot 
column, with the results shown in Table III. It would appear that 
distillation through an efficient column gives a drier alcohol than the 
use of aluminium amalgam. 

Table II. Table III. 


Fraction. 

Vol., c.c. 

M.T. 

Fraction. 

Vol., c.c. 

M.T . 

Original 

500 

50*8° 

Original 

750 

47*42= 

First 

200 

4S-22 

First 

40 

46-55 

Second 

200 

52-96 

Second 

500 

45-51 




Third 

. 100 

45-52 




Fourth 

100 

46-65 


Fractions 1 and 2, Table II, were mixed, distilled through the 
column, and examined, with the results shown in Table IV. Again 
the distillation method is effective. 


Table IV. Table V. 


Fraction. 

Vol., c.c. 

M.T. 

Fraction. 

Vol., c.c. 

M.T. 

Original 

400 

50-0° 

Original 

620 

47-02° 

First 

30 

46-2 

First 

20 

46-85 

Second 

100 

45-72 

Second 

200 

45-52 

Third . 

250 

45-64 

Third 

50 

45-56 




Fourth 

200 

45-60 


It has been shown by several workers ( e.g ., Noyes, J . Amer. Ckem. 
Soc 1923, 43, 857) that freshly burnt lime removes w r ater very 
effectively from alcohol, although it is a wasteful process. A fairly 
dry specimen of our alcohol, that had been freed from other impuri- 
ties, was treated with lime. The alcohol was siphoned off from the 
lime and distilled through the column. The miscibility temperature 
results are in Table V. It will be noticed that 73% of the total 
distillate gives a miscibility temperature of approximately 45-5°. 
This was the value given by the one distillation alone through the 
column (see Table III, Fractions 2 and 3) and for 80% of the original 
material. Certainly, therefore, distillation alone produces quite as 
Y Y 2 
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dry a product as the lime treatment followed by distillation, and the 
large loss of alcohol is avoided. In view of the known efficacy of the 
lime treatment, the result indicated that acetone-free, dry methyl 
alcohol gave a miscibility temperature with cyclohexane, when the 
concentration of the latter was 69*15% by weight * of 45*52°. 

A n um ber of fractions of almost dry alcohol were mixed and twice 
redistilled through the column, every possible precaution being 
used to avoid the incursion of moisture. Table VI shows the 
miscibility temperature corresponding to the fractions collected in 
the second distillation. The results show that the alcohol is almost 
entirely water-free. The main fractions were siphoned over into a 
storage flask and used in the subsequent miscibility work. From 
time to time, redeterminations of the miscibility temperature were 
made to ensure that no moisture had entered the alcohol. The 
b. p. was 64*70°/760 mm., as determined in the apparatus described 
by Jones and Betts (J., 1928, 1177). 

Table VL 

Fraction Original 1 2 3 4 5 6 

Yol., c.c. 2000 80 400 500 500 400 80 

M.T, 45*62° 45*56° 45*53° 45*52° 45*53° 45*54° 45*66° 

cjcloEexane, This was from three sources : (a) cyclohexane 
“ pur, 55 Poulenc Freres, ( b ) cyclohexane <£ pure, 55 Hopkin and 
Williams, and (c) synthetic material obtained by the catalytic 
method. The first two specimens had m. p. 2*6° and 1*0° respec- 
tively. Sabatier and Senderens give m. p. 6*5° for the pure material, 
whilst we have observed 6*48° both from the two purified com- 
mercial samples, and from the synthetic material obtained by us. 
Fractional freezing did not raise this m. p. 

The cyclohexane melting at 2*6° was subjected to the usual process 
of purification by fuming sulphuric acid, but after two repetitions of 
the process the m. p. of the product still remained low, 4*2°. More- 
over, there was considerable loss of material. The - cyclohexane 
failed to decolorise potassium permanganate, and the impurity 
could not be removed by nitration. Fortunately, although distill- 
ation through a 12-bulb pear still-head produced no improvement, 
distillation through the ten-foot column, previously mentioned, 
gave good results, as the following record shows, 50% of the material 
being obtained pure in one distillation : 


Fraction. 

Vol., c.c. 

M. p. 

Fraction. 

Vol., c.c. 

M. p. 

Original 

430 

2*6° 

Fifth 

40 

5*8° 

First 

20 

-5*0 

Sixth 

50 

6*1 

Second 

20 

3*2 

Seventh 

30 

6*3 

Third 

Fourth 

20 

30 

4*4 

5*0 

Eighth 

Residue 

200 

10 

6*48 

-6*0 
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A similar difficulty was experienced with the second commercial 
sample (m. p. 1°). Very slight purification resulted on continued 
§ulphonation, but on distillation through the column, 50% of the 
original quantity was obtained with m. p. above 6*0°, and there was 
no difficulty in getting a pure specimen from this. 

Acetone . A.R. Acetone (B.D.H.) was purified as described by Reilly 
and Ralph (Set. Proc. Roy. Dublin Soc. } 1919, 15, 597), and distilled 
twice through a twelve-pear column. It had b. p. 56*35°/760 mm. 

Benzene . Kahlbaum’s benzene (for analysis) was fractionally 
crystallised several times, and a fraction of m. p. 5*45° was used 
throughout the work. 

Determination of the Solubility Curves . — The synthetic method of 
determining the solubility curves has been described by Jones and 
Betts (J., 1928, 1177). Owing to the hygroscopic nature of the 
alcohol, simple but quite effective precautions were taken to avoid 
contact with atmospheric moisture. The containers of the alcohol 
and q/efohexane were fixed in desiccators containing phosphoric 
oxide. The lid of each desiccator had a ground-in vacuum stopper 
to which was firmly attached the stopper of the container, so that 
the two vessels were opened simultaneously. Small pipettes, them- 
selves carefully protected against moisture, could be inserted into 
the liquid which yet remained in contact with the dry atmosphere. 
The lower stopper was of cork covered with tinfoil. The liquid was 
transferred to the experimental tubes, which were made of Pyrex 
glass and had been thoroughly dried by heating in the blowpipe 
and then kept in a desiccator. The filling of the tubes was effected 
inside a small box, 12 ,/ long, 5|" wide, and 5§" deep, with a glass 
front and back, and containing a vessel filled with calcium chloride. 
In the top of the box was a small hole which allowed a pipette to be 
inserted, and directly below this was a larger hole fitted with a cork, 
in which the weighed experimental tubes could be placed. Air, 
dried by calcium chloride and phosphoric oxide, was blown through 
the box during the filling. The eyefohexane was first run into the 
tube, the tube reweighed, reinserted in the cork, and the alcohol run 
in, forming the bottom layer. The tube was quickly taken out, 
sealed off, allowed to cool, and reweighed. That this simple pro- 
cedure was sufficient to prevent any incursion of moisture was 
proved by the constancy of the miscibility temperature of dry 
methyl alcohol throughout several months. In the case, of the 
systems methyl alcohol-acetone-cf/cZohexane and methyl alcohol- 
benzene-cycfohexane, solutions were made up in double stoppered 
bottles, the fillings being carried out as described above. 

The thermometers used had been standardised recently at the 
N.P.L. 








OF THE . SYSTEM METHYL ALCOHOL-CYCLOHEXANE, ETC. 1321 

observable when the solution is examined in reflected light persists 
for several degrees above the C.S.T, 

The Effect of Water on the Solubility Curve .— Solutions of methyl 
alcohol— water were made up in the dry box, and the determin- 
ations were carried out as usual. The results are in Table VTTT 
and are shown graphically in Fig. 1, Curves E, D, C, B, A. The 
critical phenomena were slightly diminished in the presence of a 
trace of water, but with larger amounts they were more intense in 
the region of the ternary critical point ; this was not the maximum 
point on these curves. Significant points are annotated as follows : 

1 = Lower layer greater. 3 = Upper layer greater 

2 = Volumes equal. 4 = Maximum point. 


Table VIII. 

0 6 H 13 , %. t. C 6 H 12 , %. t . C 6 H 12 , %. t. C 6 H 12 , %. t. 


0*331% Water in the alcohol. 


29*00 

17*50° 

47-16 

42-08° 

71*11 

50*31° 

84*90 

49*51 : 

30*05 

19*30 

51*98 

45*30 

73*11 

50*52 

85*49 

49*20 

31*57 

21*80 

52*83 

46*10 

75*09 

50*53(4) 

90*80 

45*35 

34*10 

26*75 

55*84 

47*78 

78-90 

50*40 

93*50 

42*09 

39*60 

34*35 

65*70 

50*10 

80*10 

50-35 

95*60 

36*20 

40*10 

35*06 

66*73 

50*26(1) 

82*50 

49*80 ’ 



0*800% Water in the alcohoL 



22*28 

3*5° 

56*15 

51*57° 

77*98 

55*58° 

92*07 

49-55 c 

30*45 

22*95 

62*84 

54*11(1) 

85*90 

54*64 

95*49 

42*8 

43*82 

43*20 

71-25 

55*64(3) 

90*58 

50*96 

96*00 

35*0 

44*95 

44*45 

72*97 

55*81(4) 

91*79 

50*10 

97*57 

25*5 

53*09 

50*61 





1*114% Water in the alcohol. 


24*30 

12-5° 

58*90 

56*16° 

81*84 

59*43° (4) 

27*29 

20-8 

65*16 

57*35(1) 

86*68 

58*75 

29*17 

24*35 

70*76 

58*23 (2) 

89*82 

56*47 

39*50 

42*72 

74*92 

58*75 

97*19 

36*20 

47*17 

50*20 

78*04 

59*04 




2*031% Water in the alcohol. 



21*83 

13*05° 

67*66 

65-35° (I) 

91*41 

66*72° 

29*77 

34*72 

72*30 

63-61 (3) 

92*09 

63*95 

37*78 

49*62 

79*84 

68-24 

95*66 

50*83 

49*80 

60*50 

83*55 

69-16 

97*70 

34*0 

59*10 

63*38 

86*32 

69-42 (4) 



3*900% Water in the alcohol. 


17-78 

16*5° 

45*55 

70*50 

P 

72-79 

80*30° 

93*45 

75*03' 

22-41 

31*30 

52*95 

73*67 


75*80 

81*75 

93*68 

74*39 

24-40 

36*42 

58*35 

75*76 


80*20 

83*15 

94*83 

73*10 

25-52 

39*20 

65*84 

77*65 

(1) 

83*40 

83*16 (4) 

94*43 

59*25 

32-50 

54*98 

69*18 

77*75 

(2) 

86*25 

82*75 

99*22 

16-6 

38-00 

64*87 

71*14 

79*25 

89*45 

80*60 



The ternary, critical solution points, K x to K 5 , Fig. 1, and the 
corresponding maximal points, M x to M 5 , show increasing divergence 
as the concentration of water is increased. It is clear from the 
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figure that, by choosing a concentration of cycZohexane greater than 
the critical concentration, a greater rise in miscibility temperature 
would be obtained for a given percentage of water present in the 
alcohol. But it is necessary to preserve the accuracy of the reading 
itself, therefore 75% by weight of cyclohexane has been chosen as 
the optimum concentration, and pipettes were calibrated to give 
these proportions by weight in the system cycZohexane-anhydrous 
methyl alcohol. Our pipettes, which were constructed as described, 
by Orton and Jones (J., 1919, 115, 1065), had the following volumes 
at 15° : for cycZohexane, 0*7570 c.c. ; for anhydrous and aqueous 
methyl alcohol, 0*2485 c.c. We have confirmed in this work the 
great accuracy which can be obtained with this kind of pipette. 
A further improvement was made by grinding the tip, and bending 
the capillary at right angles about 4 mm. from the end. Table IX 
gives the miscibility temperatures which are obtained by using the 
relative volumes of liquids given above. The results when plotted 
indicate that the method becomes more sensitive as the percentage 
of water in the alcohol decreases. It is possible to estimate water 
within ± 0*002% if the miscibility temperature is read to 0*02°, 
a degree of accuracy which is readily obtainable with a little practice. 
An estimation within ± 0*01% could be made with ease. 

Table IX. 

Water content of alcohol, % ... 0*0 0*331 0*800 1*114 2*031 3*900 
M.T. 45*55° 50*52° 55*74° 58*75° 66*50° 81*56° 

The pipette volumes could be varied to give a percentage of 
cycZohexane within the limits 73 — 75% without appreciably affect- 
ing either the sensitiveness of the experimental reading or the 
quantitative figures given in Table IX, so long as the percentage of 
water in the alcohol was not greater than 1 %. 

A similar method may be developed in the case of ethyl alcohol, 
since this forms a C.S.T . with cycZohexane at (very roughly) — 15°, 
and preliminary experiments show that traces of water affect the 
binary C.S.T . to a large extent. 

Effect of Benzene and Acetone on the System Methyl Alcohol- 
cjcloHexane. — Solutions of benzene in cycZohexane and of acetone 
in methyl alcohol were prepared, and used for the determination of 
the miscibility temperatures. 

Benzene in cyclohexane. The miscibility results obtained when 
10*19% of benzene is present in the cycZohexane are in Table X. 
It was found that the C.S.T. was lowered by approximately 12*3°, 
£.e., 1% of benzene lowers the' C.S.T , by 1*21°. A noteworthy 
point was that the critical phenomena which were so marked in the 
system methyl alcohol-cycZohexahe were almost entirely absent at 
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the ternary critical point, but nevertheless the saturation points 
were very sharp and easily read to 0-02°. At the ternary critical 
point the percentage by weight of methyl alcohol was less than at the 
maximum saturation point. 


OgH jg + C 6 H ( 
mixture, 


Table X* 


% (by wt.) 33*81 38*50 45*99 47*99 58*27 58*84 61*60 64*36 

M.T 11*6° 18*05° 26*55° 27*92° 32*96° 33*02° 33*32° *33-50° 

C 6 H 12 + C 6 H 6 
mixture, 

% (by wt.) 69*25 71*47 76*51 80*37 83*10 86*34 90*45 95*00 

M.T 33*35° f32*85° 32*43° 31*42° 30*87° 29*50° 26*70° 18*1° 


* Critical point — volumes equal. t Maximum saturation point. 


Acetone in methyl alcohol . In Table XI are given similar results 
obtained when 9*18% of acetone is present in the methyl alcohol. 
The C.8.T. was lowered by 6*15°, i.e.,'1% of acetone lowers the 
C.S.T . by 0*67°. The mixture at the maximum saturation point 
contained a greater percentage of cycZohexane than that at the 
ternary critical point. The critical phenomena were more pro- 
nounced than in the binary system. 


Table XI. 



% * 

27*50 

33*86 

42*60 

46*74 

54*61 

62*51 

69*62 

M.T ... 


7*5° 

17-4° 

28-75° 

33*10° 

36-35° 

38*45° 

*39-45° 


% 

75*79 

79*38 

82*83 

84*15 

89*80 

94*33 

98*60 

M.T ... 

f40*15° 

40*12° 

39*85° 

39*42° 

37*25° 

34*60° 

25*0° 


* Critical point — volumes equal. t Maximum saturation point. 


The sensitiveness of the miscibility temperature to such impurities 
as acetone in the alcohol or benzene in the cyclohexane is of 
advantage when the purpose is to estimate the percentage of water 
present. Moreover, their effects on the miscibility temperature 
are but slightly altered by the presence of up to 0*5% of water in 
the alcohol. 

East London College, 

University oe London. [Received, April 23 rd, 1930.] 


CLXX .— The System cycloHexanol and Water . 

By Nevil Vincent Sidgwick and Leslie Ernest Sutton. 

Work on this system had previously been done by de Forcrand, 
who, after obtaining cycZohexanol in a purer condition than previous 
workers had done, measured several of its physical properties, 
including the freezing point and mutual solubility with water at 
11° (Cornet, rend., 1912, 154, 1327, 1767) ; he then investigated the 
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binary system of the alcohol and water over a range of concentra- 
tions of cycfohexanol from 89*86 to 100% by weight, and concluded 
from his results that a compound C 6 H 12 0,|H 2 0 existed {ibid., 1912, 
155, 118). 

The present work is an investigation of the greater part of the 
system, the range of concentration of cydohexanol being 0 — 93% by 
weight, which is sufficient to include the two-liquid-phase region and 
most of the ice line. , , . 

Experimental. 

Purification of cyoloHexanol . — The cycZohexanol was obtained 
from British Drug Houses, Ltd., and purified by fractional distill- 
ations at a pressure of about 10 mm, of mercury, the head and tail 
fractions being rejected. Schreiner and Frivold (Z. physikal. Cbem., 
1926, 124, 1) claim to have obtained a product melting at 23*3 — 
23*9 C (de Forcrand gives 22*45°) by two fractionations at 2 — 3 mm., 
but in the present case no fraction melting higher than 20*6° could 
be obtained from successive fractionations (the m. p.’s being taken 
in the first receiver of the distillation apparatus itself). A solution 
of this cycZohexanol in water gave no trace of a precipitate with 
bromine water, nor did it immediately destroy the bromine colour, 
indicating that no appreciable amount of phenol was present and 
that the most probable remaining impurity was water. Since the 
cryoscopic constant of cycfohexanol is so large (382*8 according to 
de Forcrand), the m. p. of our specimen would correspond to a 
purity of 99*85% by weight, if 23*6° is taken as the true melting 
point; hence, as water was to be the other component and its 
concentration was not to be less than 7%, further purification was 
deemed unnecessary. 

Owing to the extremely hygroscopic nature of the alcohol, stock 
solutions containing about 95% of it were used, as these were not at 
all hygroscopic. 

Measurement of Points in the Binary System . — The points 
on the liquid-liquid curve were obtained by the usual synthetic 
method, sealed glass bulbs being used at the higher tem- 
peratures. When the proportion of cycfohexanol was large, the 
temperature at which turbidity appeared increased with successive 
heatings, and, as this was presumably due to decomposition, the 
first reading was taken in such cases. It was found impossible to 
obtain points on this curve from 87*9% onwards, for, owing to the 
steepness of the curve after this point, the turbidity was extremely 
faint and no accurate determination of the temperature at which it 
occurred could be made. 

The solid separation points over the range 88—93% of cycb- 
hexanol were difficult to obtain, since considerable supercooling 
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was necessary before a solid would separate, and when this eventually 
occurred the temperature did not rise appreciably. However, by 
supercooling to produce the solid and then allowing the mixture to 
warm slowly, and noting at what temperature a trace of the solid 
could just be retained, approximate values (accurate probably to 
within 0-5°) were obtained. This difficulty did not arise in tracing 
the ice line from 0 to 5% of cycZohexanol, for here, when super- 
cooling ceased, there was the usual quick rise to a steady temperature. 

The results obtained are given in the following tables and are 
plotted, together with those of de Forerand, in Fig. 1. 


(1) The Ice Line. 


cycloHex anol, 
% by wt. 

M. p. 

cycfoHexanol, 
% by wt. 

M. p. 

cycloHex anol, 
% by wt. 

M.p. 

1-67 

-0*3°, 0-32 

S8-3 

-1*2° 

90-45 

- 4*9 : 

3-33 

—0*6 

83-45 

-M 

91*2 

— 7*6 

5-00 

-0*9 

89-0 

-2*0 

92-3 

- 10*2 



90-08 

-4*1 

93-0 

- 15-4 


(2) The Liquid-Liquid Curve . 


cyclo- 


cyclo- 


cyclo - 


Hexanol, 

Turbidity 

Hexanol, 

Turbidity 

Hexanol, 

Turbidity 

% by wt. 

temp. 

% by wt. 

temp. 

% by wt. 

temp. 

3*18 

40*45° & 70*45° 

4*29 

15*2° 

52*3 

183*66° 

3*19 

45*8 & 66-3 

4*41 

11*2 

59*4 

180-1 

3*26 

40*4 

4*55 

12*0 

68*0 

169-7 

3*37 

31.85 & 82*4 

4*58 

9*7 

68*5 

168*64 

3*41 

33*6 

4-7S 

9*4 

70*1 

163*03 

3*52 

27*55 

5*00 

7*2 

74*6 

150*35 

3*57 

28*7 

5*14 

121*95 

80*2 

130*9 

3*75 

24*6 

9*22 

156*9 

85*3 

93*63 

3*82 

20*8 

15*00 

174*3 

85*95 

72*75 

3*95 

20*6 

19*2 

179*4 

86-75 

71*5 

4*09 

16*3 

32*4 

184*72 

87*9 

51*55 

4*23 

14*2 






Discussion of Results. 

The liquid-liquid system has been examined for water and the 
following alcohols : 7i-butyl (Orton and Jones, J., 1919, 115, 1194), 
isobutyl (Alexejew, Wied. Ann., 1886, 28, 305), sec. -butyl (idem, 
ibid . ; Dolgolenko, Z. physikal. Chem ., 1908, 62, 499; Timmermanns, 
Th&se, Bruxelles, 1911), and ^soamyl (Fontein, Z. physikal. Chem 
1910, 73, 212), All these resemble cycZohexanol in showing reversed 
solubility curves on the water side, and all except .sec. -butyl alcohol 
in not showing this on the alcohol side. 

The existence of the solid hydrate described by de Forcrand 
(foe. cit.) was not confirmed. His solid curve resembles ours but is 
at a lower temperature, probably because supercooling was not 
sufficiently avoided. The rapid decrease of steepness of the slope 
of the curve YX' as the two-liquid-phase region is approached is a 
consequence of the flattening out of the vapour pressure-concen- 
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tration curve prior to becoming a straight line parallel to the concen- 
tration axis in this region itself (Sidgwick and Turner, J 1922, 121, 
2262). There is no sign of a maximum at the concentration corre- 
sponding to the composition (91*74% cycfohexanol) 

or of a sharp discontinuity after it ; moreover, since a mixture whose 
total composition lies between X and X 7 can be in equilibrium with 

Eig. 1. 


The system cyclohexanol and water. 



Present research —O — ■- Schreiner and Frivold — Q — . de Forcrand X 

only one solid phase, the solid separating out along either OX or 
X'Y must be the same substance and, since there is no eutectic in 
OX, this substance must be ice. Its appearance agreed with that 
given by de Forcrand, viz., :i small opaque crystals.” The occur- 
rence of some combination in solution between the alcohol and the 
water may, however, be assumed to be probable from the existence 
of the reverse solubility curve. 

Our thanks are due to Imperial Chemical Industries, Ltd., for a 
grant towards the cost of this work. 

The Dyson Pekrins Laboratory, 

Oxford. [Received, April 2 9th, 1930.] 
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CLXXI. — Dehydro-2-napMholsulphone. 

By Leonard Arthur Warren and Samuel Smiles. 

Hinsbero has shown (J. pr. Chem., 1914, 90, 345; 1915, 91, 307 ; 
1916, 93, 277) that alkaline ferricyanide removes two hydrogen 
atoms from 2 -naphtholsulphone (I), forming the dehydro-sulphone, 
and that the latter substance by alkaline reduction yields iso- 
2-naphtholsulphone, two hydrogen atoms being reabsorbed in the 
process. He regarded these isomerides as having identical struc- 
tures and as providing a further illustration of the valency isomerism 
advocated by him to explain the relations between 2-naphthol 

1 - sulphide and iso-2-naphthol sulphide. The last-named substance 
has been shown (this vol., p. 956) to be the 2 -hydroxy - 1 ' -thiol 
derivative (II) of 1 : 2'-dinaphthyl ether ; moreover it evidently 
is closely related to the iso-sulphone, since Hinsberg (loc. cit.) has 
shown that it is formed from an anhydride of this by reduction. 

It is thus evident that the structures of fso-2 -naphtholsulphone 
and of the dehydro-sulphone need reconsideration; experiments 
have now been made further to elucidate the nature of these deriv- 
atives of 2-naphtholsulphone and their relationship to the corre- 
sponding derivatives of 2-naphthol 1 -sulphide (I, S0 2 being replaced 
by S) . Of the many important facts bearing on these issues recorded 
by Hinsberg (loc. cit.), it is sufficient to mention the isolation of 

2- hydroxy-l : 2 '-dinaphthyl ether (III) from the reduction products 
of the dehydro-sulphone and the spontaneous formation of this 
ether and sulphur dioxide from the iso-sulphone. These facts 
appear to indicate the presence in these substances of the 1 : 2'-di- 
naphthyl ether structure which has been found (this vol., p. 956) in 
the dehydro- and the iso-sulphide. Hinsberg, indeed, discussed the 
question whether the iso- sulphone should be regarded as the sul- 
phinie acid derived from this ether, but rejected the suggestion for 
the following reasons : (a) both 2-naphthol-l-sulphone (I) and the 
iso-sulphone yield the dehydro-sulphone by oxidation, (b) the 




iso-sulphide by methylation and oxidation gives the dimethyl ether 
of the iso-sulphone, (c) the iso-sulphone can be converted into the 
iso-sulphide by reduction of a substance regarded as its anhydride. 
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Since the ?so-sulphide is now known to be (II), the relations (b) and 
(c), if confirmed, entirely lose their effectiveness in refuting the 
1 : 2'-oxide structure ; on the contrary, they now appear strongly 
to support this structure for'the iso-sulphone. The first of the 
three relations quoted has clearly little value unless the dehydro - 
sulphone is known or assumed not to contain the I : 2 '-oxide struc- 
ture. Important evidence on this question is afforded by reduction 
of the dehydro-sulphone ; with sodium amalgam or with zinc and 
acetic acid (also Hinsberg, loc. cit.) the 2-hydroxy- 1 : 2'-dinaphthyl 
ether (III) is formed, whilst with zinc and hydrochloric acid the 
i 50-sulphide (II) is obtained. The dehydro-sulphone therefore 
contains the 1 : 2'-oxide structure and, since it is formed merely by 
removal of two hydrogen atoms from 2-naphthol-l-sulphone (I), 
the structure (IV) must be ascribed to it. As was shown by Hinsberg 
(loc. cit.), the dehydro-sulphone reacts slowly with p-nitrophenyl- 



hydrazine, fission of the substance occurring with formation of the 
hydrazone of g-naphthaquinone. This behaviour is analogous to 
that of dehydro- 1 -bromo-2 -naphthol with aniline (Pummerer and 
Cherbuliez, Ber., 1919, 52, 1412), which yields the anilino-derivative 
of g-naphthaquinone. 

The chief relations between the members of this group are sum- 
marised as follows; the substances are numbered to facilitate 
reference. 


Dehydro-sulphide - 
(1) 


- iso-Sulphide - 
( 2 ) 


Dehydro -sulphone - 

W) 


•-Dimethyl ether 
of i so -sulphide 

( 5 ) 


- iso -Sulphone - 

(7^ MojSO* 


*- ^-Methyl ether - 
of iso-sulphide 

<») 

j sw ' 

Methyl sulphone 
( 4 ) 

Me^SO* 

> Dimethyl ether of iso-sulphone 
'■ ( 8 ) 


H a 0 2 


Previous experiments have shown (this vol., p. 956) that (1), (2), (3), 
and (4) yield the hydroxydin aphthyl ether (III) with suitable 
reducing agents; it is now shown that (6) and (7) also yield this 
substance with sodium amalgam, and (8) gives the methyl ether 
(HI, OH being replaced by OMe). The 1 : 2'-dinaphthyl ether 
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structure has in fact been established for all these with the excep- 
tion of (5). The important relationships of (8), (4), and (5) to (8) 
indicated by Hinsberg (he. tit.) have been confirmed, but the 
substance, m. p. 88°, described by him as the dimethyl ether of 
the 2 <so- sulphone (8) has not been encountered. Moreover the 
conversion of (6) and (7) into the iso-sulphide (II) has been effected 
by suitable reduction. 

The nature of the iso- sulphone is clearly revealed by the formation 
of the mercaptan (II) from it by reduction and by the fact that its 
dimethyl ether has the structure (V), which is assigned to it because 
reduction yields the methoxydinaphthyl ether (III, OH being 
replaced by OMe) and the substance is formed by methylation of the 
methyl sulphone (II, SH being replaced by S0 2 Me) (this vol., p. 956) 
or by oxidation of the dimethyl ether of the iso-sulphide (II, OH 
and SH being replaced by OMe and SMe respectively). Hence the 
iso-sulphone itself is to be regarded as the sulphinie acid correspond- 
ing to the thiol (II, SH being replaced by SO a H), and its formation 
from the dehydro-sulphone (IV) by reduction as taking place by 
rupture of the 5-membered ring as indicated, the process being 
analogous to the formation of the iso-sulphide (n) from the dehydro- 
sulphide (IV, S0 2 being replaced by S) (this vol., p. 956). Moreover, 
conversion of the iso-sulphone and 2-naphthol- 1 -sulphone into the 
dehydro-sulphone is thus seen to proceed similarly to the oxidation 
of i^o -2-naphthol sulphide and 2-naphthol 1 -sulphide to the dehydro- 
sulphide. 

Experimental. 

Dehydro - 2 - naphthol- l-su Iph one (IV). — Details of the preparation 
of this substance were not described by Hinsberg. The following 
method gave the best results. An aqueous solution (150 c.c.) of 
potassium ferricyanide (10 g.) was gradually added to a shaken 
mixture of chloroform (100 c.c.) and water (125 c.c.) which contained 
2-naphthol-l-sulphone (5 g.) and sodium hydroxide (1*2 g.}. After 
further agitation (1 hour) the chloroform solution was dried and 
concentrated. The dehydro-sulphone separated (yield, ca . 50%) 
in the crystalline state and after purification from acetic acid formed 
bright yellow prisms, m. p. 245° (Found : C, 68*9; H, 3*7. Calc.: 
C, 68*9; H,3*4%). 

The Dimethyl Ether of the iso - Sulphone (V). — The iso-sulphone was 
obtained from the dehydro-sulphone by reduction with sodium 
sulphide as described by Hinsberg. The chief properties attributed 
by him to the substance and its solubility in aqueous sodium 
carbonate were confirmed. A solution of this material in excess of 
aqueous sodium hydroxide (2 N) was treated in the usual Way with 
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methyl sulphate. The viscous product was further treated with 
boiling 1% alkali solution. It solidified when cooled and was 
obtained from acetone-methyl alcohol (charcoal) in prisms, m. p. 
144° (Found: C, 69*8; H, 4*9; M , 385. C 22 H 18 0 4 S requires 
C, 69*8 ; H, 4*7% ; M, 378). 

The same substance was obtained by the following methods : 
(a) A suspension of the sodium salt of the methyl sulphone (II, SH 
being replaced by S02Me) derived (this vol., p. 956) from the iso- 
sulphide was treated in warm aqueous sodium hydroxide with 
methyl sulphate as usual. The semi-solid product was purified 
by the treatment already described ; it then had the same m. p. 
as the product prepared from the 2 * 50 - sulphone, whether taken alone 
or mixed with it. (b) A solution of the viscous dimethyl ether of the 
2 ' 50 -sulphide (II, OH and SH being replaced by OMe and SMe 
respectively) (1*7 g.) in acetic acid (15 c.c.) containing hydrogen 
peroxide (2 c.c., 30% sol.) was warmed (1 hour, 100°). When 
sodium chloride was added to the cooled and diluted liquid, the 
desired product separated in the crystalline state ; this was purified 
from acetic acid and identified in the usual manner with the products 
from the two other methods described. 

iso -2-Naphthol Sulphide (II). — (a) Dehydro -2 -naphtholsulphone 
(IV ; 1 g.) was suspended in boiling acetic acid (40 c.c.) containing 
concentrated hydrochloric acid (5 c.c.). Zinc dust was gradually 
added until the colour of the solution was discharged. The clear 
solution was mixed with a little concentrated hydrochloric acid, 
cooled, and stirred, and water (20 c.c.) slowly added. The crystalline 
precipitate obtained, after further purification (77% yield), was 
identified with an authentic sample of ?5o-naphthol sulphide (Found : 
0, 75*5 ; H, 4*4. Calc. : C, 75*5 ; H, 4*4%). This ^o-sulphide 
responds to Rheinboldt’s test ( Ber ., 1927, 60, 184) for aromatic 
thiols. 

(b) Reduction of 250-2 -naphtholsulphone (II, SH being replaced 
by S0 2 H) w r as effected by zinc and concentrated hydrochloric acid 
in boiling alcohol. Addition of water to the cooled liquid gave a 
crystalline precipitate. This was purified from alcohol and found 
to be identical with an authentic sample of iso- (3-naphthol sulphide. 

2-Hydroxy-l : 2 ( -dinaphthyl Ether (III). — (a) Zinc dust was added 
to a hot solution of the dehydro -sulphone (IV ; 1 g.) in acetic acid 
(30 c.c.) until the colour had faded. The cooled solution deposited 
the hydroxvdinaphthyl ether (90% yield), m. p. 197° (Found ; 
C, 83*6; H, 5*2. Calc. : C, 83*9; H, 4*9%), which was further 
identified by a close comparison of its methyl ether with synthetic 
material (this vol., p. 956). Reduction of the dehydro-sulphone 
sodium amalgam in warm aqueous alcohol gave a poorer yield 
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of the same material. It was isolated from the product of reaction 
by addition of sulphuric acid after alcohol had been removed by 
evaporation (charcoal) ; it was purified from acetic acid and had 
m. p. 197°. 

(b) The iso-sulphone (II, SH being replaced by S0 2 H) also yielded 
the hydroxydinaphthyl ether by reduction with these reagents. 
Reduction with zinc and acetic acid was effected as described in the 
case of the dehydro-sulphone; the yield was poorer. A solution 
of the iso-sulphone (from 1 g. of dehydro-sulphone) in A- sodium 
hydroxide was stirred and treated with sodium amalgam (35 g. ; 
5%) for 3 hours. The clear aqueous liquid (charcoal) was rendered 
acid and set aside. The required substance separated and was 
purified (m. p. 197°) and identified in the usual maimer. 

2-Methoxy-l : 2' -dinaphthyl ether (III, OH being replaced by 
OMe) was obtained by alkaline methylation of the product of 
reduction of the dehydro-sulphone with zinc and acetic acid. It 
was purified from acetic acid and had m. p. 161° (Found : C } 84-0 ; 
H, 5*7. Calc. : C, 84*0; H, 5*3%) and was identical with the 
product obtained by synthesis (this vol., p. 956). The same sub- 
stance was obtained by reduction of the dimethyl ether of the 
iso-sulphone (V). Sodium amalgam (5%) was gradually added 
(6 hours) to alcohol (40 c.c.) and water (20 c.c.) which contained this 
ether in suspension. The alkaline liquid was mixed with acetic acid 
and boiled (charcoal). When diluted and cooled, the solution 
yielded the required substance (0*2 g.), which was purified in the 
usual manner; m. p. 161° (Found: C, 83*7; H, 5*4. Calc.: 
C, 84*0; H, 5*3%). 

In conclusion we wish to thank Dr. A. Cohen for a quantity of 
the dehydronaphtholsulphone and for information concerning its 
preparation. 

Kino’s College, London. [Received, April 8th, 1930.] 


CLXXII . — The Solubilities of Nitrophenols in Aqueous 
Ethyl-alcoholic Solutions . 

By James Coopeb Duff and Edwin John Bills. 

It was shown by one of us (DuS, J., 1929, 2789) that ^-nitrophenol 
in aqueous methyl-alcoholic solutions at 25° and 40° had solubility 
curves in which critical points occurred where the solvent was 
composed of methyl alcohol and water in simple molecular propor- 
tion. The positions of the critical points varied with the tem- 
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perature. o-Nitropbenol gave no indication of an alcohol hydrate 
at 25°, and only one (SCH^HgO) was indicated at 40°, 

The behaviour of 0-, m- } and p-nitrophenols in aqueous ethyl- 
alcoholic solutions has now been examined. Solubilities for ^w-nitro- 
phenol were determined at 0°, 12*5°, and 25°; and these three 
temperatures and also 40° were used for p-nitrophenol, since this 
isomeride gelded the most characteristic results. o-Nitrophenol 
was considered only at 25°, this being sufficient for comparison with 
the results obtained from the other two isomerides. 

The solubilities of the three nitrophenols in water have been 
determined by Sidgwick, Spurrell, and Davies (J., 1915, 107, 1202) ; 
and those in absolute ethyl alcohol over a wide range of temperature 
by Garrick (J. Physical Ohem., 1921, 25, 628). His method, syn- 
thetic in character, differs from ours, but our results for absolute 
alcohol agree with his. 

Solubilities are expressed as g. per 100 g. of solvent throughout. 

Experimental. 

Kahlbaum’s ethyl alcohol of 99*8% purity was used. The nitro- 
phenols were recrystallised by the usual methods before use. The 
solubilities were determined for o- and p -nitrophenols in the same 
way as for aqueous methyl-alcoholic solutions (Duff, loc. cit.). The 
results for m-nitrophenol were obtained by the same synthetic 
method as that previously used for p-mtrophenol. 

o-Nitrophenol (Fig. 1). — The solubility was determined at 25° in 
aqueous-alcoholic solutions over the range 0 — 100% alcohol. The 
results are given below, and the resulting curve (AE) presents no 
unusual features. During solution at 25° the o-nitrophenol did not 
form any oily liquid phase. 

Eton, % ... 0 30 40 50 60 70 80 90 100 

S 0-25 0*7 1-7 3*9 7*4 12*2 21*0 32*5 46*0 

m-NitropJienol (Eig. 1). — (a) Solubilities at 0°. No oily phase 
was formed. The solubility curve (CDEF) is a straight line between 
D and E, points which correspond approximately to 33% and 90% 
of alcohol in the solvent. 

EtOH,% 0 20 30 40 50 60 70 SO 90 100 

S 0*9 1*6 5*0 19*8 36-S 53*7 71*5 89*5 106*6 115*5 

(b) Solubilities at 12*5°. The results for the curve CKHM are 
given in Table I. In solvents ranging from 24 to 46% of ethyl 
alcohol, w-nitrophenol produces two liquid phases, and saturation 
with this phenol ended with two liquid phases in contact with the 
solid. Determinations of these end points gave the straight line 
GLH, the results for which are in Table II. Since GLH is a straight 
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line, the two saturated liquid phases are evidently the saturated 
aqueous solution for solvent containing 24% of alcohol and the 
oily saturated solution for solvent of 46% alcohol. The area 
GLHKG is the field in which two liquid phases co-exist. 


Fig. X. 



G. of nitrophenol in 100 g. of solvent. 


Table I. 


EtOH, %. 
0 
20 
93 


I'D 

27*5 

30 


S. 

1-2 

2*5 

6*S 

8*9 

12*8 


EtOH, %. 
35 
40 
42 
45 


S, 

27*2 

41*0 

52*1 

74*4 


EtOH, %. 
46 
50 
60 
63 


S. 

96*0 

106*2 

126*2 

131*0 


EtOH, %. 
70 
80 
90 
100 


s. 

139*5 

143*5 

146*0 

148*0 


EtOH, % 
£ 


Table II * 


10*3 


27*5 

17*9 


30 

30*5 


35 

51*0 


40 

71*5 


42 

80*5 


45 

92 


* Two liquid phases remain at end-point. 

{c) Solubilities at 25°. The results for the curves CNO and 
, _ n/ ^ re fy en ^ Table III. In solvents ranging from 15 to 
42 / 0 of ethyl alcohol, m-nitrophenol produces two liquid phases 

St-r “ tLe area o N0PQN - Tte results Riding the lines 
KP and PO are given as S x in Table IV. Along the line PO the 

two hquid phases become one on addition of sufficient m-nitrophenol. 
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The minimum alcoholic content of solvent in which this occurs is 
36% (P) and the maximum is 42% (0). By saturation of the 
solutions which gave PO, the values S 2 (Table IV) and hence the 
curve PO' were obtained. Along the line NP are two saturated 
liquid phases which, since NP is a straight line, are composed of 
the saturated aqueous solution for 15% alcoholic and the saturated 
oily solution for 36% alcoholic solvent. At 25° m-nitrophenol was 

Table III. 


EtOH, %. 

S. 

EtOH, %. 


EtOH, %. 

8 . 

EtOH, %. 

S . 

0 

1-35 

35 

43-5 

44 

174*0 

63 

204*0 

10 

1-7 

37-5 

52*2 

45 

179*0 

70 

202*0 

15 

4-0 

39 

59-8 

46 

186*0 

80 

200*0 

20 

6-5 

40 

65*9 

50 

189*0 

90 

197-5 

25 

11-0 

41 

81*5 

60 

201*0 

100 

195*0 

30 

25*0 

42 

171*0 








Table TV. 




EtOH, % 

15 

20 25 

30 

35 36 

37*5 

39 40 

41 

s t 

. 5*9* 

38-8* 76-5* 106-3* 147-0* 150t 

142f 

140f 135f 

122*5f 

S t 

. — 



— 

— 150 

156 

162 165 

167 


* Two liquids remain at end-point, 
t Two liquids became miscible at end-point. 


more soluble in 63% alcohol (R) than in absolute alcohol, whereas 
at the lower temperatures no maximum occurred. 

ip-Nitrophenol (Fig. 2). — (a) Solubilities at 0°. The results are 
given in Tables V (curve ACG) and VI (straight line BED). The 
curve as a whole resembles that obtained for m-nitrophenol at 12*5°. 
The alcohol limits in the solvent for producing two liquid phases 
(co-existing in the area BCDEB) are 25% and 51%. Along the 
straight line BED two saturated liquids are in equilibrium with 
solid jp-nitrophenol. These liquids are respectively aqueous satur- 
ated solution in 25% alcohol and oily saturated solution in 51% 
alcohol. 

Table V. 


EtOH, %. 

8. 

EtOH, %. 

S . 

EtOH, %. 

8 . 

EtOH, %. 

8 . 

0 

0*5 

35 

12*5 

51 

82*0 

70 

120*0 

10 

0*6 

40 

25*0 

54 

96*0 

80 

118*0 

25 

1*4 

45 

41*0 

56 

101*0 

90 

117*0 

30 

5*2 

50 

58*5 

60 

108*0 

100 

116*4 




Table VI.* 




EtOH, % . 


27*5 

30 

35 

40 

45 

50 

8 


9*2 

15*2 

30*0 

44*8 

61*0 

76*0 


* Two liquids remain at end-point. 


(b) Solubilities at 12-5°. The results are given in Tables VII 
i Curves AHJ and J'MN) and VIII (S l9 straight line ITT /FT and 
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curve KJ; $ 2 , curve K«F). For solvents containing between 17*5 
and 45% of alcohol, it is possible to have two liquid phases co-existing 
(area HJKLH) ; 41% is the minimum alcoholic content to enable 
two liquid phases to become miscible (K) by saturation with 
p-nitrophenol at 12*5°. 

Fig. 2. 



Table VIL 


EtOH, %. 

8 . 

0 

1-1 

15 

1-8 

17-5 

3-6 

20 

5-8 

25 

8-8 

30 

17-4 


EtOH, °/ 

J>. 17-5 

S 1 

4-0* 

S* 

. — 


t 


EtOH,:%. 

8 . 

35 

33-5 

40 

53-2 

41 

56-1 

42 

63-5 

44 

80*8 


EtOH, %. 5. 

45 135-5 

46 137-0 

50 144-0 

60 156-0 

70 168-0 


EtOH, %. 8. 

72 169-0 

75 167-0 

80 164-0 

90 157-0 

100 147-0 


Table VIII. 

20 25 30 35 40 41 42 44 45 

18-0* 41-0* 68-6* 92-5* 127-0* 127-8f 124-0f 108*8t — 
______ — 127-8 130-3 133*0 135-5 

Two liquids remain at end-point. 

Two liquids become miscible at end-point. 


(c) Solubilities at 25°. The results are given in Tables IX (curves 
AOP and P'ST) and X (S v straight line ORQ and curve QP; S z , 
curve QP'). For solvents containing between 8 and 39% of ethyl 
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alcohol, two liquid phases can co -exist (area OPQRO) and they can 
become miscible if the alcoholic content of the solvent is not less 
than 27% (point Q). Along the line ORQ exist two saturated 
solutions which are aqueous saturated solution in 8% alcohol and 
oily saturated solution in 27 % alcohol. 


Table IX. 


EtOH, %. 

s. 

EtOH, %. 

S'. EtOH, %. S. 

EtOH, %. 

S. 

0 

1*6 

25 

19 *2 

38*5 80*5 

60 

227*0 

10 

3*4 

27*5 

26*2 

39 220*0 

70 

220*0 

15 

5*2 

30 

34*9 

40 220*5 

80 

208*9 

17*5 

6*0 

32*5 

45*7 

46 223*0 

90 

199*0 

20 

8*5 

35 

57*8 

50 226*1 

100 

189*5 

22*5 

13*7 

37*5 

70*1 

56 230*4 






Table X. 



EtOH, %... 

9 

10 12-5 

15 

17*5 20 25 

!-5 25 

26*5 



7-8* 

17-5* 42-5* 

65*6* 

95-6* 118-7* 141-6* 169-1* 

186*2* 



* Two liquids remain at end-point. 



EtOH, % 

2" 

r 27*5 

30 

32*5 35 

37*5 

38*5 

St : 

I92f 191f 

177-lf 

160*5f 147*9f 

132*7f 

117*6t 



192 194 

198 

206*1 210*5 

217*9 

218*7 


t Two liquids become miscible at end-point. 


(d) Solubilities at 40°. At this temperature two liquid phases 
can co-exist (area AYXA) in solvents containing between 0 and 
33-8% of ethyl alcohol. The two liquids can become miscible along 
the line XV on addition of sufficient p-nitrophenol. The results at 
40° are given in Tables XI (curves AV and V'YZ) and XII (S v 
curve XV; S 2 > p^rve XV'). 


Table XI. 


EtOH, %. 

S. EtOH, %. 


S. 

EtOH, %. 

S, 

0 

2*9 

32*5 


79*5 


50 

298 

10 

5*5 

33*3 


95*0 


60 

289 

15 

9*0 

33*8 


300*5 


70 

276 

20 

19*0 

35 


303*0 


80 

265 

25 

36*5 

39 


306*0 


90 

255 

30 

55*1 

40 


305*0 


100 

250*0 



Table XII. 




EtOH, % ... 

0 10 

15 

20 

25 

30 

32*5 

33*3 33*8 

Si ..... 

246* 233* 

220* 

206* 

190* 

149* 

114* 

101* — 

St 

246 258 

268 

277 

286 

296 

299 

— ■ 300-5 


* Two hquids become miscible at end-point. 


The above results show that in aqueous ethyl-alcoholic solutions 
p-nitrophenol has a maximum solubility at 0° and 12-5° in 72% 
;t |flk)ohol, at 25° in 56% alcohol, and at 40° in 39% alcohol. 
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Discussion of Results. 

The results obtained for the solubility of o-nitrophenol serve to 
emphasise the special features of the solubility curves of the m- and 
jp-isomerides. The last two exhibit a marked tendency to form oily 
solutions at low temperatures, therein differing from o-nitrophenol, 
although this isomeride has a much lower m. p. (44°. as against 
116° for jp-nitrophenol) than the others. The greatest tendency to 
produce two liquids during solution in dilute alcoholic solutions is 
shown by _p-nitrophenol : this is possibly connected with the greater 
ease with which this isomeride forms addition compounds with weak 
bases and with its own metallic derivatives ; moreover, the salts of 
‘p-nitrophenol show the highest degree of hydration, whilst those of 
o-nitrophenol are, in general, the least hydrated. It seems probable, 
therefore, that the additive powers of m- and ^-nitrophenol. enable 
them to produce the oily liquid phases which characterise the looped 
portions of their solubility curves. The curves show that, as the 
temperature rises, there is a fall in the maximum alcohol concen- 
tration of the solvent determining the area in which two liquid 
phases co-exist. 

Some of the curves show as many as four significant points; 
e.g., in the curve (Fig. 2) for p-mtrophenol at 25°, the point S shows 
maximum solubility, points P and O are the upper and lower 
limits, respectively, for the co-existence of two liquids, and point Q 
indicates the minimum alcohol concentration of solvent in which 
two liquid phases can be made completely miscible. The occur- 
rence of maximum solubility for m- and p-nitrophenol at tem- 
peratures above 12° in aqueous ethyl-alcoholic solutions was unex- 
pected, since this was not the case for methyl alcohol (Duff, loc. cit.). 
In considering the direction changes of the curves in Figs. 1 and 2, 
it is noteworthy that McCombie and his co-workers (J., 1921, 119, 970 ; 
1922, 121, 243, 2308), studying the rates of saponification of esters 
by potassium hydroxide in aqueous ethyl-alcoholic solutions, found 
significant points in the resultant curves at which the alcohol and 
water in the solvent -were present in simple molecular proportions. 
These points, however, were not all evident at any one temperature. 
Dexter, McCombie, and Scarborough (J., 1923, 123, 1229) studied 
an example of isomeric change in aqueous ethyl-alcoholic solutions 
and obtained a curve changing in direction at three points corre- 
sponding to alcohol-water complexes. 

Since the significant points of the curves now recorded vary with 
temperature and differ for the two nitrophenols, there is no evidence 
for the existence of alcohol hydrates in the solutions. It is more 
probable that the points are of eutectic character. In view of the 
results obtained by McCombie and his co-workers (loc, cit.}, it is 
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a remarkable coincidence that so many of the significant points in 
Figs. 1 and 2 occur where the alcohol and water in the solvent are 
in simple molecular proportion, as Table XIII shows. 

Table XIII. 


Eig 1. 

Point H J P O R 

EtOH, % 46 72 36 42 63 

Patio EtOH : H a O 1 : 3 00 1 : 0*993 2 : 9*08 2 : 7*06 2 : 3*00 

Kg. 2. 

Point D F K J M 

EtOH, % 51 70 41 45 72 

Batio EtOH : H a O 2 ; 4*91 1:1*09 2:7*23 1:3*12 1:0*993 

Point Q P S V Y 

EtOH, % 27 . 39 56 33*8 39*0 

Batio EtOH : H a O 1 : 6*91 1 : 4*00 1 : 2*00 1 : 5*00 1 : 4*00 


Although the presence of alcohol-water complexes in the solvent 
is improbable, it seems necessary to assume that m- and p-nitro- 
pkenols are both capable of association with the solvent. This 
especially applies to the co-existence of two saturated liquids along, 
e g. } the straight line NP for 25° in Fig. 1 . In this case, if the solvent 
used is 24% in alcoholic content, it will be induced, by addition of 
m-nitrophenol, to act as an equilibrium mixture of 15% alcohol 
(point N) and of 36% alcohol (point P), and with the requisite 
amount of m-nitrophenol, it will produce the two saturated liquid 
phases. The results found for the line ISTP agree with those calcu- 
lated from the foregoing assumption, and this applies to the corre- 
sponding sections of the other curves. 

The Techstical College, Bebmingham. [Received, April 3rd, 1930.] 


CLXXIII. — Glucosides . Part III. The Abnormal 

Replacement of Halogen in Glucosyl Halides : 
The Formation of /?- Glucosides from p-Glucosyl 
Chlorides. 

By Wilfred John Hickinbottom. 

In continuation of previous work on the formation of glucosides 
from fUglucosyl chlorides (J., 1929, 1676), the action of sodium 
alkoxides on 2-trichloroacetyl 3:4: 6-triacetyl [3 -glucosyl chloride 
(II) and on 3:4: 6-triacetyl [3-glucosyl chloride (I) has been 
examined. It would be expected, by analogy with the behaviour 
of 2:3:4: 6-tetra-aeetyl a-glueosyl bromide (IV) towards similar 
reagents (compare Zemplen and Kunz, Ber., 1923, 56, 1710), that 
glucoside formation would occur with the normal change in con- 
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figuration. Indeed, Pictet and Castan (Helv. Chim. Acta , 1921, 
4, 319) Have stated that the glucosyl chloride, prepared by the 
addition of hydrogen chloride to a-glucosan — and identified by 
them as [3 -glucosyl chloride, since its tetra-acetate has the same 
melting point as Fischer and Armstrong’s labile 2:3:4: 6-tetra- 
acetyl (3-glucosyl chloride — gives oc-methylglueoside by reaction 
with a solution of sodium methoxide in methyl alcohol. 



pHCl 

jJH-0-C0-CGl 8 
0 (pH'OAo 
' TH-OAc 
r® 

DH/OAc 
(II.) 


S-OMe 
•OH 
•OAo 
I 9H-OAc 
L-CH 
CH,*OAc 
(HI.) 


r^H-OAc 

O OH-OAc 

L$T Ao 

CH 2 *OAc 

(IV.) 


It was found, however, that fi-glucosides were the principal 
products of the action of sodium alkoxides on 3:4: 6-triacetyl 
P-glucosyl chloride and on 2-trichloroacetyl 3:4: 6-triacetyl 
p-glucosyl chloride. These results are in direct contrast to the 
behaviour of the same [3 -glucosyl chlorides towards alcohols in 
presence of silver oxide or carbonate, or silver nitrate and pyridine. 
For comparison, the results are summarised in the following 
table : 


2 - Trichloroacetyl 3:4: 6 -triacetyl ^-glucosyl chloride . 

a- and £-Glucosides, 
Experimental %, in product, 

conditions. a. 0. 


[ Brigl and Keppler (Ber., Methyl alcohol and AgoO 70 30 

A 1926, 59, 1588) “ or Ag 2 C0 3 

[ Hickinbottom (loc. cit.) 

Hickinbottom (loc. cit.) Methyl alcohol, AgN0 3 , 90 10 

and pyridine 

Methyl alcohol and 15 85 

NaOMe 

Ethyl alcohol and NaOEt 10 90 


3:4: § -Triacetyl ^-glucosyl chloride. 

Hickinbottom (loc. cit.) Methyl alcohol and Ag a O 70 30 

or Ag 2 CO s 

,, Methyl alcohol, AgN0 3? 80 20 

and pyridine 

Methyl alcohol and Approx. 100 

NaOMe 

It is possible, therefore, to obtain either the a- or the p-glucoside 
from each of these glucosyl chlorides by selecting the appropriate 
conditions. On current conceptions, it is assumed that, in the 
usual replacement of halogen in glucosyl halides by the action of 
silver carbonate and alcohol, a change in configuration occurs 
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(VT and VIII). This applies both to the a- and to the p-series of 
glucosyl halides. It is then remarkable to find that both series of 
glucosyl halides yield glucosides of the same configuration by 
reaction with sodium alkoxides in alcohols. For instance, sodium 
methoxide in methyl alcohol produces (3-methylglueosides (VI) 
from the p-glucosyl chlorides (V) used in the present investigation 
and also from 2:3:4: 6-tetra-acetyl ct-glucosyl bromide (VII). 


ch 2 -oa 

h j_o v a 


ch 2 -oa 


CH,-OA 


KOI 

,>! VX 


OA 

H 


OA 
(vm.> 


Ag a CO s and ? y \ — (\ 

. ^ Me0H 

OMe OA I H 
H OA 
(V.) 


a h 

NaOMe ! 
> 


Ks 


OMe 


'A H 

oA|~t h 

H OA 
(VI.) 

[OA = OH or OAc] 


NaOMe 

4- 

orMeOH 

and 

Ag 3 C0 3 


and o A '| 


ch 2 -oa 

Er 

H OA 
(VII.) 


These obseryations appear to find a parallel in the behaviour 
of the a- and p-penta-acetyl glucoses, which normally give the 
same tetra-acetyl glucosyl halide by the action of hydrogen halides. 
It is certain, when hydrogen chloride is used, that the first products 
have different configurations, but under the experimental con- 
ditions 2 : 3 : 4 : 6-tetra-acetyl 3 -glucosyl chloride isomerises to the 
more stable a-glueosyl chloride (Sehlubach, Stadler, and Wolf, Ber., 
1928, 61, 293; compare Fischer and Armstrong, Ber., 1901, 34, 
2894). 

A somewhat similar explanation may account for the anomalous 
formation of p -glucosides from p-glucosyl chlorides, namely, that 
by the action of the sodium alkoxides the p -glucosyl chlorides are 
isomerised to a-glueosyl chlorides, which then react in the normal 
way to give p-glucosides. This explanation was advanced by 
Fischer and Armstrong (loc. cit.) to account for the non-formation 
of oc-phenylglueoside from the unstable 2:3:4: 6-tetra-acetyl 
p-glucosyl chloride. Their view was supported by the observation 
that the p-glucosyl chloride was converted completely into the 
a-glueosyl chloride in an ethereal solution in contact with powdered 
hydrated sodium carbonate, or the wet sodium compound of 
glucose. 

It appears at first sight that the extension of this hypothesis to 
account for the formation of p -glucosides from the p-glucosyl 
chlorides examined in the present work would be justifiable. A 
fuller consideration of the experimental facts, however, indicates 
that it can only be accepted if certain assumptions are made. 

Although no accurate determinations of the velocity of the 
reaction between sodium methoxide or ethoxide and 2-trichloro- 
acetyl 3:4: 6-triaeetyl p-glueosyl chloride have been made owing 
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to the occurrence of comparatively slow side reactions, qualitative 
observations of the density of the precipitate of sodium chloride 
obtained when the reaction is carried out in ethyl alcohol indicate 
that glucoside formation occurs very quickly, and for 0-5A T - 
solutions it is practically complete within a few minutes after 
mixing. Evidently, if the isomerisation hypothesis of Fischer and 
Armstrong holds, isomerisation must be complete or almost so 
before any replacement occurs; the isomerisation must therefore 
be extremely rapid. 2-Trichloroacetyl 3:4: 6-triacetyl p-glucosyl 
chloride, however, is comparatively stable and does not isomerise 
readily. For instance, it does not change in non-hydxoxylic 
solvents which bring about the conversion of 2 : 3 : 4 : 6-tetra- 
acetyl P-glucosyl chloride into the a-isomeride. Further, the 
addition of a trace of a methyl-alcoholic solution of sodium meth- 
oxide to an acetone solution of 2-trichloroaeetyl 3:4: 6-triacetyl 
P-glueosyl chloride does not cause any change of rotation over a 
period of 25 minutes. A drop of 20% aqueous sodium hydroxide 
added to an acetone solution of the (3 -glucoside brings about a 
change of [a] D only from +8° to +13° after 48 hours at room 
temperature. Further, a xylene solution of the g -glucosyl chloride 
may be kept in contact with an excess of dry, finely powdered 
sodium methoxide (free from methyl alcohol) at room temperature 
for 20 hours without any marked change in the rotation or without 
any serious amount of glucoside formation; indeed the greater 
part of the (3-glucosyl chloride may be recovered unchanged. 
Micheel and Micheel (Ber . , 1 930, 63, 392) have shown that anhydrous 
trimethylamine has no action on 2-trichloroacetyl 3:4: 6-triacetyl 
(3 -glucosyl chloride in benzene at room temperature, and only a 
small action after 4 hours 5 heating at 100°. 

The alcohol does not appear to be responsible for the isomeris- 
ation, since the rate of change of rotation in methyl alcohol is 
slow compared with the rate of replacement of the halogen (Hickin- 
bottom, loc. cit.). ' 

If the isomerisation hypothesis is to be retained, there must be 
assigned to the sodium alkoxide in the alcohol a catalytic power 
which is not possessed by the dry alkoxide, nor by the alcohol 
alone, nor by small quantities of the alcoholic methoxide in acetone. 

An alternative hypothesis is to assume that addition to the 
glucosyl chloride may occur, and that the subsequent behaviour 
of the compound formed is determined by such factors as electron 
distribution, polarity, and steric configuration as well as by the 
relative energies of the systems. 

It is known that the relative proportions of a- and g-glucosides 
obtained by the replacement of the halogen of the glucosyl halides 



1342 


jnCKXNBOTTOM : GLUCOSIBES. part m. 


may be varied very considerably. For instance, although sodium 
alkoxides react with 2-trichloroacetyl 3 :4 : 6-triacetyl p-glucosyl 
chloride to give p-glucosides, sodium phenoxide gives a compar- 
atively high proportion of the a-phenylglucoside — approximately 
60% of the total product. 

When glucoside formation is effected from 2-trichloroacetyl 
3:4: 6-triacetyl g-glucosvl chloride or 3 : 4 : 6-triacetyl £-glucosyl 
chloride in an alcoholic suspension of silver oxide or silver carb- 
onate, the product obtained is a-glucoside with about 30% of p ; 
the proportion of a can be increased if the silver carbonate is 
replaced by silver nitrate and pyridine. Further, it is possible 
to obtain some cc-glucosides from 2:3:4: 6-tetra-aeetyl a-glucosyl 
bromide by reaction in presence of quinoline, the formation of 
^-glucoside being apparently determined by the nature of the 
hydroxy-compound reacting. 

These facts, together with observations on the opening of the 
ethylene-oxide ring in 3 : 4 : 6-triacetyl glucose anhydride, indicate 
that the reagents employed to effect glucoside formation determine, 
to some extent at least, the nature of the product. 

Although it would be possible to explain these results by assum- 
ing that each reagent has its own isomerising effect, it seems more 
probable that the effect is determined by some factor such as 
preliminary addition. . 

In the reaction between sodium methoxide or ethoxide and 
2-trichloroacetyl 3:4: 6-triacetyl P-glucosyl chloride in equi- 
molecular proportion in alcoholic solution, the trichloroacetyl 
group is. split off and a 3 : 4 : 6-triacetyl (3-alkylglueoside (III) is 
produced. This reaction provides an alternative method of pre- 
paring these compounds, which hitherto have only been obtained 
from 3 : 4 ; 6-triacetyl P-glucosyl chloride or by the reaction of 
3 : 4 : 6-triacetyi glucose anhydride with alcohols. It is an 
additional example of the comparative instability of the trichloro- 
acetyl group in position 2 (Brigl, Z. physiol Chem ., 1921, 116, 1 ; 
EicMnbottom, loc. cil ). 

Experimental. 

Action of Sodium Methoxide in Methyl Alcohol cm 2-Trichloro- 
acetyl 3:4: 6-Triacetyl $-Glucosyl Chloride . — Formation of 3:4:6- 
triacetyl £ -methylglucosid e . The sodium methoxide used in these 
experiments was prepared by dissolving sodium in freshly distilled, 
dry methyl alcohol to yield an approximately 0*5W-solution. The 
concentration was determined accurately by titration against 
standard acid. 

A measured volume of this solution, diluted with methyl alcohol* 
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was added to 2 - trichloroacety 1 3:4: 6-triacetyl (3-glucosyl chloride 
so that the glucosyl chloride and sodium methoxide were present 
in equimolecular proportion. The changes in specific rotation 
(calc, on the glucosyl chloride) were as follows (c = 5*23 ; l = 2) : 

t (mins.) ... 2 3 4 8 14 42 62 88 

[alg* 3 *.... +27-3° 2S*8° 27-3° 26*8° 24*2° 20*7° 19*2° 20-0° (const.) 

. A number of other determinations of the change of rotation, also 
made at room temperature, were in general agreement with those 
recorded above : [a] 0 +27 — 30° about 2 minutes after mixing, 
changing to a constant end value between +14° and +25°. 

The solutions obtained were clear and neutral to moist litmus. 
Evaporation under diminished pressure at room temperature, 
followed by repeated extraction of the residue with boiling chloro- 
form to eliminate inorganic salts, and subsequent evaporation of 
the chloroform, yielded the product of the reaction as a colourless 
transparent gum. It slowly solidified in a vacuum desiccator to 
a crystalline mass (A). 

The inorganic residue remaining after the extraction with 
chloroform was sodium chloride. In one or two experiments it 
contained a small quantity of acetate. 

The crystalline mass (A) was not entirely free from lower-melting 
compounds. The products from two typical experiments showed 
[a] D +32*7° (c = 1-65) and[a] D +37*6° (c = 1*78) in ethyl alcohol. 
On deaeetylation with alcoholic ammonia a mixture of a- and 
P-glueosides resulted. From the two specimens for which the 
specific rotations are recorded above, methylglucosides were 
obtained which, after removal of amides and drying at 78° /1 2 mm., 
had [a] D —6° (c = 1*38) and [a]* +4° (c = 2*63) in water. These 
values correspond to mixtures of ^-methylglucoside containing 
14% and 19% respectively of a-methylglucoside. Crystallisation 
of the crude glucoside from alcohol furnished pure p-methyl- 
glueoside, [a] D —32° in water (c = 1*07), m. p. 107 — 108° (alone 
or mixed with a genuine specimen of (3-methylglucoside). The 
presence of a-methylglucoside was established by adding ether to a 
concentrated alcoholic solution of the product of deacetylation of 
the crude product (A). Two forms of crystal, which could be 
separated mechanically, were deposited on keeping. The greater 
part consisted of stout transparent prisms of p-methylglueoside. 
A few aggregates of small needles were also ipresent, and after 
further purification from absolute alcohol these were identified 
as a-methylglucoside by melting point and rotation. 

Isolation of 3 : 4 : § -triacetyl methylglucoside (III). Extraction 
of the solid (A) with ether left a gummy residue which showed 
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little sign of crystallising. The ethereal solution on slow spon- 
taneous evaporation deposited aggregates of prismatic needles, 
which after crystallisation from carbon tetrachloride or alcohol 
were obtained pure; m. p. 93 — 94°, j>] D +20° in ethyl alcohol 
(c = 4*5) (Found : C, 49-0 ; H, 6*4 ; OMe, 9-6. Calc, for C 13 H 20 O 9 : 
C, 48*6; H, 6*4; OMe, 9*6%). The analysis corresponds to tri- 
acetyl methylglucoside, and the constants are in good agreement 
with those recorded for 3:4: 6-triacetyl p -methylglucoside pre- 
pared from 3:4: 6-triacetyl glucose anhydride (Hickinbottom, 
J., 1928, 3144). The substance did not depress the melting point 
of an authentic specimen of 3:4: 6-triacetyl p-methylglucoside, 
and yielded 2:3:4: 6-tetra-aeetyl p -methylglucoside on acetyl- 
ation. 

Action of an Excess of Sodium Methoxide in Methyl Alcohol on 
2 -T richloroacetyl 3:4: 6-Triacetyl $-Glucosyl Chloride.— A freshly 
prepared solution (0*404A T ) of sodium methoxide (M54 mols.) in 
dry methyl alcohol was added to 2-trichloroacetyl 3:4: 6-triacetyl 
p-glucosyl chloride (0*5421 g. ; 1 mol.). The solution was rapidly 
diluted with dry methyl alcohol to 25 c.c. The following changes 
in rotation at room temperature were observed (l = 2*0 ; c = 2*17) : 


i (mins.) 2 4 6 10 12 14 17 

«d +0*94° 0*66° 0-45° 0*29° 0-25° 0*20° 0*13° 

t (mins.) 19 23 29 54 88 1080 

«i> +0*10° 0-03° -0*10° -0*28° -0*35° -0-54° (const.) 


The solution was neutral after 24 hours. The final value, calcul- 
ated on the assumption that only (3-methvIglueoside is present 
is 0] D -31-2°. 

The product obtained on evaporation, however, did not consist 
entirely of 0-methylgIucoside. After solution of the glucosides in 
absolute alcohol and filtration to remove mineral matter, no appreci- 
able amount of p-methylglucoside could be separated, even after 
concentration of the alcoholic solution and nucleation with p- methyl- 
glucoside. A determination of the acetyl content by hydrolysis 
with alcoholic potash showed that the product consisted largely of 
monoacetyl (B -methylglucoside (Found : Ac, 13*2. Calc, for 
C 7 Hi 3 0 6 Ac : Ac, 18*4%). It is evident that extensive deacetyl- 
ation is brought about even in the cold by the action of a slight 
excess of sodium methoxide. 

Action of a Solution of Sodium Ethoxide in Ethyl Alcohol on 
2-Trichloroacetyl 3:4: G-Triacetyl §-Glucosyl Chloride.— The form- 
ation of 3:4: 6-triacetyl Methylglucoside . The p-glueosyl chloride 
(1-1393 g.) was mixed with sodium ethoxide (1 mol.) in ethyl alcohol 
at room temperature, and the solution diluted to 25 c.c. No 
readings of the change of rotation were taken owing to the precipit- 
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ation of sodium chloride. After 24 hours, the solution was neutral 
to moist litmus, and after filtration had cc 3 +0*21° (l = 0*5) ; hence 
[a] D +9°, calculated on the glucosyl chloride, or [a] D +11°, calculated 
on triacetyl ethylglucoside. 

Saturation of the solution with dry ammonia at room temperature, 
and subsequent evaporation after 20 hours, followed by extraction 
with ether to remove trichloroacetamide, and then drying at 78°/12 
mm., left a mixture of ethylglucosides, [a] D —14° in water (c = 1*95 ; 
l = 0*5). The solution was almost indifferent to Fehling’s solu- 
tion, and showed no detectable mutarotation after 24 hours. This 
value of the specific rotation corresponds to a mixture of 91% of 
p-ethylglucoside and 9% of a-ethylglueoside. The presence of 
p -ethylglucoside as the major constituent of the mixture was also 
demonstrated by acetylation, whereby 2:3:4: 6-tetra-acetyl 
P-ethylglucoside was obtained which, after one crystallisation from 
alcohol, melted, alone or mixed with a genuine specimen, at 
103 — 104°. 

Isolation of 3:4: 6-triacetyl P- ethylglucoside . The filtered solution 
resulting from the action of sodium ethoxide (1 mol.) on 2-trichloro- 
acetyl 3:4: 6-triacetyl [3 -glucosyl chloride in alcohol had [a] D 
+4° (c = 4*78), calculated on the original glucosyl chloride, and 
[a] D +6°, calculated on triacetyl ethylglucoside. It was evaporated 
under reduced pressure, and the dry residue extracted with ether. 
The ethereal solution deposited, on spontaneous evaporation, 
needles, m. p. 105 — 110°, which were contaminated by a small 
quantity of a substance having the odour of an ester. After three 
crystallisations from ethyl alcohol, the solid melted at 119 — 120°, 
and was identified by its m. p., mixed m. p., and specific rotation as 
3:4: 6-triacetyl p-ethylglucoside (Hickinbottom, loc. cit.)> 

Action of Sodium Phenoxide and Phenol on 2 - Trickloroacet yl 
3:4: 6-Triacetyl p- Glucosyl Chloride. — Sodium phenoxide solution 
w y as prepared by the action of metallic sodium on an excess of 
molten phenol, precautions being taken to exclude moisture. The 
crystalline compound which separated on cooling, and probably con- 
sisted of the additive compound of phenol and sodium phenoxide 
(compare Gentsch, D.R.-P. 156761), was dissolved in sufficient dry 
acetone to give an approximately 0*5A-solution. The concentration 
of phenoxide was determined accurately by titration. 

2-Trichloroacetyl 3:4: 6-triacetyl p-glucosyl chloride (0*7816 g.) 
was treated with sodium phenoxide (1 mol.), and the solution made 
up to 25 c.c. with acetone. A precipitate of sodium chloride formed 
rapidly. After 2 hours the filtered solution had [a] D +33°, calcul- 
ated on the basis of the glucosyl chloride, and this value did not 
alter during 48 hours. The filtered solution was evaporated, and 
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the residue heated at 100°/15 mm. to remove phenol. A brownish 
gum was obtained, [cc]d +106*5° in benzene (c — 2*16; l = 0*5). 
After deacetylation with alcoholic alkali, a mixture of phenyl- 
glucosides remained, [a] D +88° in water (c=l*48; l = 0*5). 
Acetylation of the glucosides gave a brownish mixture of the tetra- 
acetyl phenylglucosides, [a] D +95° in benzene (c = 1*35; 1 = 0*5). 
This value corresponds to a mixture containing approx im ately 
64% of tetra-acetyl a-phenylglucoside and 36% of the p-isomeride. 
Crystallisation of the crude mixture from alcohol furnished pure 
2:3:4: 6-tetra-acetyl a-phenylglucoside, m. p. 110—112° alone 
or mixed with an authentic specimen. [a] D +168° in benzene. 

Action of a Solution of Sodium Methoxide in Methyl Alcohol on 
3:4: 6-Triacetyl (3 -Glucosyl Chloride . — Sodium methoxide (1 mol.) 
in methyl-alcoholic solution (0-6683A) was diluted with methyl 
alcohol and added to 0-6655 g. of pure 3:4: 6-triacetyl p-glucosyl 
chloride (m. p. 154°). The solution was made up to 25 c.c. as 
rapidly as possible : 4 minutes after mixing, [a] D (calc, on the glucosyl 
chloride) was —7*5°, and it fell to a constant value of [a] D —22*5° 
on keeping over-night at room temperature. The solution then 
contained no free glucosyl chloride. It was evaporated under 
diminished pressure, and the residue extracted repeatedly with 
boiling ethyl acetate. Evaporation of the extract left a transparent 
colourless gum which was inactive towards boiling Fehling’s solution. 
Deacetylation of the gum with alcoholic ammonia at room temper- 
ature left a product which consisted very largely of p-methyl- 
glueoside, [a] D —32° in water (c = 1*57 ; l = 0*5). The identification 
as p-methylglucoside was established by its m. p., mixed m; p., and 
specific rotation, after crystallisation from absolute alcohol. 

Action of Sodium Phenoxide on 3:4:' 6-Triacetyl ^-Glucosyl 
Chloride . — A solution (0*4161 N) of sodium phenoxide (I mol.) in 
acetone containing free phenol was added to 3:4: 6-triacetyl 
P-glucosyl chloride (0*5364 g.), and the solution diluted rapidly to 
25 c.c. The separation of sodium chloride commenced in less than 
a minute after mixing. Filtration after 18 hours gave a solution 
having [a] D +50°, calculated on the basis of the glucosyl chloride. 
In another experiment, with 0*5031 g. of (3-glueosyl chloride in 
25 c.c. of acetone containing 1 mol. of sodium phenoxide, there 
resulted a solution which had [a] D +49° after being kept for 50 
hours at room temperature. Both solutions were faintly alkaline 
to moist litmus. They were combined, and the acetone was removed 
under reduced pressure. The residue, after being heated at 
1Q0°/15 mm. to remove phenol, was a light brown, transparent 
gum, [a]r> +42° in alcohol (c = 1*62 ; 1= 0*5). 

Acetylation of this residue in pyridine furnished a product having, 
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after the usual treatment to remove pyridine, [a] D +40° in benzene 
(c = 2d). This value corresponds to a mixture of approximately 
65% of the tetra-acetyl (3-phenylglucoside and 35% of the a-isomeride. 
Crystallisation from alcohol gave pure 2:3:4: 6-tetra-acetyl 
(3-phenylglucoside, m. p. 125 — 126°, [a] 0 —28° in benzene. 

Action of Sodium Methoxide in Methyl Alcohol on 2 : 3 : 4 : 6- 
Tetra-acetyl ac-Glucosyl Bromide. — In order to compare the behaviour 
of the (3-glucosyl halides towards sodium methoxide with that of the 
a-glucosyl halides the action of sodium methoxide in methyl alcohol 
on 2:3:4: 6-tetra-acetyl a-glucosyl bromide was followed 
polarimetrically. 

Sodium methoxide (1 mol.) in methyl-alcoholic solution (0-4A 7 ) 
was added to 1*1969 g. of 2 : 3 : 4 : 6-tetra-acetyl a-glucosyl bromide 
at room temperature, and methyl alcohol then added to make the 
volume up to 50 c.c. The changes in rotation were : 

t (mins.) ... 1*5 3 5 S 45 1135 

= 0*5) —0*01° -0*05° -0*07° -0*09° -0*13° -0*15° (const.) 

The solution after acetylation yielded tetra-acetyl (3-methyl- 
glueoside. 

The Stability of 2-TricMoroacetyl 3:4: 6-Triacetyl $-Glncosyl 
Chloride. — Attempts were made to effect the isomerisation of 
2-trichloroacetyl 3:4: 6-triacetyl [3-glucosyl chloride by the action 
of traces of alkali or sodium methoxide in acetone. 

A solution of the (3-glucosyl chloride in dry acetone ([a] D +8°; 
c = 4*41 ; l — 0*5), treated with 2 drops of O-SJV-solution of sodium 
methoxide in methyl alcohol, showed no change in rotation after 
being kept at room temperature for 25 minutes. The subsequent 
addition of 1 drop of 5A r -sodium hydroxide gave a solution which had 
[a]j> +10*5° after 24*5 hours and [a] D +13*1° after 47*5 hours. The 
tube contained a small deposit, presumably sodium chloride. The 
solution, however, on evaporation gave unchanged p-glucosyl 
chloride. 

A suspension of an excess of sodium methoxide (e.g. } 2 mols.) in 
dry xylene free from methyl alcohol had only a slow action on 
2-trichloroacetyl 3:4: 6-triacetyl (3-glucosyl chloride. After 17 
hours, with intermittent shaking, the filtered solution had [a] D +17°, 
calculated on the basis of the glucosyl chloride. Evaporation 
under reduced pressure gave a residue which partly crystallised, 
and from which a large proportion of unchanged (3 -glucosyl chloride 
was isolated. 

The addition of 1 drop of concentrated hydrochloric acid to an 
acetone solution of 2-trichloroacetyl 3:4: 6-triacetyi (3-glucosyl 
chloride (c = 4*4) brought about a change in specific rotation 
from +7*2° to +9*6° after 92 hours. The solution had become 



1348 BARNETT AND GOOD WAY : SYNTHESIS OF meSO- ALKYL 

* 

darker in colour. On evaporation it yielded a somewhat im- 
pure product, m. p. 120 — 125°, from which the pure (3-glucosyl 
chloride, m. p. 135 — 136°, was obtained by one crystallisation from 
ethyl alcohol. 

University or Birmingham, 

Edge aston. [Received, April 3rd, 1930.] 


CLXXIV . — The Synthesis of meso -Alkyl and meso- 
Aryl Anthracene Derivatives . Part VII. 

By Edwabd de Baeby Barnett and Norman Frederick 

Goodway. 


The isolation of 3-chloro-9-anthrone (Barnett and Matthews, J., 
1923, 2549) from the mixture of 2- and 3-chloro-9-anthrone obtained 
by the reduction of 2-chloroanthraquinone with tin and hydrochloric 
acid or with aluminium powder and concentrated sulphuric acid 
can be readily effected by the method used by Barnett and Goodway 
(J., 1929, 1754) for the isolation of 3-methyl-9-anthrone, viz., 
acetylation and fractional crystallisation of the mixed anthranyl 
acetates. 

2- and 3-Chloro-9-anthrone condense readily with benzyl chloride 
in the presence of potassium hydroxide and yield, as would be 
expected, the chlorodibenzylantkrones . 

By interaction with magnesium alkyl halides (Barnett and 
Goodway, J., 1929, 20, 1745), 10-benzhydrylanthrone (I, X — C 6 H 4 ) 
gives dihydroanthranols (II, X = C 6 H 4 ) which undergo transannular 
loss of water to form the alkylbenzhydrylanthraeenes (III), whereas 
1 : 5-dichloro- 10-benzhydrylanthrone (I, X = C 6 H 3 C1) gives dihydro- 
anthranols (II, X = C 6 H 3 C1) which undergo transannular loss of 
benzhydrol to give the alkylanthracene (IV). 


CO 

x<>x — 

dH-CHPh 2 

(I.) 


HO-CE 

X<>X 

(3H-CHPL 

(II.) 


CE CR 

C eH 4 <|>O e H 4 C 6 H 3 C1<|>C 6 H3C1 
> C*CHPh 2 CH 

(HI.) (IV.) 


As it seemed possible that this difference in behaviour was due to 
the co-ordination of the hydrogen atom at 10 with the chlorine atom 
at 5 (compare Barnett and Wiltshire, Ber., 1929, 62 , 3063 ; Barnett, 
Goodway, and Wiltshire, ibid., 1930, 63 , 472), the behaviour of the 
dihydroanthranols obtained by the action of magnesium benzyl 
chloride on some other Bz . - chloro - 1 0-benzhydrylanthr ones has been 
e x am in ed. The results obtained, which are summarised below, 
show that co-ordination of the wmso- hydrogen atom cannot possibly 
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be the factor determining the type of transannular loss suffered 
under the influence of hydrogen ions : for instance, 1 -chloro-, 
2-chloro 4 -chloro-, 1 : 4 -dichloro-, and 4 : o-dichloro-9-benzyl-lQ-benz- 
hydryl-d : 1 0 -dihydro -9 - anthranol all undement loss of benzhydrol 
and yielded the corresponding chlorinated 9-benzylanthracene ; 
1 : 8 -dichlor o-9 -benzyl- 1 0 - benzhydryl-9 : 1 0 - dihydro - 9 - anthranol (V), 
on the other hand, lost water and passed into 1 : &-dichloro~9-benzyl- 
10-benzhydrylanthracene (VI). 


HO CH*Ph 
Cl \./ Cl 



H/\CHPh 2 


ClCH 2 Ph Cl 



1 : 8- and 4 : o-Dichloro-9-anthrone differ markedly from anthrone 
itself in their behaviour towards benzophenone chloride, for where- 
as anthrone yields diphenylmethyleneanthrone (anthrafuchsone) 
(Padova, Cornet, rend., 1906, 143, 121 ; Ann. Chim., 1910, 19, 388), 
the two dichloroanthrones are merely oxidised to the dianthrones. 
Also, after boiling for 3 hours with phthaloyl chloride in xylene 
solution, they were largely recovered unchanged and, although 
some resinous matter was formed in each case, no compound 
corresponding to the phthalylidene derivative obtained by Padova 
(Compt. rend., 1909, 418, 290) from anthrone itself could be detected. 

As was. foreseen, 1 : 4-dichloroanthrone condenses with benzyl 
chloride in the presence of sodium hydroxide to give 1 : 4:-dichloro- 
10-benzylanthrone (VII), and the dihydroanthranol (VIII) obtained 
from this by the action of magnesium benzyl chloride undergoes loss 
of water to form the benzylidene derivative (IX). This behaviour 
is in harmony with the suggestion (Barnett, Goodway, and Wiltshire, 
loc. cit.) that a m&so-hydrogen atom forms a chelate ring with 
the chlorine atom in the pen-position, as indicated in the formulae 
below. 


PhELC OH 

CO Cl \ / Cl 



PhHgC EK-Cl PhH 2 C H-4-C1 
(VII.) (VIII.) 


CHPh 


Cl 



PhELC H-4-CI 

(IX.) 


The failure of 1 : 4-dichloro-10-benzylanthrone to undergo 
enolisation when boiled with alcoholic sodium hydroxide furnishes 
further evidence of the immobilisation of the meso-hydrogen atom, 
z z 2 
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Z-Ckioro~9-anthrone. — The mixture of anthrones obtained by the 
reduction of 2-chloroanthraquinone by the tin-hydrochloric acid 
method was acetylated on the water-bath with pyridine and acetie 
anhydride and the resulting anthranyl acetates were recrystallised 
from benzene-light petroleum or toluene-light petroleum. 3-Chloro- 
O-anthranyl acetate (m. p. 146°; Barnett and Wiltshire, J., 1928, 
1822) was thus easily obtained in the pure state; it yielded the 
corresponding anthrone on hydrolysis with alcoholic alkali in an 
inert atmosphere (compare Barnett and Goodway, J., 1929, 1754). 

2- ChIoro-lO : 10 -dibenzylanthr one. — 2-Chloro-9-anthrone (10 g.) 
and benzyl chloride (10 c.c.) were boiled under reflux with a solution 
of potassium hydroxide (7 g.) in water (25 c.c.) for an hour. After 
being washed with water and with ice-cold ether, the product was 
recrystallised from glacial acetic acid and from benzene-light 
petroleum. It was then colourless and melted at 185° (Found : 
G, 82*0 ; H, 5*3. C^H^OCl requires C, 82-2 ; H, 5*1%). 

3- Chloro-10 : 10 -dibenzylanthr one, prepared in exactly the same 
wav as the above compound, formed colourless crystals, m. p. 174° 
(Found: 0,82-3; H, 5*4%). 

‘Bz.-CMoro-lO-benzhydrylanthrones . — In all cases the anthrone 
(5 — 10 g.) was boiled with an excess of crude benzhydryl chloride 
(10 — 20 c.c.) and aqueous sodium hydroxide (75 — 100 c.c.; about 
12% strength) until the black tar at first formed vanished (10 — 30 
minutes). After cooling, the viscous product was washed with 
water, triturated with ice-cold ether to remove resinous by-products, 
and crystallised from acetic acid or acetone and then from benzene- 
light petroleum. The products were all colourless and, when 
boiled with alcoholic alkali, gave a distinct colour only when there 
was no chlorine atom in position 4 or 5. 

In the following table the figures under ce Analysis 55 refer to carbon 
and hydrogen, the calculated figures being given in parentheses. 


Cl tit 

M. p. 

'Analysis. 

Cl at 

M. p. 

Analysis. 

1 

204° 

S2-3; 5*0 (S2-1 ; 4-8) 

1 : 4 

191° 

75*4; 4-4 (75-5; 4*2) 

o 

17 1 

82*1 ; 5-0 „ 

1 : S 

242 

75-4; 4*4 „ „ 

4 

175 

S2-0; 4*S „ 

4 : 5 

224 

75*4; 4*3 ,, „ 


A crystalline product could not be isolated from the resin obtained 
when 3-chloro-9-anthrone was boiled with benzhydryl chloride and 
alkali. 

Bz. - Ckloro - 9 - benzyl - 10 - benzhydryl - 9 : lG-dihydro-9-anthranols . — 
In all cases the benzhydrylanthrone was added slowly t6 an ethereal 
solution of magnesium benzyl chloride (3 mols.) cooled in a freezing 
mixture, and after being kept over-night at the ordinary temperature 
the whole was poured on a mixture of ice and solid ammonium 
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chloride. Sparingly soluble dihydroanthranols were isolated by 
filtration, and the more soluble dihydroanthranols by evaporation 
of the washed and dried (Na 2 S0 4 ) ethereal solution. In the latter 
case the dihydroanthranol was sometimes left as an oil which 
became solid on treatment with aqueous acetone or light petroleum, 
but the dihydroanthranol obtained from l-chloro-10-benzhydryl- 
anthrone refused to crystallise. Purification was effected by 
recrystallisation from aqueous acetone and then from benzene-light 
petroleum. The products were all colourless. 

Dehydration was brought about by means of acetic acid containing 
a little concentrated hydrochloric acid, either by keeping over-night 
at the ordinary temperature or by brief heating on the water-bath. 
The resulting Bz . - chloro - 9 - b enzylanthr ac enes were identified by 
direct comparison with authentic specimens. 


Cl at 

M. p. 

Analysis. 

Cl at 

M. p. 

Analysis. 

2 

166° 

83*8; 5*7(83*9; 5-6) 

I : 4 

199 a 

78-2; 5-2 (78-3; 5-0) 

4 

20S 

83*6; 5*8 „ 

1 : 8 

190 

78-4; 5-3 „ 




4 : 5 

186 

78-5; 5-1 „ „ 


1: 8-DicMoro-9-benzyl-lQ-benzhydrylanthracene (VI) formed pale 
yellow crystals, m. p. 139°, from acetone (Found : C, 81*1 ; H, 4-S. 
C 34 H 24 C1 2 requires C, 81-1 ; H, 4*8%). 

Action of Benzophenone Chloride on 1:8- and 4 : 5-Dichloro- 
anthrones. — The anthrone (5*4 g.) was boiled for 3 hours with benzo- 
phenone chloride (5*5 g.) and xylene (50 c.c. in the case of 1 : 8-di- 
chloroanthrone ; 15 c.c. in the case of 4 : 5-dichloroanthrone). 
1:8:1': 8'-Tetrachloro-10 : lO'-dianthrone separated from the 
boiling solution, and after being washed with xylene was recrystal- 
lised from nitrobenzene (Found : C, 64*0; H, 2*7. Calc. : C, 64*1 ; 
H, 2*7%). 4 : 5 : 4' : 5' - Tetrachloro - 10 : 10 dianthrone was 

isolated by the addition of light petroleum and subsequent recrvstal- 
lisation from benzene-ethyl acetate. On heating, it darkened but 
did not melt below 315° (compare Barnett, Cook, and Matthews, 
Bee . trav, chim ., 1926, 45, 75). 

Neither of the above dianthrones gave any colour on boiling with 
alcoholic alkali. The latter, however, was enolised by pyridine 
and after boiling for 3 minutes with this solvent gave an immediate 
red colour on the addition of a drop of sodium hydroxide. The 
former gave no colour after similar treatment, presumably owing to 
the immobilisation of the meso -hydrogen atoms by co-ordination 
with the chlorine atoms. 

1 : 4c-Dichloro-lQ-bmzyl-9-anthrQne (VII).— 1 : 4-Dichloroanthrone 
(10 g.) was boiled with benzyl chloride (10 c.c.) and a solution of 
potassium hydroxide (7 g.) in water (30 c.c.) for an hour. The 
product having been washed with water and freed from volatile 
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material by distillation with steam, the resinous residue was tri- 
turated with cold ether and crystallised from benzene-light 
petroleum. The resulting colourless crystals melted at 123° 
(Found: C, 71-3; H, 4*1. C 21 H 14 0C1 2 requires C, 71*4; H, 4*0%). 

1 : 4-Dichloro-9 : 19 -dibenzyl -9 : 10 -dihydroanthranol (VIII). — 
1 : 4-Diehloro-10-benzylanthrone (6 g.) was added slowly to an 
ethereal solution of magnesium benzyl chloride (3 mols.) cooled in a 
freezing mixture, and the whole kept over-night at the ordinary 
temperature and then poured on a mixture of ice and solid 
ammonium chloride. The oil obtained by evaporation of the washed 
ethereal solution became solid on cooling and was then recrystallised 
from aqueous acetone and from benzene-light petroleum. The 
resulting colourless crystals melted at 165° (Found: C, 75*5; H, 
5*1. CggH^OClg requires C, 75*5; H, 4*9%). 

1 : 4-Dichloro-lQ-benzylidene-9 : 10 -dihydroanthracene (IX). — The 
above dihydroanthranol was kept over-night at the ordinary 
temperature in glacial acetic acid solution to which a little concen- 
trated hydrochloric acid had been added. The resulting solid 
separated from benzene-light petroleum in colourless non- 
fluorescent crystals, m. p. 186° (Found : C, 78*7 ; H, 4*9. 
CagH^CLj requires C, 78*7 ; H, 4*7%). 

One of the authors (E. de B. B.) desires to express his thanks to 
Imperial Chemical Industries, Ltd., for a gift of 1 : 8-dichloro- 
anthraquinone and for a grant out of which some of the expenses of 
this research have been paid. 

Sib John Cass Technical Institute, 

London, E.C. 3. [ Received , April 10th, 1930.] 

CLXXV . — The Space Configuration of the Trithio - 

acetaldehydes . 

By Frederick Daniel Chattaway and Edwin Geoffrey 

Kellett. 

Decent work (Fromm and Engler, Ber ., 1925, 58, 1916; Bell, 
Bennett, and Mann, J., 1929, 1462) has supported the earlier view 
of Baumann and Fromm (Ber., 1889, 22, 2600) that trithioacet- 
aidehyde, (CH 3 *CH.‘S) 3 , exists in two isomeric forms, the so-called 
a-trithioacetaldehyde, m. p. 101°, and (3-trithioacetaldehyde, 
m. p. 126°, and that the supposed y-form (Marckwald, Ber., 1886, 
19, 1826; Polaek and Thummel, Ber., 1889, 22, 2871 ; Mann and 
Pope, J., 1923, 123, 1178) is a mixture of these two. Although it 
has been customary to regard the a-form as the cis-isomeride 
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(having all three methyl groups on the same side of the plane of the 
ring), there is no direct chemical evidence for this view. Baumann 
and Fromm regarded the (3 -form as trans- (. Ber ., 1891, 24, 1428) 
because it is the more stable isomeride, arguing by analogy with the 
hexahydrophthalic acids. Auwers and Ottens (Ber., 1924, 57, 
439) support this view from comparisons of physical data. 

The oxidation products of these two isomerides which have 
previously been described are anomalous in that both isomerides 
give one and the same trisulphone (Baumann and Fromm, Ber., 
1889, 22, 2606; Lomnitz, Ber., 1894, 27, 1667) and one and the 
same disulphone (Baumann and Fromm, Ber., 1893, 26, 2074) ; 
while only one trisulphoxide of a-trithioacetaldehyde and one of the 
(3-form have been obtained (Fromm and Engler, loc. cit.), though the 
stereoisomeric possibilities, having regard to the possible dispositions 
of the semipolar double bonds in relation to the plane of the ring 
(compare Bell and Bennett, J., 1927, 1798), are much more numerous 
than this (six trisulphoxides of the trans -form, and four of the 
ci 5-form, may be predicted). 

It is shown in the present paper that a-trithioacetaldehyde forms 
two isomeric monosvlphoxides , and (3-trithioacetaldehyde one. The 
maximum number theoretically possible is two from the cis-form 
and four from the trans -form. Each of the three monosulphoxides 
actually obtained has, however, been further oxidised to a distinct 
monosulphone. Hence, since a-trithioacetaldehyde yields two 
isomeric monosulphones, and the (3-form only one, the a-form must 
have the £nms-structure. 


9 H 3 9 H 3 

= f®* ¥ ™, b s 

- \1 and 


T 

r S a j”. 
-so 2 — 9 


(symmetrical) 


9 H 3 


9 H 3 
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Experimental. 

Oxidation of $-Trithioacetaldehyde to a Monosulplioxide. — 10 G. 
of finely powdered (3-trithioacetaldehyde, m. p. 126°, were suspended 
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in 100 c.c. of glacial acetic acid, and 6 c.c. of “ perhydrol,” dissolved 
in 150 c.c. . of acetic acid, added during 8 hours, with vigorous 
shaking. (The reaction is rapid, since 15 minutes after addition 
of the last drop of “ perhydrol ” solution no free hydrogen peroxide 
could be detected in the reaction mixture by the perehromic acid 
test.) The clear solution thus obtained was diluted to 1500 c.c. 
with cold water and 220 g. of anhydrous sodium carbonate were 
added; it was then filtered, and the filtrate extracted with 400 c.c. 
of chloroform in eight portions. The extract was dried over calcium 
chloride and the chloroform evaporated, leaving 9*5 g. of crude 
product. On crystallisation from 20% aqueous alcohol (60 c.c.), 
this proved to be a single pure compound. 

^Trithioacetaldehyde monosulphoxide crystallises from alcohol, in 
which it is very readily soluble, in large, compact, colourless crystals 
of ill-defined shape, m. p. 118*5° (Found: S, 49*2. C 6 H 12 OS 3 
requires S, 49*1%). It is moderately easily soluble in cold water, 
and readily soluble in all the usual organic solvents. On warming 
with zinc dust in dilute hydrochloric acid, it is reduced to p-tri- 
thioacetaldehyde. 

Oxidation of p- Trithioacetaldehyde Monosulphoxide to a Mono - 
milphone. — 3 G. of potassium permanganate, dissolved in 300 c.c. 
of water, were added during 6 hours to a stirred solution of 5*6 g. 
of p -trithioacetaldehyde monosulphoxide in 750 c.c. of water 
containing 10 g. of magnesium sulphate. Each drop of permangan- 
ate Was decolorised almost instantaneously. When all had been 
added, the precipitated manganese dioxide was dissolved by passing 
sulphur dioxide through the mixture. The resulting liquor, con- 
taining the product partly in suspension and partly in solution, was 
extracted with 120 c.c. of chloroform in eight portions. The extract 
was dried and evaporated, and the residue recrystallised from 50% 
aqueous alcohol (yield, 4 g.). 

p -Trithioacetaldehyde monosulphone crystallises from alcohol, in 
which it is moderately easily soluble, in slender colourless prisms, 
m. p. 190° (Found : S, 45*6. C 6 H 12 0 2 S 3 requires S, 45*3%). It is 
only sparingly soluble in cold water. It is not reduced by zinc in 
hydrochloric acid, nor by tin in a mixture of hot hydrochloric and 
acetic acids, nor by hydriodic acid in the cold. On boiling for some 
time with fresh, constant-boiling hydriodic acid, it is to some extent 
decomposed, hydrogen sulphide being liberated and tarry products 
formed; any crystallisable product recovered from this reaction, 
however, is the unchanged sulphone. 

It may be noted (a) that p-trithioacetaldehyde is not oxidised by 
“ perhydrol 3J in neutral acetone solution, (b) that, if it is attempted 
to oxidise p-trithioacetaldehyde directly to its lower oxidation 
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products with a l i m ited amount of either neutral or acid permangan- 
ate, a complex mixture of products is formed, even though the 
process be protracted over several days, and (c) that, if it is attempted 
to oxidise p-trithioaeetaldehyde monosulphoxide with a limited 
amount of acid permanganate, a complex mixture ' of products is 
again obtained. 

Oxidation of a- Tritkioacetaldehi/de to a Pair of Isomeric Mono- 
sulphoxides, — 10 6. of a-trithioacetaldehyde, na. p. 100°, were 
suspended in 75 c.c. of acetic acid and oxidised with ie perhydrol ” 
as above. Yield of crude product, 9-5 g. This was recrystallised 
from 20% aqueous alcohol (75 c.c. for the first operation) until it 
had a constant m. p. 136° (4*6 g.). The mother-liquors were 
concentrated on the water-bath and evaporated to dryness in a 
vacuum desiccator. The residue was extracted by rinsing it several 
times with quantities of 25 c.c. of water at 50° ; these extracts were 
evaporated to dryness and the residue was recrystallised from 
10% aqueous alcohol until it had m. p. 93° (1 g.). 

a -Trithioacetaldehyde a-monosulphoxide crystallises from 20% 
alcohol, in which it is readily soluble, in large, colourless, rhombic 
plates, m. p. 136° (Found : S, 49*4%). It is moderately easily 
soluble in cold water and very readily in organic solvents. It is 
reduced to a-trithioacetaldehyde by warming with zinc dust and 
dilute hydrochloric acid. 

a- Trithioacetaldehyde p- monosulphoxide crystallises from 10% 
alcohol in slender colourless prisms, m. p. 93° (Found : S, 49*4%). 
Its solubilities are only slightly greater than those of the a -form, 
above. It is reduced by nascent hydrogen to a-trithioacetaldehyde. 

Each of the three isomeric monosulphoxides lowers the m. p. of 
either of the others. 

Oxidation of u-Trithioacetaldefoyde to a Pair of Isomeric Mono- 
sulphm tes.— 8*3 G. of a-trithioacetaldehyde were oxidised to the 
monosulphoxide stage, as above, with “ perhydrol.” To the 
solution in acetic acid, aqueous caustic potash was added until the 
mixture was just alkaline to phenolphthalein ; the total volume of the 
solution was then about 1200 c.c. ' 20 Q. of magnesium sulphate were 
dissolved in this, and 4*9 g. of potassium permanganate, dissolved 
in 500 c.c. of water, added with mechanical stirring dining 9 hours. 
The resulting reaction mixture was worked up as described for 
P-trithioacetaldehyde monosulphone. Yield of crude product, 
9*5 g. By fractional crystallisation from alcohol, two isomeric 
products were isolated. 

a- Trithioacetaldehyde a- monosulphone is sparingly soluble in 
water, more readily in alcohol. It crystallises in two polymorphic 
forms. When a hot alcoholic solution is cooled, the labile form 
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separates as a felted mass of colourless needles. These, on standing 
in contact with the solvent for 24 hours at the ordinary temperature, 
dissolve, and the stable form separates as large, colourless, rhombic 
crystals. Both forms melt at 157-5°, transformation into the stable 
form occurring before melting (Found : S, 45-3%). 

o i-Tritkioacetaldehyde $-monosulphone crystallises from alcohol, 
in which it is appreciably more soluble than the a-monosulphone, 
in slender colourless prisms, m. p. 115 — 116° (Found : S, 45-1%). 

These two isomerides are stable towards reducing agents in the 
same way as is (S-trithioacetaldehyde monosulphone. They do 
not undergo stereoisomeric inversion under the influence of hydrogen 
iodide, iodine or acetyl chloride. The a-monosulphone corresponds 
to the a-monosulphoxide, since if the latter compound is oxidised 
with the appropriate amount of neutral permanganate, the a-mono- 
sulphone is obtained alone in practically quantitative yield. 

The Queen’s College Laboratory, 

Oxford. [Received, April I2ih, 1930.] 


CLXXVI . — Attempts to find New Antimalarials. 

Part F. Some Piperidino - and Piperazino-deriv - 
atives of Quinoline . 

By William Ogilvie Kermack and James Fergus Smith. 

4-Chloro-2-methylquinoline and its derivatives, which are 
readily obtained by the treatment with phosphoryl chloride and 
phosphorus pentachloride, of the corresponding 4-hydroxy-2-methyl- 
quinolines, prepared according to the method of Conrad and Limpach 
( Ber ., 1887, 20, 947) by the condensation of ethyl acetoacetate with 
the requisite derivatives of aniline, condense readily with various 
primary and secondary amines. For instance, 4-piperidino-2« 
methylquinoline and 4-piperidino-6-methoxy-2-methylquinoline were 
obtained from piperidine and 4-chloro-2-methylquinoline and 
4-ehloro-6-methoxy-2-methylquinoline, respectively, at 180°. 

When 4-chloro-2-methylquinoline was heated at 140° with a 
considerable excess of piperazine hexahydrate for 2 — 3 hours, a white 
solid separated, from which 4-p ip erazino-2~methylqui?ioli?ie was 


Me Me 



isolated, besides a small quantity of 1 : 4-di-2' -methyl-4' -quimlyl- 
piperazine (I). When relatively less piperazine was used, a corre- 



ATTEMPTS TO ITND NEW ANTIMALARIALS. PART V. 1357 


spondingly larger quantity of (I) was formed. Under similar con- 
ditions 4-chloro-6-methoxy-2-methylquinoline condensed with piper- 
azine hydrate with the formation of 4-piperazino-6-methoxy-2-methyl~ 
quinoline and 1 : 4z-di-& -methoxy-2' -methyl-4/ -quinolylpiperazine. 

The preparation of mono-A 7 -substituted derivatives of piperazine 
usually presents considerable difficulty, and, with the simpler 
reactive halides, the disubstituted compound is usually obtained 
exclusively, or in preponderating amount (compare Moore, Boyle, 
and Thom, J., 1929, 39). p-Chloronitrobenzene is said to yield the 
monosubstituted derivative readily ; it is therefore of some interest 
that 4-chloro-2-methylquinoline and its derivatives can without 
difficulty be made to react with piperazine so as to yield mono- 
substituted products. 

Certain of the above compounds have been tested in respect of 
their antimalarial action, and the results of these biological experi- 
ments will be published elsewhere. As in other papers of this series, 
the numbers, given in parentheses, after certain compounds are to 
facilitate reference to the biological tests. 

Experimental. 

4t-Piperidino-2-meihylquinoline{Km. 10) . — Equimolecular quanti- 
ties of piperidine (2*5 g.) and 4-chloro-2-methylquinoline (5*3 g.) 
were heated together at 180° under reflux for 3 — 4 hours. The 
purple solid which separated was extracted with dilute hydrochloric 
acid (3%), and the solution made alkaline with caustic soda. The 
dark red oil which separated was subjected to steam distillation to 
remove any excess of piperidine or chloroquinaldine. The residue 
was dissolved in ether, dried over potassium carbonate, and re- 
covered as a dark oil. This, on distillation in a vacuum, gave a 
somewhat viscous, light yellow oil, b. p. 207°/12 mm., which would 
not crystallise. The picrate , obtained by means of a cold saturated 
solution of picric acid in benzene, crystallised from alcohol in yellow 
needles, m. p. 182° (Found ; 1ST, 15*4. C 15 H 18 N 2 ,C 6 H 3 0 7 N 3 requires 
N, 15*4%). 

The chloroaurate , obtained by mixing a solution of the hydro- 
chloride, containing an excess of hydrochloric acid, with an aqueous 
solution of gold chloride, separated as a yellow-brown precipitate, 
insoluble in hot water, but easily soluble in alcohol, from which it 
crystallised in dark red, almost rectangular, rhombic plates, m. p. 
174° (Found : Cl, 24*9. C 15 H 19 N 2 AuC 1 4 requires Cl, 25-1%). 

4-Piperidino-2-methylquinoline is fairly readily soluble in acids, 
although concentrated nitric acid, when added to a solution of the 
hydrochloride, precipitates yellow needles, m. p. 192° (decomp.), 
presumably the nitrate, which is sparingly soluble in cold, and rather 
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more soluble in hot water. The hydrochloride could not be obtained 
as a solid by passing dry hydrogen chloride into a benzene solution 
of the base. The base is somewhat soluble in most organic solvents, 
but is sparingly soluble in cold water. Its solution in concentrated 
sulphuric acid exhibits a very faint bluish fluorescence when illumin- 
ated by the arc lamp. Very little darkening of the solution is 
observed on warming (compare the behaviour of the methoxy- 
derivative). 

4-Piperidino-Q-methoxp~2-methylquinolme(Km . 12) . — When equi- 
molecular quantities of 4-chloro-6-methoxy-2-methylquinoline (6*2 
g.) and piperidine (2*5 g.) were heated together under the conditions 
adopted in the preparation of 4-piperidino-2-methylquinoline, and 
the purple solid formed was extracted and purified as above, a clear 
yellow, viscous oil was finally obtained, b. p. 220°/12 mm. The base, 
which could not be induced to crystallise, exhibited a strong greenish 
fluorescence, and in its properties closely resembled 4-piperidino- 
2-methylquinoline. With concentrated sulphuric acid, however, it 
gave a strong blue fluorescence which disappeared on dilution. On 
warming, the solution in concentrated acid developed an orange- 
brown colour, the blue fluorescence becoming less marked. The 
pier ate, obtained as before, crystallised from alcohol in clusters of long 
yellow prisms, m. p. 191° (Found : X, 14*2. C 16 H 20 OX 2 ,C 6 H 3 O 7 X 3 
requires X, 14*4%). 

The chloroanrate , obtained as above, crystallised from alcohol, in 
whieh it was readily soluble, in red rhombic plates, m. p. 156° 
(Found: Cl, 24*1. C 16 H 27 ON 2 AuC! 4 requires Cl, 23*8%). 

4:-Piperazino-2-methylquinoli?ie{Km. 13) 4-Chloro-2-methylquin- 
oline and a large excess of piperazine hexahydrate (15 g.) were heated 
under reflux for 3- — 4 hours in an oil-bath at 140°. The white solid 
which separated was extracted with dilute hydrochloric acid (3%), 
and the solution filtered, leaving behind a small quantity of the white 
hydrochloride of the corresponding diquinolylpiperazine. The 
filtrate, when made alkaline with caustic soda, deposited a yellow oil, 
which slowly crystallised. On recrystallisation from hot water (in 
which solvent there is a marked tendency to supersaturation), large, 
yellow-brown, rhombic plates of the hydrate were obtained, m. p. 
60°. These, on drying in a desiccator, lost 24*4% of their weight* 
corresponding to four molecules of water of crystallisation (24*1%), 
and yielded the anhydrous base, m. p. 103° (Found: 0, 74*2; H* 
7*5; X, 18*3. C 14 H 17 X 3 requires C, 74*0; H, 7*5; X, 18*5%). 

This compound is very soluble in alcohol, in dilute mineral, and 
acetic acids, soluble in ether, but very slightly soluble in benzene and 
in cold water; it dissolves quite readily, however, in hot water. 
When treated with concentrated sulphuric acid in the cold, the base 
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dissolves only with difficulty, yielding a clear solution ; this exhibits 
in the arc lamp a very faint blue fluorescence which disappears on 
dilution.' Neither the solution in concentrated sulphuric acid nor 
that in concentrated nitric acid exhibits any characteristic colour 
changes on warming (compare the methoxy-derivative). 

4 - Piperazino - 6 - methoxy - 2 - methylqidnoline(Km. 9) . — 4 - Chloro - 6- 
methoxy - 2 -methy Iquinoline (5 g.) was treated with piperazine 
hydrate (15 g.) under the same conditions as recorded in the prepar- 
ation of 4-piperazino-2-methylquinoline. In this case, none of the 
corresponding diquinolylpiperazine was formed, the compound being 
obtained in a very pure form by diluting the condensation product 
with 3 — 4 times its volume of water and allowing the hot solution to 
stand; crystals of the hydrate soon separated as pink pyramids 
which, after recrystallisation from hot water, melted at 55°. These 
crystals, when dried in a desiccator, lost 17-9% of their weight, 
corresponding to three molecules of water of crystallisation (17*4%), 
and yielded the anhydrous base , m. p. 113° (Found : C, 69*7 ; H, 
7*5; N, 16*0. C 15 H 19 ON 3 requires C, 70-0; H, 7-4; N, 16*3%). 

This compound resembles 4-piperazino-2-methylquinoline in 
solubility. Its solution in cold concentrated sulphuric acid, how- 
ever, exhibits a very strong greenish-blue fluorescence which dis- 
appears on dilution. When the concentrated acid solution is warmed, 
a reddish-brown colour develops and the fluorescence, although less 
marked, is retained. When treated with hot concentrated nitric 
acid, this compound develops a red colour. 

4'- A cetylA-piperazino-2-methylquinolme. — 4-Piperazino-2-methyl - 
quinoline was heated with acetic anhydride for 2 — 3 hours on the 
water-bath, the product warmed with water, and the solution made 
alkaline with caustic soda. The oily base obtained, which solidified, 
crystallised from hot water in large, brown, rhombic plates of the 
hydrate , m. p. 70°. When dried in a desiccator, these crystals lost 
16*9% of their weight, equivalent to three molecules of water of 
hydration (16*7%), and yielded the anhydrous base, m. p. 122°. 

This acetyl derivative resembles the parent base in solubility and 
in exhibiting a very faint blue fluorescence in concentrated sulphuric 
acid solution, by the arc light. In addition, its alcoholic solution 
exhibits a slight greenish fluorescence. 

4t r -A cetyl A-piperazino-^ -methoxy- 2-methylquinoline (Km . 1 1 ) .—This 
compound was prepared in a similar manner to the preceding one. 
The hydrate was obtained from hot water in light brown needles, m. p. 
86°, which, when dried in a desiccator, lost 10*9% of their weight, 
equivalent to two molecules of water of crystallisation (10*7 %), and 
yielded the anhydrous base, m. p. 154°. 

Here again, the properties of this acetyl derivative resemble closely 
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those of the parent base. The distinctive colour reactions shown by 
4-piperazino-6-methoxy-2-methylquinoline when warmed with con- 
centrated nitric or sulphuric acid, as well as the fluorescences 
exhibited, were slightly more marked in this case. In addition, its 
solution in alcohol exhibits a slight greenish fluorescence. 

1 : 4:-Di-2' -methyl-4: f -quinolylpiperazine(J&m. 14). — 4-Chloro-2- 
methylquinoline (3*5 g.) was condensed with piperazine hydrate (2 g.) 
under the same conditions as those adopted in the preparation of the 
monoquinolylpiperazines. The white solid which had separated 
after 2 — 3 hours was treated with cold hydrochloric acid (3%), 
which removed any unchanged materials, and was then dissolved in 
a large quantity of boiling water; when this solution was made 
alkaline with sodium hydroxide, the base was obtained as a volumin- 
ous white precipitate. It was practically insoluble in most organic 
solvents, but crystallised from hot pyridine in white rhombohedra, 
m. p. 314° (Pound: C, 78*1; H, 6*7. requires C, 78*3; 

H, 6*5%). 

This compound is fairly readily soluble in acetic and lactic acids, 
but forms sparingly soluble salts with dilute hydrochloric, nitric and 
sulphuric acids. It dissolves, however, in concentrated nitric acid to 
give a light yellow solution, which darkens only slightly on wanning 
(compare the methoxv-derivative). With concentrated sulphuric 
acid, it yields a clear solution which exhibits a very faint violet 
fluorescence in the arc light. When warmed, this solution 
rapidly turns green, changing to greenish-brown and finally dirty 
brown. 

. I : 4=~Di-6' -methoxy -2' -methyl-^' -qiimolylpiperazme(Km. 15). — This 
compound was obtained when 4-piperazino-6-methoxy-2-methyl- 
quinoline (2*5 g.) and 4-chloro-6-methoxy-2-methylquinoline (2 g.) 
were heated together at 140° for 2 — 3 hours, or when 4-chloro-6- 
methoxy-2-methylquinoline (4 g.) and piperazine hydrate (2 g.) were- 
heated under the same conditions as in the preparation of the last 
compound. In either case, the base was obtained as a white solid 
when a hot aqueous solution of the buff -coloured hydrochloride was 
made alkaline with caustic soda, the hydrochloride being readily 
isolated from the reaction mixture on account of its insolubility. 
The base crystallised from hot pyridine in pink rhombohedra, m. p. 
286° (Found : C, 72*5 ; H, 6*5. C 26 H 28 02N 4 requires G, 72*9 ; 
H, 6*5%). 

In its sparing solubility in most solvents it resembles very closely 
1 : 4-di-2 / -methyl-4'-quinolylpiperazine, already described. When 
its solution in concentrated nitric acid is warmed, however, a dark 
red coloration quickly develops. Its pale yellow solution in con- 
centrated sulphuric acid exhibits a strong green fluorescence which 
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disappears on warming, the solution becoming successively pale 
violet, dark violet, and finally reddish-purple. 
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CLXXVII . — The Passivity of Metals . Part V • The 
Potential-Time Curves of Some Iron Alloys . 

By L. C. Bannister and Ulick R. Evans. 

Previous work (Evans and Stockdale, J., 1929, 2651) having shown 
that those oxide films which give the best protection are the most 
difficult to remove, it seemed necessary to develop a method of 
studying the character of such films whilst they were still adhering 
to the metal. The most promising scheme was based on an examin- 
ation of time-potential curves similar to those obtained by May 
(J. Inst. Metals, 1928, 40, 141), by McAulay and Bastow (J., 1929, 
85), by W. J. Muller and Konopicky ( Monatsh ., 1929, 52, 463), and 
by Speller (private communication) . Such curves have already 
been studied by one of us (Evans, J., 1929, 92), but the method 
employed allowed the liquid to have access to the cut edges of the 
vertical specimens, causing complications due to shearing stresses 
and exposure of the interior layers, which in rolled metals may differ 
physically and chemically from the face ; furthermore, the incon- 
veniently rapid movement of the potential made it diffi cult to 
obtain early values. 

A new method has now been worked out in which specimens are 
placed horizontally and arranged so that their edges do not come into 
contact with the liquids. The potential movement is here com- 
paratively slow. An improved method of measuring the potential 
has also been adopted, and in this way a study has been made of the 
behaviour of different varieties of iron with or without carbon, copper, 
nickel, chromium, and molybdenum; a few experiments have also 
been carried out "with aluminium. 

Experimental. 

Materials . — The iron E 28 and steel H 28 were kindly presented by 
Dr. W. H. Hatfield and the steels K 1 and K 2 by Mr. Taylerson, of 
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Pittsburgh, Pa. ; K 1 is a typical American copper steel. In con- 
sidering the analyses given below, it should be remembered that 
practically all commercial irons contain copper, and that amounts 
below 0*05% are usually recorded in routine analysis as “ traces. 99 


\ E 28. , H 28. El. K2. 

Carbon 0*03 0*26 0*055 0-11 

Silicon Trace 0*15 0*010 0*010 

Sulphur 0*005 0*014 0*052 0*037 

Phosphorus 0*020 0*018 0*078 0*060 

Manganese 0*04 0*57 0*31 0*51 

Copper Nil 0*045 0*187 0*052 

Thickness (mm.) 0*34 0*32 0*86 0*86 


In addition a sample of “ Staybrite 59 steel, an austenitic alloy 
with 18% of chromium and 8% of nickel, was the gift of Dr. W. H. 
Hatfield, whilst Mr. J. H. G. Monypenny very kindly provided 
specimens of the following alloys : 

Cutlery 

“ stainless “ Stainless “ Two- 


steel.” iron.” score.” “ Anka.” “ B.B.4K.” 

Carbon 0-27 0-09 0-12 0-12 0-13 

Silicon ......... 0-19 0-22 0-40 0-24 0-54 

Sulphur 0-045 0-033 0-032 ■ 0-033 0-052 

Manganese ... 0-17 0-19 0-82 0-18 0-13 

Chromium ... 13-2 13-6 17-4 15-6 17-2 

Nickel 0-20 0-36 2-15 10-5 10-1 

Molybdenum — — — — 3-42 

Tempering 

temperature 750° 700° 650° — — 

Thickness 

(mm.) ...... 2-21 1-66 1-66 2-1S 1-19 


Of these, “ Anka 99 and ee B.B.4K 99 had been heated to 1000 — 
1050° and air-cooled; the structure was wholly austenitic. The 
others were “ hardenable 99 steels, softened, after rolling, by temper- 
ing at the temperature indicated ; these exhibited a duplex structure, 
with carbide as minute particles distributed in the ferrite. 

The aluminium was of two types : (a) electro-refined sheet (soft) 
with 0*013% of silicon, 0*012% of iron, 0*014% of copper, and 
0*004% of titanium, kindly supplied by Mr. E. H. Dix of the Alumin- 
um Company of America, and ( b ) some soft sheet of British origin 
containing 0*33% of silicon and 0*40% of iron. 

Procedure — The materials E 28 and H 28 were ground with French 
emery paper Ho. 1. For the harder materials, grinding on a coarse 
wheel was necessary. In some cases, this was followed by grinding 
with successively finer grades of emery, ending with French Ho. 1 ; 
this will be called “ sequence-finish. 99 After abrasion they were 
degreased with carbon tetrachloride. A glass cylinder of 3*5 cm. 
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diameter and 3 cm. height (G, Fig. 1), ground flat at the bottom, was 
cemented on to the metal (M) by means of nitrocellulose solution, and 
the whole was exposed to air for a week, with protection from dust 
and moisture. The calomel electrode G and connecting tubes T v 
T 2 , and jP 3 were then placed in position. The whole was introduced 
into an outer glass vessel surrounded with a water jacket, itself 
heavily lagged. This vessel contained a dish of 3 iV- sodium hydroxide 
— the concentration shown by Mitsukuri (Sci. Rep. Tohoku Imp . 
Univ., 1929, 18, 245) to be the most efficient in absorbing traces of 
acid fumes. In the potassium chloride experiments, all the tubes 
and vessels contained M /10-potassium chloride (that in G and T t 
being saturated with calomel) . In the potassium chromate experi- 
ments, T 2 , T 3 , and G contained M/10 -potassium chromate, whilst 
saturated potassium chloride was used in V ; some care was necessary 
to exclude traces of chloride from G, or low values were obtained. 


Fig. 1. 



All the tubes and the vessel V were filled before shutting up the 
outer vessel, but the liquid was only introduced into G through a 
vertical tube at the start of the experiment proper ; the depth of the 
liquid was 1*8 cm. and the bottom of the tubulus was about 1 cm. 
above the metal. 

The arrangement for measuring the potential is shown in Fig. 2. 
It depends on the principle employed by May (loc. tit .), modified to 
give increased sensitivity; the valve employed was Mullard No. 
PM 252. When the switch $ is in position (a), the grid bias is 4*5 
volts, and a small current flows through the anode circuit and causes 
a fall of potential over the resistance R v producing a deflexion to 
right or left on the detector G \ the potentiometer resistance P x is 
adjusted until this deflexion vanishes. A movement of the switch S 
into position (b) brings the E.M.F. to be measured into the grid 
circuit, and by altering the grid bias, causes again a deflexion on G. 
The potentiometer resistance P 2 is then moved until the deflexion on 
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6 is again zero, which will clearly be the case when the potential drop 
on P 2 is exactly equal and opposite to the E.M.F . to be measured ; 
this value can then be read directly on the voltmeter V . Practically 
no current passes through the experimental cell, even when the 
apparatus is out of adjustment. The use of the shunt resistance 
B 2 and the series resistance R z was necessary to obtain the required 
fine adjustment. 

Fig. 2. 



A list of experiments performed is shown in Table I, together with 
the general form of the curves, and the value of the (hydrogen scale) 
potential after 2 hours (it was usually fairly constant after this time) ; 
the temperature was 15°. Some of the curves are shown graphically 
in Pigs. 3 and 4. The time scale of the two diagrams is different, and 
on Pig. 4 it has been necessary to omit some of the early points, but 
these all lie on the curves. The potentials are expressed on the 
normal hydrogen scale, and the times measured from the moment of 
introduction of liquid. The measurements were usually continued 
for 3 hours. Table I shows that after 2 hours the values reached in 
duplicate experiments were generally much the same, but there was 
often rather more discrepancy between the earlier parts of the curves, 
where the potential was fluctuating in an irregular manner. 

The Significance of the Potential of Film-covered Metal . — The 
potential of a metal covered with a discontinuous oxide film will in 
general be intermediate between the values given by uncoated metal 
and by solid oxide ; the more porous the film is, the nearer will the 
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potential be to the value for uncoated metal (W. J. Muller, Monatsh 
1929, 52, 221; Evans, J., 1929, 104). With a highly porous film, 

Fig. 3. 




the resistance of the short-circuited cell, metal | electrolyte | oxide, 
will generally he low, and the minute local currents that pass between 
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the oxide skin as cathode and any accessible metal as anode will be 
regulated by polarisation, and particularly by the amount of dissolved 
oxygen (depolariser) reaching the oxide skin. In general, we may 
expect the potential at the oxide (cathodic) surface to descend with 
current flowing until it nearly meets the anodic potential, as indicated 
in Fig. 5(a ) ; the slight difference of potential remaining when the 
“ rest-strom 55 is passing is that needed to force tins weak current 
through the small ohmic resistance of the circuit. In some cases the 
anode potential may rise to meet the cathodic potential, as in Fig. 
5(d). 

Fig. 5. 



- Measured 
Potential of 
Specimen 


(d) 


Potential Drop 
over' Pores 


Current between Skin and Metal - 


Current - 



In order to obtain some idea as to whether this is a true picture of 
the process, an experiment was performed in which, instead of a 
porous oxide film, a coat of a “ noble ” metal pierced by a hole was 
used. A sheet of iron was ground, and covered with a pierced sheet 
of copper, which was insulated from it with paraffin wax ; the whole 
was covered with M /10-potassium chloride. The potentials were 
measured against two calomel electrodes, the tips of the two tubuli 
being almost in contact with the two metallic surfaces. Whilst 
electrically insulated, the two metals showed very different potentials 
(+ 0*083 volt for copper and — 0*102 volt for iron) ; but when put 
into electrical contact, the copper potential fell whilst the iron 
potential rose, so that the whole bi-metallic specimen became 


M 
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practically equipotential, the value being + 0*048 volt at the copper 
surface and + 0*043 volt at the iron. Other experiments confirmed 
this ; the time needed for the mutual approach of the two values 
varied considerably with the conditions. 

The value of the C£ compromise ” potential reached by a bi-metallic 
system depends on the relative areas of the two metals. An iron 
sheet was inserted vertically in M /10-potassium chloride, and the tip 
of a narrow copper strip was allowed just to touch the liquid. The 
potential of the iron was — 0*317 volt and of the copper + 0*098 
volt; they were joined, and the copper potential at once fell to 
— 0*322 volt, the value then shown also by the iron. Here the 
anodic area is large compared with the cathodic area, and only the 
cathodic polarisation is important. The conditions were then 
reversed by using a copper sheet and the tip of a narrow iron strip. 
Here the potentials were — 0*217 volt for the iron and + 0*118 volt 
for the copper before the connexion; after short-circuiting, the 
values moved to — 0*092 volt for the iron and + 0*048 volt for the 
copper, whilst 6 minutes later the values were respectively — 0*057 
and — 0*037 volt — a difference of only 20 millivolts. 

It has often been assumed that the potential exhibited by a bi- 
metallic specimen is that of the more reactive metal present ; but 
this is only true provided that, in the short-circuited cell produced, 
(a) the cathodic greatly exceeds the anodic polarisation, and (6) the 
resistance is negligible ; under such conditions, the cathodic potential 
will drop almost to the original anodic value. When the anodic area 
is very small, the rise in the anode potential, as measured, is quite 
considerable ; it is uncertain whether this measured rise is due to a 
real anodic polarisation or to the fact that, when the anodic area is 
a mere point, a considerable fraction of the ohmic resistance of the 
circuit falls between the tubulus and the metal, thus causing an 
4 4 apparent anodic polarisation.” In either case the “ compromise ” 
potential is not equal to the unpolarised potential of the reactive 
constituent. 

Previous work (Evans, J. Inst. Metals , 1928, 40, 121) has shown 
that when the zinc layer of zinc-covered iron is removed gradually 
with acid, the potential rises as the area of exposed iron increases ; 
any value between the potential of zinc and the potential of iron is 
possible for the system. Similarly, when a metal is covered with a 
porous oxide film, it may show any value between the potentials of 
the clean metal and the solid oxide. If the oxide film is highly 
discontinuous, the potential measured will be practically that of 
film-free metal [Fig. 5(a)]. If the cracks in the skin are extremely 
small, the measured potential will be higher; this is pictured in 
Fig. 5(d) on the assumption that a true anodic polarisation contri- 
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butes to the rise in the compromise value, and in Fig. 5(c) on the 
assumption that the elevation in the measured potential is simply 
due to the high resistance imposed by the narrowness of the pores. 
If, when this stage has been reached, the breakdown extends from the 
original weak points, the potential will fall, first rapidly and then 
more slowly, as the conditions approach the limiting case pictured 
in Fig. 5(a ) ; the shutting off of oxygen by secondary corrosion product 
(e.g., rust) will contribute to the fall. Conversely, if repairing 
influences prevail, causing the pores to become narrower or less 
frequent, or rendering the film thicker, the measured potential will 
rise. The limiting case where the pores vanish and the potential 
becomes equal to that of a “ solid 55 oxide electrode may not often be 
reached in practice ; Fig. 5(d) suggests the state of affairs just before 
the pores vanish. 

The potential of the metal just after immersion is of special interest. 
It has been shown by independent methods (Freundlich, Patscheke, 
and Zocher, Z. physikal. Ghem ., 1927, 128, 321; 130, 289; Evans, 
J., 1927, 1029) that, in dry air, oxidation of iron commences very 
rapidly; but since interference colours never appear, even after 
months, it is evident that the film must quickly become impenetrable 
to oxygen molecules. If therefore the solution contains nothing 
more penetrating than oxygen molecules, it should show the oxygen 
potential, at least at the moment of immersion. Experiments 1 and 
3 (Fig. 3) show clearly that, on chromium -free iron, even the initial 
potential is a comparatively low one. Evidently, the solution con- 
tains some constituents more penetrating than oxygen molecules ; in 
the chloride solution, these are no doubt the chlorine ions, which will 
enter pores in the skin inaccessible to oxygen, and allow anodic 
attack on the metallic iron, generating ferrous chloride, the corre- 
sponding amount of potassium hydroxide being formed at the 
cathodic (oxide) surface outside. The ferrous chloride and potass- 
ium hydroxide will interact to give hydroxides of iron. If the pores 
are very small (approaching molecular size), the iron hydroxide will 
be produced at the mouth of the pores practically in contact with 
the iron, and may easily help to heal the defects in the original skin ; 
thus, in some of the iron alloys where the potential is high at first, 
the potential actually rises (see Fig. 4, Expt. 28). Where the cracks 
are considerable at first, however, the iron hydroxide will generally 
be precipitated at a sensible distance as a loose membrane, which will 
not be protective ; indeed, it may actually stimulate the attack by 
excluding oxygen. Thus in most of the irons and steels which show 
low initial potentials, the potential drops with the time (see Fig. 3 > 
Expts. 1 and 3). 

It will be noticed that chromium -free iron and steel, which show 
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falling potentials in chloride solution, show rising potentials in 
chromate solution (Expts. 8 and 9) ; here the most penetrating anion 
present will be the hydroxy! ion, and any anodic attack must lead to 
the production of ferrous hydroxide, which will be oxidised immedi- 
ately to ferric hydroxide. Thus a sparingly soluble substance is 
formed actually in contact with the metal, which will tend to repair 
the damage, however extensive it may beat the moment of immersion. 
This explains the rise of potential with time. If chlorides are 
present as well as chromates (Expts. 5 and 7), the initial potential is 
much the same as with chromate alone, but it falls with time, instead 
of rising, soon dropping to a value similar to that given by chloride 
solution free from chromate. But, whereas a second fall occurs after 
about an hour in pure chloride solution, this is prevented by the 
presence of chromates, so that a higher final value is obtained. 

It will be noticed that the role assigned to chromate, and also to 
dissolved oxygen, is not to act directly on the exposed metal; it is 
highly unlikely that either type of molecule could enter pores 
inaccessible to gaseous oxygen. Their function seems to be to act 
as cathodic depolarisers at the external surface of the film, thus 
maintaining the current and causing a flow of anions (CT or OH') 
into the pores, which will produce either repair or extension of the 
damage, according to circumstances. 

Comparison of the Curves given by Different Materials in M/10- 
Potassium Chloride . — The ferrous materials may be divided into 
three classes : 

I. Pure irons and carbon steels, with ©r without copper, which are 
rusted freely by “ordinary waters.” 

II. “ Stainless ” irons or steels, with about 13% of chromium, 
which are not rusted by ordinary waters. 

III. High-chromium alloys, which resist many chemicals that 
attack Class II. 

It is noteworthy that all the materials of Class I show rather low 
initial potentials, and the curves fall rapidly, finally reaching values 
below — 0*4 volt. Those of Class II show higher initial potentials, 
but fall to final values of about — 0*2 volt. The resistance alloys of 
Class III show distinctly higher values, and, in spite of some irre- 
gularities in the early stages— doubtless due to local breakdown and 
subsequent repair— maintain these well. It would seem that, on 
alloys rich in ^chromium, the skin fonned by the direct action of air 
can protect the material from the moment it enters the liquid. A 
comparison between Expts. 26 and 27-28 seems to suggest that 
molybdenum further improves the quality of the skin, although the 
two alloys involved have not quite the same chromium content; 
this accords with measurements of corrosion velocity by Rohn 
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(Z. Metallic ., 1926, 18 , 387) and Endo (Sci. Rep. Tdhohu Imp. Univ., 

1928. 17 . 1 , 1251). 

It was noticed that, in general, those steels which attained a final 
value above about 0*0 volt gave no rust at the end of 3 hours, 
whilst those which showed negative potentials produced rust; 
the “ stainless ” steels with potentials about — 0-2 volt yielded 
far less rust than the chromium -free steels with potentials about 
— 04 volt. 

Expts. 12 and 13 (Fig. 4) show that the copper steel (K 1) gives the 
same type of curve as the ordinary carbon steel low in copper, and 
although the values in the middle stages appear to be somewhat 
higher, the final values are about the same. Two comparative 
experiments with K 1 and K 2 steels (respectively high and low in 
copper) yielded the same potential after one week ; at this time, even 
removal of the rust and renewal of the liquid only produced a 
temporary rise in the potential, which at once began to fall again. 
This accords with the general belief that copper does not directly 
increase the resistance of steel towards chloride solutions under 
(( immersed ” conditions. Copper steels do not belong to the same 
class as chromium steels, and are not to be regarded as non-rusting 
or even slow-rusting materials ; it is probable that the difference of 
behaviour of high-copper and low-copper steels shown in atmospheric 
tests in America (Proc.Amer. Soc. Test. Mat . , 1928, 28 , 1 , 151) is due 
to secondary changes in the rust after its formation, or to rede- 
position of copper, as indicated by the work of Carius and Schulz 
(Mitt, am dem Forschungs-Inst. der Vereinigte Stahlwerke A. <?., 

1929. 1, 177). 

All the materials of Class I show (a) an initial rapid drop, followed 
by (b) an arrest, (c) a further drop to (d) a final constant value. The 
second drop (c), well shown in Expts. 1, 12, and 13 (Fig. 4), was per- 
haps due to the formation at this stage of a definite precipitate of 
ferric hydroxide which settles on the metal, and definitely shuts 
out oxygen from certain parts (in the early stages, there is only a 
colloidal suspension). 

The effect of a second phase in favouring a breakdown is well 
brought out. The curves for steel H 28 descend more rapidly than 
those for electrolytic iron E 28, although the final value is not very 
different ; this had been noticed for vertical specimens, and accords 
with the fact— established by laboratory and field tests — that the 
rusting of electrolytic iron develops less quickly than that of steel, 
although when once started it proceeds quite readily. Likewise, the 
curve for stainless iron with 0*09% of carbon stands above that for 
cutlery stainless steel With 6*27% ; this agrees with the superior 
resistance to corrosion of the former material. Under comparable 
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surface conditions, the homogeneous (austenitic) alloys yield higher 
curves than the duplex (hardenable) materials. 

It is well known that a smooth or polished surface often remains 
passive where a rough surface is corroded. This is entirely in har- 
mony with the exceptionally high value given by polished “ Stay- 
brite 5J — as compared with other surface treatments. Similarly, the 
curves yielded by electrolytic iron when prepared by abrasion on the 
wheel show a far more rapid descent than when prepared with French 
emery No. 1, whilst “ Two-score 55 also gives lower values when 
prepared on the wheel alone than when afterwards finished with 
French emery No. 1. A comparison of Expts. 29 — 32 with 33 — 36 
indicates that the latter finish develops a more resistant film than a 
wire-brushed surface. 

A comparison of the potentials obtained with “ Staybrite ” after 
various preliminary treatments (Expts. 29 — 37) has some interest. 
Owing to the difficulty of reproducing 4 4 abrasive conditions 55 with 
this material, a 10 cm. square plate of the material was uniformly 
wire-brushed, and cut into four quarters, one being used in each of 
the four experiments 29 — 32; another sheet was subjected to the 
“ sequence ” of abrasive treatments, and its four quarters were used 
in Expts. 33 — 36. The curves obtained accorded generally with the 
known facts that (1) annealing at 500 — 900° lowers the resistance by 
causing the precipitation of a second phase, and possibly by pro- 
ducing a thick oxide film, which is visible, easily removed, and there- 
fore non-protective ; (2) pre-treatment with nitric acid raises the 
resistance of alloys of this class (Hatfield, J. Iron Steel Inst., 1923, 
108 , 123). It should be noticed, however, that the rise of potential 
after nitric acid treatment, although marked for “ Staybrite ” both 
on wire-brushed and <c sequence-finished ” specimens, is not obtained 
with stainless steel finished on the coarse wheel (Expts. 18 — 21). 
The unexpectedly high value found in Expt. 35 was probably due to 
the fact that the thick oxide film was very easily removed from the 
specimen, and left a surface much smoother than the originally 
abraded surface. 

The curves obtained with aluminium all lie very close together, in 
spite of differences of purity and abrasion. Although there is a slight 
tendency to rise in the case of the less pure variety, all the curves are 
nearly horizontal, in contrast with those previously obtained with 
specimens placed vertically, which rose rapidly (J., 1929, 106). In 
the case of the latter specimens, the early attack was practically 
confined to the water-line and, cut edges, and the aluminium hydr- 
oxide was evidently precipitated at the mouth of the pores in close 
contact with the metal, since it gave fine rings of interference colours ; 
any hydroxide thus precipitated would, tend to heal up the weak 
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spots in the skin, accounting for the marked rise in potential. In the 
new experiments, where the water-line and cut edges are excluded, 
this action is evidently much slower, especially with the highly pure 
variety, and the potential is nearly constant. 

Evidently the observed potential does not indicate the rate of 
corrosion ; steel and aluminium give almost the same final potentials, 
and yet the steel is far more quickly corroded. When the shape of 
the potential-time curve is considered along with the “ normal 
electrode potential ” of the metal, however, the inf ormation obtained 
is consistent with the results of corrosion-velocity measurements and, 
indeed, more extensive. For steel shows at first a comparatively 
high value, which soon sinks to a value probably representing the 
potential of unprotected metal ; but the potential measured for 
aluminium is always far above the theoretical value for this metal 
without a protective film, and tends to rise rather than fall with the 
time. 

Composition of the Protective Oxide Film ,— In previous work 
(Evans, J., 1927, 1020 ; Evans and Stockdale, J., 1929, 2651) it was 
shown definitely that the protective oxide film, after separation from 
passive iron, consisted of ferric oxide (or perhaps, in part, hydroxide) 
with some metallic inclusions. Bancroft, however, has written 
(private communication, July 3rd, 1927) that fc electromotive-force 
measurements preclude the possibility of the film being Fe 2 0 3 . If 
one postulates that the film consists of an unstable, higher oxide, 
adsorbed by iron, the higher oxide would break down to Fe 2 0 3 as 
soon as you dissolve off the stabilizing iron backing.” He urges that 
the film, as analysed, has not the composition of the film as actually 
present on the passive iron. Similar views have been expressed by 
Hale ( J , Physical Chem 1929, 33, 1637). 

Undoubtedly, iron rendered passive by anodic treatment has at 
first a high potential, due to the oxygen supercharge, which may be 
present as an unstable higher oxide ; hut Smits ( ce Theory of Allo- 
tropy,” p. 351, Longmans Green and Co., 1922) has found that, on 
standing, the potential sinks with a marked arrest at about + 0*54 
volt (hydrogen scale) ; presumably, if the original high value is due 
to a higher oxide, the arrest represents ferric oxide. Since the iron is 
still passive during the arrest, it would seem that a higher oxide is 
not necessary for passivity. 

However this may be, it is clear from Table I and Fig. 3 that iron 
rendered passive in potassium chromate never reaches the high 
potentials referred to by Bancroft, Indeed, higher values than this 
were obtained in some experiments where crystals of natural 
haematite or even magnetite were used instead of a metallic speci- 
men. Not too much importance should be attached to these measure- 
3a 
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merits, since the crystal could not be wholly immersed, and the 
measurements of the haematite varied from end to end, possibly 
owing to the zonal variation of oxygen content described by Sosman 
and Hostetter (Trans. Amer. Inst. Min. Met. Eng., 1917, 58, 409, 
434). Actually the work of these authors, and. also that of Smits and 
Bijvoet (Proc. K. Akad. Wetensch. Amsterdam, 1919, 21, 386), 
Pfeil (J. Iron and Steel Inst., 1929, 119, 501), and others has shown 
that ferric oxide is merely a member of a range of solid solutions. 
Numerous observations make it doubtful whether the electrode 
potential can be used — as claimed by Bancroft — to estimate the 
oxygen content of a solid phase, and the method is particularly 
unsatisfactory when the phase is an oxide film backed by metal, 
which is probably not inaccessible to the liquid. But if Bancroft 
is justified in accepting the potential as evidence, it would seem that 
the oxide present on iron rendered passive by simple exposure to 
chromate or air has not a higher oxygen content than is represented 
by the formula Fe 2 0 3 . 

Summary . 

A new method has been worked out for obtaining potential-time 
curves, and has been applied in a study of the behaviour of iron, iron 
alloys and aluminium, after various abrasive, chemical and thermal 
treatments, in chloride and chromate solutions. The results given 
correspond to the behaviour of the film, a rising potential indicating 
that weak points are being repaired, and a falling potential that the 
breakdown is extending. A high final potential indicates immunity 
from attack, a middle value slight rusting, and a low value profuse 
rusting. Treatments known to increase the resistance to attack 
raise the potential, and those favouring corrosion lower the potential. 
The character of the curves probably indicates the “liability to 
corrosion 55 rather than the velocity of corrosion when fully developed, 
and gives information regarding the protective character of the skin, 
which velocity measurements cannot afford. 

We wish to acknowledge the generosity of the Salters 5 Institute 
of Industrial Chemistry which has enabled this work to be carried 
out. We are also indebted to Dr. W. A. Wooster for the loan of the 
haematite crystals. 
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CLXXVIII . — The Mechanism of, and Constitutional 
Factors controlling, the Hydrolysis of Carboxylic 
Esters . Part III . The Calculation of Molecular 

Dimensions from Hydrolytic Stability Maxima . 

By Christopher Kelk Incold. 

An important consequence, implicit in the results of modem work 
on homogeneous catalysis, is the removal, at least for catalysis by 
acids and bases, of the barrier between the conceptions which formerly 
were often applied on the one hand to catalysed reactions and on the 
other to reactions independent of catalysis : since the velocity of a 
catalysed reaction is affected by the catalyst according to the same 
laws as those which would apply to an ordinary reactant, it is clearly 
advantageous to regard the catalyst as occupying the status of an 
ordinary reactant, for example, in Bronsted’s theory of reaction- 
dynamics (Z. physikal. Chem., 1922, 102 , 169). On this view, a 
reaction becomes a catalysed reaction when, of the various ways in 
which the critical complex might decompose, that in which it 
actually decomposes leads to the formation, as one product, of a 
substance identical with one of the reactants. Having regard both 
to modern views on the dynamics of reactions in solution, and to 
recent work on homogeneously catalysed reactions, the formation of 
a critical complex between an ester group and a catalyst may, with- 
out inevitable commitment to any precise constitutional inference, 
justifiably be regarded as the initial process in the hydrolysis of a 
carboxylic ester. 

Any general discussion of the factors controlling the speed of 
hydrolysis of an ester by a catalyst must include consideration of 
(a) statistical requirements, ( b ) polar influences, (c) steric factors, 
and ( d ) effects due to the medium. 

(a) Statistical Requirements . — Count must be taken of statistical 
requirements when either the ester or the catalyst has alternative 
seats of reaction, but discussion will here be restricted to cases in 
which the existence of alternative reactions is due solely to the 
constitution of the ester. 

The formulation of statistical effects on the relative rates of the 
successive stages in the hydrolysis of a polycarboxylic ester by a 
single catalyst at constant temperature may be effected by consider- 
ation of a compound with s ester groups so situated that the hydro- 
lysis of each proceeds independently of the others. In general, the 
probability that a catalyst molecule or ion will form a complex with 
a particular ester group will, for constitutional reasons, be different 
for each ester group. Let v g be the catalytic coefficient for the 
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partial reaction consisting of the hydrolysis of the gth group in the 
first stage of hydrolysis, and let h n be the total catalytic coefficient 
for the nth. stage. Then k t = ^v g , where the summation extends 
from 1 to s. In order to calculate h 2 , two points must be noted ; the 
first is that, since the fraction of the total quantity of ester which 
passes on to the second stage of hydrolysis through the grfch first-stage 
product is v g [Zv g , the contribution to k 2 made by the hydrolysis of 
the hih ester group in this product is VgV h j'Zv g \ the second is that 
the s first-stage products yield s(s — l)/2 second-stage products, 
each of the latter being formed from two of the former. It follows 
that = 2 'ZVgVh/'Zvg, where the summations extend from 1 to s as 
before, except that h is excluded from identity with g. Generalising, 
it is seen that each of the s G n products of the nth stage of hydrolysis 

S S S' 

is formed in Tiways, and that Jc n = nZv in) j where Hv (n) is the 
sum of all the products of n different v’s } so that, in particular 

s s 

Ev (1) -===■ Hv g , and Et? (0) == 1,' The statistical relation between the 
velocities of any two stages is therefore 

hjn nb!iV im) . 

~V~ s s .... (l) 

* 7lZv {n) . 

In the special case of a dicarboxylic ester, for which 5 = 2, m — 1, 
and n = 2, equation (1) becomes 

hlh = ( v i + Vi) 2 I2vi» 2 • • • • • • ( 2 ) 

Furthermore, if the dicarboxylic ester is symmetrically constituted, 
so that v ± = v 2 , this equation reduces to 

: JcJJcz = 2 . . . .... (3) 

The application of equations (2) and (3) may be illustrated by 
reference to data by J. Meyer (Z. physical. Chem., 1909, 66, 81) for 
the acid hydrolysis of five dicarboxylic esters (Table I).* In the 
case of methyl camphorate v 1 and v 2 were independently determined 
by direct observation on the isomeric methyl hydrogen camphorates. 

Table I. 


w ,■ V 1 V 2 Jc i key kjk 2 

Hydrolyte. Temp. X 10®. XlO 5 . X10 3 .. x 10 s . (calc.). 

Methyl succinate 25° — — * . 2-40 121 1-U8 2*00 

Ethyl succinate „ — — 2-30 121 1*90 2*60 

Methyl d-tartrate „ — — - 1-24 62 2*00 2*00 

Ethyl d-tartrate ...... „ — — 1*40 68 2*06 2*00 

Methyl d-cainphorate 45 1*54 3*1 1*50 6*1 24*6 25*9 


Meyer was the first empirically to observe that the ratios kjk 2 
for the two-stage acid hydrolysis of symmetrical dicarboxylic esters 
* As to units, see footnote in Part- 1 {this vol., p. 1032). 
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are often closely grouped about the value 2. W egscheider ( Monatsh . , 
1915, 36, 471) discussed the dynamical significance of this relation, 
noting especially that it is a peculiarity of the value 2 that the 
complete reaction may be represented by an integrated equation of 
one of the simple forms applicable to a single-stage process. Meyer’s 
result shows clearly that, when carbomethoxyl or carbethoxyl 
groups are separated by a saturated chain of at least two carbon 
atoms, the speed of hydrolysis of each group is very nearly inde- 
pendent of the state of hydrolysis of the other ; but this approxim- 
ation would he expected to hold less exactly for malonic and oxalic 
esters and for completely conjugated unsaturated esters (e.g., 
fumaric, phthalic) owing to the intramolecular transmission of polar 
effects; and departures are also to be expected amongst esters of 
higher alcohols, and compounds with endocyclic ester groups (e.g., 
adipodilactone) owing to spatial influences. Since later workers 
have usually side-stepped the accurate determination of the 
coefficients for the consecutive stages by regarding a more or less 
imperfect conformity with Wegscheiders simplified formulae as 
sufficient indication that k 1 jk 2 is in the neighbourhood of 2, it is not 
yet known to what degree of approximation Meyer’s result is 
applicable to the classes of esters mentioned. There are indications 
(Palomaa, Ann. Acad. Scient. Fennicce, 1917, A> 10, No. 16; Skrabal, 
Monatsh ., 1917, 38, 29) that it is at least approximately applicable 
to oxalic and malonic esters as well as to their higher normal 
homologues. ... . ' : 

Meyer noticed [Z. physihal. Chem ., 1909, 67, 257) that equation (3) 
does not even roughly represent thealkaiine hydrolysis of symmetrical 
dicarboxylic esters, and, indeed, this is apparent from the still earlier 
work of Knoblauch (ibid., 1898, 26, 96), whose coefficients for ethyl 
succinate bear the ratio 9-4, and of Goldschmidt and Scholz (Ber., 
1903, 26, 1333), whose values for ethyl malonate give the ratio 88. 
Meyer remarked that this notable difference between acid and 
alkaline hydrolysis is probably connected with the fact that in the 
latter case the ester which undergoes the second stage of the reaction 
is an ion. • - 

(b) Polar Effects . — Influences arising from the polar character- 
istics of the ester and catalyst may be propagated to thereat of 
reaction both externally (through the medium-filled space) or 
internally (through the linkings), and in both cases an ionic centre, 
if present, will dominate the situation. In the commonly employed 
ionic catalysts the pole itself is the reactive centre, but in esters 
which are also ions the pole is necessarily separated from the seat 
of reaction,; and it is for this case, therefore, that the ^roympiiori 
of the effect of the pole requires consideration. Furthermore, 



1378 rNGOLD : mechanism of, and constitutional factors 


internally propagated polar effects become very small after trans- 
mission through more than two single linkings (Gane and Ingold, 
J., 1929, 1692, and cited references) : it is therefore evident that a 
large class of cases must exist in which the externally propagated 
polar effect is for practical purposes the sole polar influence. 

A basis for the calculation of the externally propagated effect is 
available in several well-known theoretical investigations — e.g., 
Langevin’s calculations relating to a paramagnetic gas, Debye and 
Huckel’s treatment of the effect of interionic attraction on the 
activity of strong electrolytes, and especially Bjerrum’s investigation 
of the problem presented by the strengths of polybasic acids — the 
common feature of all of which is the employment of Boltzmann’s 
law. Consider two esters which are identical in all respects, except 
that, in some position X, the second ester has a univalent positive or 
negative charge not possessed by the first ester ; and suppose that 
these esters are being hydrolysed at the same temperature by the 
same catalyst, which also possesses a univalent positive or negative 
charge. The catalytic coefficients, h' and k", of the two reactions 
may for the present be assumed (see Section d, however) to be pro- 
portional to the mass-action rates of formation of the corresponding 
critical complexes : 

X . . . . C0 2 R + Z ® — >. X . . . C0 2 ZR© . . (I) 

©X . . . C0 2 R + Z © — > ©X . . . C0 2 ZR® . . (II) 

The external molecular electric field of the first ester will render the 
local concentration of Z© in the neighbourhood of the ester group 
different from its macrochemical concentration, and this will be one 
of the ways in which the effect exerted by polar influences on the 
rates of hydrolysis of esters (compare Part I, this vol., p. 1032) enters 
into the determination of the velocity coefficient. The external 
electric field of a molecule of the second ester may be regarded as 
equal to that due to an identically placed molecule of the first ester 
flus the radial field of a unit positive charge situated at X. This 
being so, Boltzmann’s theorem shows that the ratio of the local con- 
centration of Z© in reaction (II) to its local concentration in re- 
action (I) is exp(— WN I JET ), where W is the work done against the 
radial field alone when Z® is brought from a great distance to the 
focus of reaction, N is Avogadro’s number, and J is the mechanical 
equivalent of heat. If r is the distance between the unit charge at 
X and the focus of reaction, IF is equal to ± e 2 /er, where e is the 
charge of an electron, s is the dielectric constant of the medium, 
and the upper or lower sign is taken according as the signs of the 
charges on X and Z are like or unlike. With e — 4-774 x 10~ 10 , 
£== 80*0, iT=6-06 X I0 23 , J — 4*19 X 10 7 , R == 1-985, and T = 
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298, the exponent has the value 6*97 x KH/r ; and since the 
ratio of the local concentrations is also the ratio of the rates of 
formation of the critical complexes,* 


k'[Jc " = exp(± 6-97 x 10-8/r) ~ exp(± 7/10 8 -r) . . (4) 

If it is legitimate to assume that in the anion of a partly hydro- 
lysed polycarboxylic ester the external field of each carboxylate ion 
can, at all distances greater than that of the nearest unhydrolysed 
ester group, be represented as the vector sum of that of a similarly 
situated carboxylic ester group and that of a superposed electron, 
equation (4) may be used to take count of the effect, on each stage 
after the first in the alkaline hydrolysis of polycarboxylic esters, of 
externally propagated polar fields : in these reactions the catalyst is 
a negative ion, and each stage of hydrolysis introduces a new negative 
charge into the ester molecule, introduction of the requisite modi- 
fication into equation (1) gives the relation 

Jc m _ rnS{t? (m) p (nC,,) } • 

2 i .... (o) 


where p is written for exp( — 6*97 x lO^/r), p ( » CnJ is the product 
of the n C 2 values of p corresponding with the n C z distances, r, between 
n ester groups taken in pairs, and brackets { } signify that the product 
of each group of ?/s is to be multiplied by the corresponding p -product 
before summation. The equation for the ratio of the velocities of 
the stages of hydrolysis of a dicarboxylic ester is obtained from (5) by 
writing s — 2, m = 1 , and n = 2, and remembering that if n < 2 
then pW, being the product of zero p’s, is unity : 


h 

&2 


(gi + V*) 2 J (Pi + tfr)* ( «w x 10-* 

2 pv x v 2 %v x v 2 P \ r 




For the special case of a symmetrically constituted dicarboxylic ester, 
v x =b v 2 , and equation (6) reduces to 

hJJc 2 = 2/p = 2 exp(6*97 x 10 ~^fr) & 2 exp(7/10 8 r) . . (7) 

Table II contains all the recorded direct measurements of the 
coefficients . characterising the catalysis by hydroxide ions of the 
consecutive stages of hydrolysis of esters of dicarboxylic acids (some 
measurements on hydrolysis in alkaline buffer solutions are also 
available and these are considered in Section d). The data here 
tabulated refer to eleven esters of seven normal dicarboxylic acids. 
The experimental values of h x and Jc 2 are given in cols. 3 and 4, and 
all relate to the temperature 25° except the two indicated by asterisks 
for which the temperature is 22-7°. Cols. 5 and 6 contain the values 
* The activity correction, which is here neglected, is considered in Section (dj. 
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of k^\k 2 , which are seen to be nearly identical for methyl and ethyl 
esters of the same acid. Col. 7 shows the values of the distance, t, 
between the carboxyl groups ( i.e ., between the charge developed on 
one carboxyl group and the focus of reaction at the other) as calcul- 
ated from equation (7). It will be seen (a) that the distances are of 
the right order of magnitude (1—20 A.U.), (b) that they place the 
compounds in the order of the length of the carbon chain, (c) that, 
having regard to the difference of method, they are in fair general 
agreement with the distances obtained by Gane and Ingold for the 
corresponding free acids (J., 1928, 1594) ; these distances are given 
in the last column for comparison. 


Table II. 


Hydrolyte. 

0=M. {5$ r ‘ 

Malonate 

l ethyl 

f methyl 
Succinate \ 

. I ethyl 

G.« 


Suberate 

Azelate 

Sebacate 


I lilC 1 

\ ethyl 
methyl 
methyl 
methvl 


r X 10 8 






(mean). 

rX 10 s 

(cm.). 

Ref. 

*1- 

&2* 


(cm.). 

G. & I. 

4 

ca. I0 6 ca. 

10 2 

10* -1 

(- 10* 

1 


5 

ca. 10 5 ' 5 ca. 

10 15 

10* J 



3 

170 

1-84 

92 



1*5 

(2 

112 

1*27 

88 

- 91 

1*8 

l 3 

136 

1-46 

93 J 




/ 3 

20-5 

2-10 

9-8] 

1 



\ 6 

26-0 

2-80 

9-41 

l 9-7 

4-4 

/ 5-0 

f l 

13*8* 

1-46* 

9-4 | 

\ 4*9f 

\ 3 

16-5 

1-59 

10-4J 

1 



6 

21-6 

3” 16 

6-81 

\ O’ 4 

6-0 

9*2 

6 

10-0 

1-63 

6-1 j 

6 

1-53 

0-49 

3-1 

3-1 

15 

14*5 

6 

1-24 

0-42 

2*95 2*95 

17*5 

17 

6 

1*20 

0-43 

2-8 

2*8 

20 

— 


References : (1) Knoblauch, loc. ciL; (2) Goldschmidt and Scholz, loc. tit. ; 
(3) J. Meyer, Z . physikal. Chem 1909, 67 , 257; (4) Skrabal, Monatsh ., 1917, 
38 , 29 ; (5) Skrabal and Matievic, ibid., 1918, 39 , 765 ; (6) Skrabal and Singer, 
ibid., 1920, 41 , 339. 

t Calculated by Gane and Ingold from data by Auerbach and Smolczek. 

In explanation of the approximate values for the oxalic esters, it 
should be stated that the only directly determined value is k 2 for the 
methyl ester ; for this the value 92 was found, but the time intervals 
were so short that the second figure is not significant . The same ester 
was also hydrolysed in carbonate buffers and from these experiments 
an apparent value of k 2 can be calculated and compared with the 
directly observed value. This comparison then affords the means 
of estimating the true value of k 2 for ethyl oxalate from the apparent 
values derived from similar measurements in buffers. Of the values 
of k x for methyl and for ethyl oxalate, all that can be said is that they 
are of the order of a million and that is about three times as great 
for the methyl as for the ethyl ester. All the other values of k x and 
^ recorded in the table represent direct determinations. 

The preceding calculations neglect the internally propagated effect 
,$t the carboxylate pole, and this is expected to make the calculated 
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distances for oxalic and malonic esters too small; a similar error 
would probably affect completely conjugated unsaturated esters, 
such as maleic, fumaric, phthahc, and terephthalic esters, although 
none of these has as yet been investigated by the direct method 
(compare Section d, however) ; internally propagated effects should 
be entirely negligible in esters higher than succinic esters (Gane and 
Ingold, J., 1928, 1691). Furthermore, the catalytic ion has been 
treated as a point-charge, whereas any actual ion must become 
dipolarised as it approaches the charged ester molecule ; this effect 
is expected to render the calculated distances too large throughout 
the series considered, and solvation, including pole-dipole association, 
is a form of dipolarisation which it would be necessary to envisage in 
any complete discussion of this disturbance. It should also be 
pointed out that no account has explicitly been taken of the circum- 
stance that even in alkaline solution the electrically neutral alkyl 
hydrogen ester must exist as such to a minute extent, and that part 
of the second stage of alkaline hydrolysis of dicarboxylic esters must 
proceed through this form. The error due to this cause is very easy 
to evaluate, but it is entirely negligible in all the cases for which the 
writer has made the appropriate calculation; there is no point, 
therefore, in encumbering the equations with terms intended to 
eliminate this effect. 

(c) Steric Hindrance . — It is necessary now to give attention to the 
circumstance that the whole of the space in the neighbourhood of a 
reacting centre is not free space in the sense envisaged by the kinetic 
theory, on which Boltzmann’s theorem depends ; in short, the effect 
of steric hindrance must be considered. 

A basis for the discussion of this influence is furnished in Part I of 
this series (this vol., p. 1032) in which it was shown that velocities of 
hydrolysis can be represented as a simple function of polarity on the 
assumption that the effect of steric hindrance on the catalytic 
coefficients is expressible as the product of two factors C and S 
respectively dependent on the catalyst alone and the ester alone : if 
p is a catalytic coefficient (it was called k? in Pant I), which is 
corrected in such a way as to be independent of the variability of the 
purely steric influences which affect in different degrees the hydros 
lysis of each of a series of esters by each of a series of catalysts, then 
the uncorrected catalytic coefficient k is equal to GSp. Beverting 
to reactions (I) and (II), and introducing suffixes to indicate the sign 
of Z, the preceding relation shows that 

K = C + S'p' + , kL = CLS'pL, JcL' = CS"pL' t 


and that, consequently, 
3 a2 


t-IK _ p-Ip'- 
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From the foregoing it will be clear that the i-ratio on the left hand 
side of equation (4) should really be a p-ratio, wherefore, having 
regard to equation (8), the equation which takes account of both 
polar and steric influences may be written 

jfjjg-, - exp(T 13-94 X 1< H/r) « exp^M/lOV) . . (9) 

where the upper or lower sign of the exponent is taken according 
as the charge on X is positive or negative in reaction (II). 

In applying equation (9) to the stage-wise hydrolysis of a poly- 
carboxylic ester, the assumption must be made that the space 
occupied by a carboxylate ion is equal to that filled by an undissoci- 
ated carboxyl group, or at least, that it. differs therefrom by a much 
smaller amount than that by which it differs from the space occupied 
by an esterified carboxyl group. Introduction of the appropriate 
modification into equation (5) gives the equation 


hiJK- __ y P w } . wy}. . iv^-u 

k m+ /k n+ £{ v (n) p ( n <7 2 )} . S{^-l) p C«.xC 2 )} # # 2^-1) 


( 10 ) 


For a dicarboxylic ester equation (10) reduces to the simple form 


V/V = v 1 + v 2 +^i- + %-) 2 

k 1+ jk 2+ py 1 _« 2 _(» 1+ + v 2 -) 2 ‘ 


( 11 ) 


The equation for a symmetrically constituted dicarboxylic ester is 
obtained from (11) by equating v’s of like suffix-sign. For hydrolysis 
by hydrogen and hydroxyl ions the equation is 


( (W(%!r = p = exp(6-97 x io_8/r) ~ ex p( 7 / io8r ) 


( 12 ) 


This is the equation from which the values of r given in col. 7 of 
Table II were originally calculated ; but since, to the accuracy with 
which (k 1 ) K j(k 2 ) K is known for the esters of oxalic acid and its normal 
homologues, this ratio has the value 2*0 (Palomaa), the figures are 
identical with those obtained from the simpler, but less theoretically 
defensible, equation (7). 

It is not theoretically necessary that both the stages in the hydro- 
lysis of a dicarboxylic ester should be investigated in order that r may 
be calculated : a suitable study of the second stage of hydrolysis, 
that is, of the hydrolysis of the acid ester only, would enable equation 
(9) to be directly applied. The case of acid esters is strictly compar- 
able with that of amino-esters, and, since both forms represent the 
simplest types of ionogenic esters, they may be considered together. 
It can readily be shown that the curve connecting the velocity of 
hydrolysis of an acid ester with the hydrion concentration should. 
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after effects due to any buffers employed have been eliminated 
(Part II, this vol., p. 1039), correspond to the equation 

* = + |q) + iry'(p + 1 2(K a + [H]) (13) 

Similarly the curve for the hydrolysis of a basic ester should be 
represented by the equation 

* = {^'(™+ [ ^ ] )+^[H]«"(P+^ ] )|^2(Z, c +Z 4 [H]) (14) 

In these equations JT a and K b are the so-called affinity constants of the 
acid and base respectively, and K w is the ionic product for water. 
The four quantities, H f , H", v', and v" 9 are constants which have to 
be determined from the velocity data themselves, and the signific- 
ance of the first two of these is that they are the hydrion concentra- 
tions at which the neutral and charged species respectively would 
show a velocity minimum if conversion into the other form could be 
prevented. Denoting the corresponding p R s by p K ' and p K "> and 
remembering the general relation log (& 0 h/&h) = — 2Ph* — log K w , 
where p K * is the p n of maximal hydrolytic stability, the appropriate 
application of equation (9) gives 

Pb ~ Pb' = ± 3-03 X 10- 8 /r « ± 3/10 8 r . . . (15) 

where the sign must be chosen to correspond with that of the charge 
developed on the ionogenic ester. 

Suitable data for the evaluation of both p R f and p H " by the applic- 
ation of equations (13) and (14) are not yet available, but in the case 
of ethyl aminoacetate data leading to an approximate value for p u " 
are on record ; the figure thus obtained is not very accurate owing to 
the absence of data permitting the elimination of buffer effects. The 
value of pu cannot be similarly obtained, but, in accordance with 
the principles discussed in Part I ( loc . cit.), it may be interpolated 
between the values of p H * for ethyl propionate and ethyl glycollate, 
both of which are accurately known; the probable uncertainty 
attending this procedure is unlikely to be much greater than that 
which relates to the directly measured value of p R " in the absence 
of a correction for buffer effects, and is of the order of 0T p a unit. 
There is a small difference in the temperatures to which p K ' and p H " 
apply, but it is negligible in the circumstances. These data are 
assembled in Table III, and it will be seen that the distance r for 

NH 3 «CH 2 *C0 2 Et is practically the same as for C0 2 ’GH 2 # C0 2 Et 
(1-8 X 10” 8 cm.) ; owing to the structural similarity both values are 
probably subject to the same disturbances. 
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Table III. 

Hydrolyte. Ref. Temp. Ap fi *. r (cm.). 

Ethyl aminoacetate 1 25° 5*3 \ 1 ..« 1.7 v in-s 

Ethyl ammonium acetate ... 2 20 3 5 J 

References: (1) Bolin, Z. anorg. Chem. f 1925, 142, 201; (2) van Dijken, 
Rec. trav . chim,, 1895, 14, 106; Findlay and Hickmans, J., 1909, 95, 1010 ; 
Denshel and Dean, Amer. J . Sci., 1912, 34, 293; 1913, 35, 486; Dean, ibid., 
1913, 35, 605; 1914, 37, 331 ; Taylor, Medd . K. Yetenskapsakad. Nobel-i?ist. r 

1913, 2, No. 34; Palomaa, Ann, Acad. Scient. Fennicce , 1913, A, 4, No. 2; 

1914, A, 5, No. 4; Lamble and Lewis, J., 1914, 105, 2330. 

(d) Effects dm to the Medium. — Consideration has not yet been 
given to possible disturbances due to the medium. The expected 
disturbances are of two kinds. 

(1) The dielectric constant of water containing both electrolytes 
and non-electrolytes will only be approximately equal to that of pure 
water even at the considerable dilutions to which the measurements 
in Table II relate ; the non-eleetrolytic solutes would tend to de- 
crease the constant, whilst the electrolytes might decrease it or 
increase it according to their concentration (Debye). The consider- 
ation of this effect involves no new principle and an appropriate 
correction could readily be introduced if the requisite data were 
available. 

(2) Tor solutions of considerable ionic strength, the relation, 
v = W A Cj j, hitherto used, requires a correction which, according to 
Bronsted (loc. cit.), is represented by / a /b//ab in the equation 
v = W A C B f A f B /f AB . This equation shows that, whilst the simpler 
equation should be valid for the hydrolysis of neutral esters by ions, 
the velocity of ion-catalysed hydrolysis of ionic esters will increase or 
decrease with increasing ionic strength (p.) according as the charges 
on the reactants are like or unlike in sign. In the second stage of the 
hydrolysis of a diearboxylic ester the charges are of like sign, and 
hence the velocity should increase with increasing ionic strength. In 
order to show that this effect is not negligible, Table IV is appended, 
the data in which are taken from Skrabal and Singer’s published 
results. 

Table IV. 

Catalyst. Inert salt. p (initial). k. 
Na 2 CO s — 0*40 1-81 

„ 0-40 N-NaCl 0-80 2-1 j 

NaOH ‘ — 0*004. 2*81 

„ — 0*032 3*4 } 

— 0*040 3-9J 

Now, assuming for the moment that only univalent anions are 
under consideration, the formulas already developed for the ratio, 
obtaining in the two-stage hydrolysis of a diearboxylic ester. 


Hydrolyte. 

NaOsC-COiMe 

Na0 2 C*(CH 2 ) 2 *C0 2 Me 

„ _ ~ 
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show that this ratio should be independent of the nature of the 
catalysing anion, provided that the concentration is so low that the 
ionic-strength disturbance is negligible. This condition is very 
approximately fulfilled in the hydrolysis with sodium hydroxide for 
which the ionic strength is 0-01 or less ; but when buffer solutions are 
employed the ionic strength is usually of the order 0*1— 1*0. In the 
complete hydrolysis of a dicarboxylic ester in alkaline buffers, the 
first stage escapes the ionic-strength effect, but the second stage is 
subject to it, and thus the values of k^jk^ obtained by the use of 
buffers are rendered too low. Against this must be set the circum- 
stance that some small part of the total hydrolysis will undoubtedly 
be effected, not by hydroxide ions, but by the buffer anions them- 
selves, and if these are more than univalent— and carbonate- 
bicarbonate buffers have usually been employed — the higher valency 
will create an effect tending to make k 1 _jk 2 _ too large. The general 
conclusion must, therefore, be that little reliance can be placed on 
anything but the order of magnitude of this ratio when it is deduced 
from experiments with buffers ; nevertheless, in order to complete 
the survey of existing relevant data, the values of the ratio, which are 
deduced from measurements with carbonate-bicarbonate buffers, are 
given in Table V for those esters which have been studied in this way. 
The values of r calculated from equation (7) are in the last column. 
When data become available for the activity coefficients of the 
electrolytes and the catalytic coefficients of the buffer anions, it 
should be possible to correct these values ; in the meantime it is seen 
that, where comparison can be made with r- values based on direct 
determinations of the ft-ratio, the agreement is poor to moderate. A 
clear illustration of the importance of the ionic -strength effect appears 
in the values for methyl d-tartrate and methyl racemate, for the 
hydrolysis of which carbonate-bicarbonate buffers of two concen- 
trations have been employed ; it will be noticed that when -the ionic 
strength at the commencement of reaction is increased from about 
0*05 to about 0*5, the value of falls by 30%'. 

Finally it may be pointed out, first, that since the maleic and 
fumaric esters were hydrolysed by buffers of similar concentration, 
the error in r caused by ionic-strength effects is probably similar in 
both cases, and, secondly, that, although, as explained in Section (6), 
internally transmitted polar effects will make the r- values too small, 
the type of conjugation which gives rise to this result is the same for 
both esters, wherefore the disturbances will probably be nearly the 
same. Since a little further consideration readily shows that the 
necessary corrections, which although unknown are presumed to be 
nearly equal, would be represented by factors, and not differences, it 
follows that the ratio, ffumaric/^maieicj should be subject, certainly to 
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Table V. 

Measurements in buffers. From 

Table II 






r X 10 8 

r X 10 8 

Hydrolyte. 

Ref. 

}x (initial). 

A*l/^2* 

(cm.). 

(cm.). 

Methyl malohate 

1 

0*50 

73 

1*9 

1*8 

Ethyl malonate ...... 

1 

0*50 

67 

2*0 

1*8 

Methyl succinate 

1 

0*45 

4*7 

8*2 

4*4 

Methvl maleate 

3 

0*07 

67 

2*0 

— 

Methyl fumarate 

3 

0*05 

22 

2*9 

— 

Methyl d - tartrate 

{ 1 

0*55 

0*06 

14*7 

19*5 

3*5 

3*1 

— 

Methyl l - tartrate 

4 

0*06 

20 

3*0 

■ — 

Methyl racemate 

{ 1 

0*55 

0*06 

14 

20 

3*6 

3*0 

— 

Methyl m&sotartrate ... 

4 

0*06 

' 28 

' 2*7 

— 


References : (1) Skrabal and Singer ( loc . cit.); (2) idem , Moncttsh., 1919, 
40, 363; (3) Skrabal and Reith, ibid., 1921, 42, 245; (4) Skrabal and Her- 
mann, ibid., 1922, 43, 633. 


less error than are the separate r’s, and probably to a small error only. 
It is seen from the table that this ratio is 145. Now the same ratio 
can readily be calculated from the molecular model on the basis of 
certain assumptions. The assumptions which seem best to conform 
to existing knowledge of the structures and reactions involved are 
as follows : (1) The distance between the centres of singly linked 
carbon atoms is 1*52 A.U., that is, the value obtaining both for the 
diamond and for the distance between nuclear and side-chain carbon 
atoms in hexamethylbenzene. (2) The distance between the centres 
of doubly linked carbon atoms is 1*35 A.U., this value being adopted 
on the ground that the aromatic ortho-distance given by X-ray 
measurements on graphite and hexamethylbenzene probably 
approximates to the mean of the distances characteristic of singly 
and doubly linked atoms. (3) Since the carboxyl group is a sym- 
metrical prototropic system, the charge is symmetrically distributed 
in the carboxylate ion, and its centre of gravity is therefore at the 
bisection of the line joining the centres of the oxygen atoms, that is, 
about 0*7 A.U. from the carbon centre in line with the carbon-carbon 
bond. (4) In alkaline hydrolysis the attack is at the surface of the 
carbon atom, the mean focus being about 0*7 A.U. from the carbon 
centre in line with the carbon-carbon bond. (5) The angle between 
the directions of the single linkings of an ethenoid carbon atom is 120° 
(compare Beesley, Ingold, and Thorpe, J., 1915, 107, 1080). On the 
basis of these assumptions, the ratio rfamario/^maieic should be 147, 
and almost any reasonable modification of them leads to values 
between 14 and 1*5. 

The Univebsity, Leeds. [Received, April 24^, 1930.] 
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CLXXIX . — Conversion of Hydroaromatic into Aromatic 
Compounds . Part IV. The Influence of the Nitro* 
group in N itrophenyld ihydroresorcinols. 

By Leonard Eric Hinkel and John Frederick James Dippy. 

5-m-Nitro- and 5-p -nitro-phenyldihydroresorcinols exhibit properties 
in common with all dihydroresorcinols, but show a marked difference 
in their action with the chlorides of phosphorus. 

Neither of the nitrophenyldihydroresorcinols reacts with phos- 
phorus trichloride in the usual manner, whereas alkyl- and aryl- 
substituted dihydroresorcinols yield the corresponding chloro- 
ketone derivatives with both phosphorus trichloride and phosphorus 
oxychloride (Crossley and Haas, J., 1903, 83, 494; Crossley and 
Le Sueur, ibid., p. 110; Crossley and Pratt, J., 1Q15, 107, 191; 
Boyd, Clifford, and Probert, J., 1920, 117, 1383). 

Phosphorus oxychloride is without action upon m-nitrophenyl- 
dihydroresorcinol, but yields with the p-nitro-compound a small 
amount of 3 : 5-dichloro-l-p-7iitropJienyl-k 2 • ^-cyclohexadiene. 

Phosphorus pentachloride acts upon m-nitrophenyldihydro- 
resorcinol to give 3 : 5-dicMoro-l-m-nitrophenyl-/\ 2 : ^-oyclohexadiene 
together with a small quantity of 3 : o-dichloro-Z' -nitrodiphenyl. 
In order to effect reaction four molecular proportions of the penta- 
chloride are required instead of the usual two. 

The low reactivity of the nitrophenyldihydroresorcinols towards 
the chlorides of phosphorus may be attributed to the recognised 
electron-affinity of the nitro-group, since, in any hydroxyl compound, 
intramolecular electron-attraction (a) must oppose the separation 
of hydroxyl (6), just as it assists the separation of hydrogen (c) : 

(a) 

■<— C~~“0 _ — H (Allan, Oxford, Robinson, and Smith, J., 1926, 405). 

The powerful electron-affinity of the nitro-group is also shown 
by the great readiness with which the nitrobenzaldehydes condense 
with acetone : our preparative work has convinced us that the 
order of facility of the condensation of benzaldehydes with acetone 
is m- and p-nitro- ^ > methoxy- and chloro- > unsubstituted benzalde- 
hyde. The position of the nitro-compounds in this sequence is 
again attributable to the electron-affinity of the nitrophenyl group, 
since the accepted theory of the aldol reaction involves in its 
application to the present cases the addition of an anion to aromatic 
carbonyl carbon. 

The effect of the nitrophenyl group upon the properties of the 
dichlorohexadienes shows no very marked difference from that of 
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the phenyl group. The chlorination of 3 : 5-diehloro-l-m-nitro- 
phenylcycfohexadiene yields 3 : o-chchloro-S'-nitrodiphenyl and 
2 : 3 : 5( ? ) - lrichbro-Z' - niirod iphe nyl (compare Hinkel and Hey, 
J., 1928, 2786). However, in contrast with the case of the phenyl 
compound, where trichlorodiphenyl is formed with excess of chlorine 
in hot solution, the formation of the trichloro-3'-nitrodiphenyl is 
favoured at low temperature. 

The constitution of 3 : o-dichloro-3'-nitrodiphenyl has been 
established by reduction to the amino-derivative and oxidation 
of this to 3 : 5-dichlorobenzoic acid. 

Experimental. 

m -Nitrcbenzylideneacetone. — The method described by Baeyer 
and Becker (Ber., 1883, 16, 1969) has been so modified as to need 
redescription. 0*liV T -Sodium hydroxide (150 c.c.) was added below 
0° to a solution of m-nitrobenzaldehyde (30 g.) in acetone (300 c.c.) 
and the mixture was shaken for 20 min utes, slightly acidified, and 
evaporated. The orange-coloured liquid residue (probably the 
aldol intermediate compound) was heated for \ hour at 100° with 
concentrated hydrochloric acid (0*5 c.c.) : from a hot alcoholic 
Solution of the dehydrated product, on cooling, m-nitrobenzylidene- 
acetone separated in pale yellow needles (25 g.), m. p. 102° (Vor- 
lander, Annalen , 1897, 294, 291, records m. p. 96°) (Found : C, 
62*3; H, 4*7. Calc. : C, 62*8; H, 4*7%). 

5 - m - N itrophenyldihydroresarcinol . — By condensing m - nitro - 
benzylideneacetone with ethyl malonate by Vorlander’s method 
(toe. cit. ), ethyl m-nitrophenyldihydroresorcylate was obtained, 
m. p. 169° (decomp.) ; Vorlander records m. p. 163° (Found : C, 
59*1 ; H, 5*15. Calc. : C, 58*8; H, 5-2%). 

A solution of the ester (20 g.) in 4% aqueous sodium hydroxide 
(400 c.c.) was boiled for 5 minutes and cooled, and dilute hydrochloric 
acid added until the solution became faintly acid; on stirring, a 
dark brown impurity separated. The filtered solution was boiled 
with excess of hydrochloric acid until the liberation of carbon dioxide 
ceased. The brown solid which separated yielded, on crystal- 
lisation from aqueous acetone, 5-m -mtmphenyldihydroresorcinol in 
small plates (14 g.), m. p. 188° (decomp.) (Found : C, 61*8 ; H, 4*8. 
requires C, 61 *8 ; H, 4*7%). 

5-p-2V itrophenyldihydrore^orciTiol . — The condensation of p-nitro- 
benzylideneacetone with ethyl malonate was conducted in the 
usual maimer and the hydrolysis of the dihydroresorcylate produced 
was as described above. The solid product when crystallised from 
aqueous acetone yielded 5^~iiitroph&nyMihydroresorci7iol in faintly 
brown plates, m. p. 190—192° (decomp.), containing 1H 2 0 (Found : 
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C, 57-2; H, 5*2; H 2 0, 7-4. C 12 K lx O^ M 2 0 requires C, 57-2; 
H, 5*2; H 2 0, 7*2%). 

Action of Phosphorus Oxychloride on p-Nitrophenyldihydroresor - 
dnoh — A suspension of p-nitrophenyldihydroresorcinol (5 g.) in 
dry cMoroform (13 c.c.) was mixed with 10 c.c. of phosphorus 
oxychloride and heated on a water-bath for 2 hours. The chloro- 
form was then removed, and the residue poured into water and 
extracted with ether. From the extract, washed with sodium 
hydroxide solution and with water and dried, a small quantity 
of 3 : 5-dichloro-I-p-nitrophenyl-k 2 : ^-eyclohexadiene was obtained, 
which crystallised from aqueous alcohol in colourless prisms, m. p. 
81° (Found: Cl, 26*1. C^HgOgNC^ requires Cl, 26*3%). 

Action of Phosphorus Pentachloride on m-Nitrophenyldihydro- 
resorcinol. — m-Nitrophenyldihydroresorcinol (30 g. ; 1 mol.) was 
suspended in dry chloroform (80 c.c.),; phosphorus pentachloride 
(90 g. ; 4 mols.) gradually added in the cold, and the mixture heated 
for H hours. The chloroform was removed under reduced pressure, 
and the residue poured on ice and extracted with ether. From the 
washed and dried extract, 3 : o-dichloro-l-m-nitrophenyl-A? : 4 -cyclo- 
hexadiene was obtained, which crystallised from aqueous alcohol 
in short colourless needles, m. p. 66 — 68° (Found: Cl, 26*3%), 
together with a small quantity of 3 : 5-dichloro~3'-nitrodiphenyl, 
m. p. 162° (Found: Cl, 26*35. C^H^gNC^ requires a, 26*4%), 
The separation of the two compounds was effected by fractional 
crystallisation from methyl alcohol, in which the latter is less 
soluble. 

3:5- Dichloro - 3' - acetamidodiphenyl. — 3:5- Dichloro - 3'-nitrodi - 
phenyl (0*9 g.), dissolved in alcohol (10 c.c.), was reduced with 
stannous chloride (3*3 g.) in absolute alcohol (12 c.c.) saturated with 
hydrogen chloride. The mixture was heated for 1 hour and, after 
evaporation, excess of sodium hydroxide was added and the base 
was extracted with ether. It was obtained as a thick oil, from 
which, by warming with acetic anhydride, 3 : 5-dichloro-3 f -acetamido- 
diphenyl was prepared; this crystallised from aqueous alcohol in 
colourless plates, m. p. 168° (Found : N, 5*0. C^H^ONCla 
requires N, 5*0%). 

Oxidation of 3 : o -Dichloro - 3 ' - aminodiphenyl. — The oil obtained 
by the reduction of 3 : 5-dichloro-3'-nitrodiphenyI was dissolved 
in the minimum quantity of glacial acetic acid and heated under 
reflux with a solution of chromic anhydride in acetic acid. Further 
additions of chromic anhydride were made until oxidation was 
complete. On addition of water, 3 : 5-dichlorobenzoic acid, m. p. 
183 — 185° after crystallisation from aqueous methyl alcohol, 
separated. ’ 
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Action of Chlorine on 3 : o-DichloroA-m-nitroplieJiyl-A 2 : 4 -cyclo- 
hexadiene. — (1) At a Imo temperature . Chlorine (1*6 g.; 1 mol.) 
was passed into a solution of 3 : 5-dichlorod-m-nitrophenyl-A 2:4 - 
cycZohexadiene (6 g.; 1 mol.) in dry chloroform (16 g.) below 0°. 
The residue obtained after rapid removal of the chloroform solidified 
in a vacuum over solid sodium hydroxide and was crystallised from 
alcohol, 3 : o-dichloro-3'-nitrodiphenyl (2*5 g.) being obtained in 
fine colourless needles which, alone or mixed with the aromatic 
compound obtained from the phosphorus pentachloride reaction, 
melted at 162°. 

(2) In excess at a low temperature. Chlorine was slowly passed 
into a solution of 3:5-dichlorod-m-nitrophenyl-A 2:4 -cycZohexadiene 
(6 g.) in dry chloroform (25 c.c.) kept at — 10°. When chlorine 
was no longer absorbed, the chloroform was removed and the 
residue allowed to stand in a vacuum. The sticky mass obtained 
was dissolved in hot alcohol; on cooling, 2 : 3 : 5( 1)4richloro- 
3' -nitrodiphenyl separated, and after crystallisation from alcohol 
was obtained as fine colourless needles, m. p. 116° (Found : Cl, 
32-0. CjgHgOgNClg requires Cl, 35*2%). The low chlorine value 
is probably due to the presence of a small quantity of 3 : 5-dichloro- 
3 '-nitrodiphenyl. 

(3) In excess at room temperature. Chlorine was passed into a 
solution of 3 :5-diehloro-l-m-nitrophenyl-A 2:4 -cycZohexadiene (6 g.) 
in dry chloroform (16 c.c.) until the copious evolution of hydrogen 
chloride had ceased. After removal of chloroform and standing 
in a vacuum, the residue solidified. Crystallisation from alcohol 
yielded 3 : 5-diehlor o-3 ' - nitrodiphenyl , m. p. 162°. 

The authors wish to express their indebtedness to Imperial 
Chemical Industries for a grant which partly defrayed the cost of 
this investigation. 

University College, Swansea. [Received, April 2nd, 1930.] 


CLXXX . — The Alkaloids of Ergot Part I . 

By Sydney Smith and Geoffrey Millward Timmis. 

It is probably true that no drug of vegetable origin has been more 
often investigated than ergot and this is not surprising in view of 
the importance of the drug in medical practice. The earlier 
researches* which extend backward for more than a century^ dealt 
with undoubtedly impure preparations and the first important 
advance was made by Tanret ( Compi . rend., 1875, 81 , 896), who 
isolated a pure crystalline alkaloid, ergotinine, which he . regarded 
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as the physiologically active principle. This view of ergotinine was 
not generally accepted, and for knowledge of the physiologically 
active alkaloid of ergot we are indebted to the researches of Barger, 
Carr, and Bale, who at the British Association meeting in 1906 
announced the isolation of an amorphous alkaloid, ergotoxine, 
having the pharmacological effects characteristic of ergot, and to 
Kraft (Arch. Pharm ., 1906, 244, 336), who independently and almost 
simultaneously described the same alkaloid under the name hydro- 
ergotinine. Barger and Carr (J., 1907, 91, 337) subsequently gave a 
detailed description of the chemical characteristics of ergotoxine and 
its salts, and the physiological effects of the alkaloid were fully 
described by Bale ( Biockem . J ., 1907, 2, 240 and elsewhere). 

It was shown by. Kraft and by Barger and Carr that ergotoxine 
and ergotinine are interconvertible and by Bale that ergotoxine has 
an intense physiological activity whereas ergotinine is comparatively 
inactive. It therefore created considerable interest when Spiro and 
Stoll ( Verb . Schweiz . Nat. Ges., 1920, abstracted in Ber. ges . Physiol ., 
1921, 8, 349 and Chem. Zentr., 1921, III, 889 — 890) described two 
alkaloids, ergotamine and ergotaminine, which were also inter- 
convertible and one of which, ergotamine, had a much greater 
biological activity than the other. Moreover, the methods which 
effected the interconversion of ergotoxine and ergotinine were the 
same as those which caused the interconversion of ergotamine and 
ergotaminine. It seemed probable, therefore, that ergotoxine and 
ergotamine, if not identical, must be closely related, a view which 
received support when it was shown by Bale and Spiro (Arch, exp* 
Path. Pharmacol ., 1922, 95, 377) that ergotoxine and ergotamine 
had the same physiological action not only qualitatively but quanti- 
tatively. The identity of pharmacological action was fully con- 
firmed by the subsequent work of Rothlin (ibid., 1928, 138, 115), 
Burn and Ellis (Pharm. 1927, 64, 384), and others. 

Similarly, some years ago we began an investigation with the 
object of establishing the chemical identity of ergotoxine and 
ergotamine or alternatively of more clearly distinguishing the two 
alkaloids, since the recorded differences were not st riki ng and 
might possibly be due to variations in the purity of the material 
used by the respective workers, particularly as ergotoxine had 
hitherto been obtained only in an amorphous condition. 

Ergotoxine can now be obtained in beautifully crystalline form 
as an additive compound with benzene or its simple homologues 
(Wellcome Foundation Ltd., and G. M. Timmis, B.P. 286,400), or by 
crystallisation from carbon disulphide. Crystallisation from such 
solvents takes place very readily and affords an easy method of 
purification. The sharp definition of the crystals and the constant 
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specific rotation leave no doubt concerning the purity of the sub- 
stance. Ergotoxine cannot according to our experience be crystal- 
lised from other solvents and in this respect shows a pronounced 
difference from ergotamine, which crystallises with great ease from 
a number of solvents. For the purpose of comparison we have 
prepared all four alkaloids in a state of purity. The evidence 
afforded by the crystalline form, specific rotation, solubilities and 
melting points shows quite clearly that the four alkaloids are definite 
and distinct substances. 

Spiro and Stoll in their publications lay stress on the “ protec- 
tive 95 methods of extraction devised by Stoll (D.R.-P. 257,272), 
who suggests (N aturwiss^ 1923, 33, 705) that the failure of other 
workers to obtain ergotamine may have been due to the use of 
commercial ergots containing little or no ergotamine either because 
they were old and deteriorated or because they were originally 
poor therein, but that the chief cause appeared to have been the use 
of insufficiently protective methods of extraction. 

Our experience, on the contrary, has been that the isolation of 
the alkaloids may be effected satisfactorily by ordinary methods 
of alkaloid extraction such as that of Kraft ( loc . cit.). Stoll's 
process consists essentially in treating the drug with a solution of a 
weakly acidic substance such as aluminium sulphate, ferrous 
sulphate, ferric chloride or copper sulphate. The acid material is 
freed from extractive matter by treatment with a solvent such as 
benzene or ether. The alkaloid is then set free by treatment with 
an alkali and extracted with ether or benzene or similar solvent. 
It is difficult to agree that such a process is less likely to cause 
decomposition of the alkaloids than the process of Kraft, which 
consists in extracting the drug with ether, extracting the alkaloids 
from the ethereal solution with a weak acid such as citric acid, and 
precipitating the alkaloids from the slightly acid extract by means 
of a base. In our experience it is immaterial as far as' the nature 
of the alkaloid is concerned whether the alkaloids are prepared by 
the method of Kraft or by the processes described by Stoll. 

During the past few years we have examined many commercial 
specimens of ergot from Spain, Portugal, Russia, Poland, Scandin- 
avia, Hungary, and Czechoslovakia, all of which gave ergotoxine 
and ergotinine and these alkaloids only. These ergots were all 
obtained from rye which is the variety used traditionally in medicine 
arid is officially specified by the pharmacopoeias. 

Ergot grows On other Graminem besides rye and we therefore 
examined some of the unofficial ergots. This part of the investig- 
ation feat present incomplete, as these varieties of ergot are difficult 
to procure. We have, however, been able to obtain three specimens 
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of the ergot growing on tall fescue (Festuca), which were collected 
in New Zealand in 1927, 1928 and 1929. Two of them gave excellent 
yields of ergotamine, but the third contained comparatively little 
alkaloid. These ergots were extracted by the method of Kraft. 

These results suggest that the isolation of ergotamine and ergot- 
aminine depends not on the special methods of extraction upon 
which Stoll lays so much stress but upon the nature of the ergot. 

In our experience ergot of rye gives ergotoxine and ergotinine 
only and in this we confirm the results of Tanret, who isolated 
ergotinine, and of Barger and Carr and of Kraft, who isolated both 
alkaloids. 

Barger and Carr suggested the formulae C 35 H 41 0 6 N 5 and 
C 35 H 39 0 5 N 5 for ergotoxine and ergotinine, and Spiro and Stoll 
assigned the formula C 33 H 35 0 5 N 5 to ergotamine and ergotaminine. 
Although we have made many analyses of these alkaloids and their 
salts, we have not succeeded in finding conditions which give com- 
pletely satisfactory results. Previous workers have experienced 
this difficulty also and we prefer to reserve a discussion of the 
composition and inter-relationship of the four alkaloids until these 
difficulties have been overcome or until we have been able to prepare 
degradation products which will throw light upon this question. 

Experimental. 

Isolation of Ergotoxine and Ergotinine . — The mixed crude alkaloids 
were prepared from ergot by the method of Kraft (loc. cit.), the 
average yield being 0*1 to 0T5%. The crude alkaloid is treated with 
methyl alcohol, which dissolves ergotoxine and leaves most of the 
ergotinine undissolved. The solution of ergotoxine with some 
ergotinine may then be purified by taking advantage of the different 
solubilities of the sulphates (Kraft), or purification may be effected 
by preparing the phosphate (Barger and Carr, loc . cit). The 
ergotinine residue is readily purified by crystallisation from dilute 
alcohol. 

Ergotoxine was usually prepared from the phosphate by triturat- 
ing the salt with water and sodium bicarbonate. The mixture was 
extracted with ether, and the extract evaporated to dryness. The 
solid residue was dissolved in hot benzene, from which it readily 
crystallised on cooling in six-sided prisms containing 21% of benzene 
and having a specific rotation [a]J^ x = — 179 r and [a]^ = —156° 
(c = Tin chloroform). Ergotoxine can be crystallised from toluene, 
the xylenes and mesitylene and separates in each case associated 
with the solvent, which can be removed by very prolonged drying 
at 90° in a vacuum. The solvent-free residue has a specific rotation 
= -226° and [a£ = - 197° (c = 1 in chloroform). Ergot- 



1394 


THE ALKALOIDS OF EEGOT. PAET I. 


oxine is sparingly soluble in carbon disulphide and separates in stout 
prisms on the spontaneous evaporation of a solution in this solvent. 
It is insoluble in light petroleum, sparingly soluble in ether, and 
very soluble in methyl and ethyl alcohol, chloroform and acetone 
and ethyl acetate, but does not crystallise from these solvents. 
When an acetone solution is diluted with water, the base separates 
in an amorphous condition (distinction from ergotamine, which 
crystallises readily under these conditions). The amorphous base 
is hygroscopic. The dry substance when placed in a bath at 170° 
and slowly heated begins to soften at 180° (corr.) and melts very 
indefinitely between 190° and 200°. It is readily soluble in 1 — 3% 
aqueous sodium hydroxide solution but insoluble in sodium carbonate 
solution. . 

Ergotinine was most readily purified by crystallisation from hot 
alcohol containing from 10 — 50% of water. It crystallised in long, 
thin, glistening, colourless prisms, free from solvent. It has 
p*] 546 i = + 51 3°, [a]5So = + 435° (c = 1 in chloroform). It is 
insoluble in light petroleum, very sparingly soluble in pure ether, 
sparingly soluble in acetone and in methyl and ethyl alcohols, easily 
soluble in benzene and chloroform. The dry substance when 
placed in a bath at 200° and slowly heated melts and decomposes at 
239° (corr.) after preliminary darkening. Barger and Carr (loc. cit.) 
record decomposition points up to 229° (corr.), but, as pointed out by 
these authors, the decomposition point is not very characteristic. 
Ergotinine is insoluble in solutions of alkaline hydroxides or 
carbonates. 

Isolation of Ergotamine and Ergotaminme . — The mixed crude 
alkaloids were prepared from Festuca ergot in the same manner as 
ergotoxine and ergotinine from ergot of rye. The crude alkaloid 
was treated with three parts of methyl alcohol, which dissolved 
ergotamine and left a residue of ergotaminine. The methyl- 
alcoholic extract w r as diluted with five volumes of ether, and the 
solution extracted with aqueous citric acid. The acid extracts on 
basification with sodium carbonate gave a precipitate of ergotamine. 

Ergotamine may be purified by preparing the phosphate. The 
base is dissolved in 10 parts of dry acetone and treated with a 
solution of phosphoric acid in acetone. The phosphate separates 
in a semi-crystalline condition and may be recrystallised or con- 
verted into the base by treatment with ether and sodium bicarbonate. 
Ergotamine crystallises readily from aqueous acetone in long 
rectangular plates containing solvent or less readily, from benzene 
in small needles. It is insoluble in light petroleum, less soluble than 
ergotoxine in benzene, chloroform and ether, and easily soluble in 
nitrobenzene and pyridine. The dry substance has specific rotation 
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Mwci =. — 181° and [a]^ = — 159° (c = 1 in chloroform). When 
placed in a bath at 205° and slowly heated, the dry substance melts 
fairly sharply and decomposes at 213 — 214° (corr.) after softening 
and darkening. It is soluble in a dilute solution of sodium hydroxide 
but insoluble in aqueous sodium carbonate. Ergotamine isolated 
from commercial ergotamine tartrate crystallised in the same form 
as the alkaloid isolated from Festuca ergot and after recrystallisation 
had an identical specific rotation and m. p. 

Ergotaminine was prepared by the crystallisation of the crude 
residue obtained as above. It crystallises from alcohol, acetone, 
nitrobenzene and ether, pyridine and/water, chloroform, and light 
petroleum. It separates from alcohol in the characteristic thin 
triangular plates free from solvent as described by Spiro and Stoll 
or in five-sided plates as illustrated. It is practically insoluble in 
light petroleum, sparingly soluble in benzene, toluene, methyl and 
ethyl alcohols, acetone and ethyl acetate, fairly readily soluble in 
chloroform and nitrobenzene, and easily soluble in pyridine. It 
has specific rotation [a]^ = -j- 450° and [a]J^ 0 = + 385° ( c = 0*5 
in chloroform). When placed in a bath at 240° and slowly heated, it 
melts and decomposes at 252° (corr.). It is insoluble in dilute 
solutions of alkaline hydroxides or carbonates. 

Our thanks are due to Mr. A. C. McDougall, B.Sc., and Mr. E. L. 
Kendrick for the preparation of the photomicrographs which 
illustrate this paper. 

Wellcome Chemical Works, 

Dartford. [Received, April ZQth, 1930.] 

CLXXXI . — The Development of a Novel Form of Iso- 
merism in the Sugar Series . Part II. The Third 
Variety of Tetra-acetyl Methylmannoside. 

By Harold Graham Bott, Walter Norman Haworth, and 
Edmund Langley Hirst. 

The discussion opened in Part I of this series dealing with the third 
variety of triacetyl methylrhamnoside (Haworth, Hirst, and Miller, 
J., 1929, 2469) has now been extended to the anomalous or third 
variety of tetra-acetyl methylmannoside. The facts are that three 
forms of tetra-acetyl methylmannoside exist as crystalline sub- 
stances, and have the following properties (Dale, J. Amer. Ghem. 


Soc.> 1924, 46, 1046) : . 

: a-Form. j8-Form. “y ’’-Forr 

M. p. 65° 161°. 105° . 

[a]i> in chloroform • 4-49*1° “46*8° —26*6° 
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In discussing the three corresponding triacetyl methylrhamnosides 
we were able to recognise all of them as six-atom ring forms of 
pyranosides. It will now be shown that the a-, (3-, and ££ y”-forms 
of tetra-acety! methylmannoside are also six-atom ring forms, and 
there arises the question of how the existence of these three modi- 
fications can be reconciled with existing views on stereoisomerism 
in the sugar group. The proof of the constitution of tetra-acetyl 
a-methylmannoside was developed in an earlier communication 
(Goodyear and Haworth, J., 1927, 3136), and a similar proof of the 
pyranose structure of tetra-acetyl (3 - methylmannoside has been 
completed and will be published soon. 

The third or; “ y "’-variety of tetra-acetyl methylmannoside 
possesses several unique features, the most important of which is 
that three of the acetyl groups are eliminated by contact with cold 
alkali but the fourth acetyl group is resistant to hydrolysis even with 
hot alkali. We have submitted the monoacetyl methylmannoside 
(prepared by an alternative procedure to that given by Levene and 
Sobotka, J. Biol. Chem., 1926, 67, 771) to a close investigation, and 
have found that it behaves in a similar manner to the monoacetyl 
methykhamnoside which has already been discussed in Part I of 
this series . On re-acetylation it passes again to the £ £ y ’ ’ -tetra-acetyl 
methylmannoside, so there can have been no profound change of 
structure during the partial de-acetylation process. The mono- 
acetyl methylmannoside (I) gave on methylation monoacetyl tri- 
methyl methylmannoside (II). The acetyl group in this substance 
also exhibits the same resistance towards alkaline reagents that was 
observed in the original tetra-acetate. It is evident that the 
monoacetyl trimethyl derivative retains the essential structure of 
the ee y ’’-tetra-acetyl methylmannoside, a conclusion which is 
further supported by the ease of hydrolysis of the mannosidic methyl 
group in either compound with N /100-acid in the cold. The tri- 
methyl derivative (H) loses both the mannosidic methyl group and 
the acetyl group with 2% acid at 100° and yields a crystalline 
trimethyl mannose which we have designated 3:4: §4rimethyl 
mamiopyranose (HI), a sugar which gives rise on oxidation to 
&• 3 : 4 : 6-trimethyl S-mannonolaetone (IV), m. p. 96 — 97°, 
£a] 0 + 167*5° (in water)— > ll0°. The corresponding l - form (V) 
of this lactone has already been synthetically prepared by Haworth 
and Peat from Z-trimethyl arabofuranose (VI) (J., 1929, 350), and 
has the same melting point, and the same magnitude of rotation but 
opposite in sign. From the ^-lactone the phenylhydrazide of 
d-3 : 4 : 6-trimethyl mannonic acid was prepared, and this again 
has the same m. p. as that of the phenylhydrazide of the Z-acid 
obtained by Haworth and Peat. Since the constitution of the 
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l - 3 : 4 : 6-trimethyl S-mannonolactone has been proved both by the 
method of synthesis and by its conversion into the tetramethyl 
S-mannonolactone, it will be clear that the d-isomeride which has 
now been isolated must be a six-atom ring form and recognisable 
tinder the nomenclature assigned to it in this discussion. 

A confirmation of the pyranose structure of the 3:4: 6-trimethyl 
mannose was developed in the following way. By further methyl- 
ation the sugar was converted into the crystalline 2:3:4: 6-tetra- 
methyl p-methyhnannoside (VII) which, in a subsequent publication, 
will be shown to be capable of hydrolysis to 2 : 3 : 4 : 6-tetramethyl 
mannopyranose, yielding the characteristic crystalline anilide. : 
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It may be added that the 3 : 4 : 6-trimethyl mannose was crystal- 
lised as an a-form mutarotating from [a] D = + 21° - — y 8-2°. 
The rate of hydrolysis of the derived d - 3 ; 4 : 6-trimethyl 3-mannono- 
lactone (IV) was studied and was in full agreement with the 
values observed by Haworth and Peat ( loc . cit.) for the Z-isomeride, 
but with the sign of rotation reversed. Not only so, but the 
rate of hydrolysis is comparable with that of ^-tetramethyl 
S-mannonolactone (Drew, Goodyear, and Haworth, J., 1927, 
1237). 

Prom these experiments it is inferred that the monoacetyl methyl- 
mannoside (I) has the constitution of a six-atom ring form, and that 
the acetyl group is situated at position 2 of the mannose ring. It is 
therefore to be formulated as a 2-acetyl derivative of methyl manno- 
pyranoside, and not as a four-atom ring structure as represented by 
C. S. Hudson (J. Amer. Chem, $oc,, 1926, 48, 1434). The unique 
behaviour associated with this substance is, however, not explained 
by this simple formulation, since the tetra-acetyl mannoside from 
which it was derived differs widely in behaviour from the p-tetra- 
acetyl methylmannoside, in that from, the latter the acetyl group at 
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position 2 is readily eliminated by hydrolysis along with the other 
three acetyl groups. There is, therefore, some special character 
associated with the acetyl group at position 2 in the third variety 
(“ y ”■) of tetra-acetyl methylmannoside, and it is this remarkable 
feature which must now receive explanation. 

When the above “y”- or third variety of tetra-acetyl methyl- 
mannoside was submitted to methylation with silver oxide and 
methyl iodide, containing also sodium hydroxide, the product 
obtained was mainly monoacetyl trimethyl methylmannoside (II) 
which, on hydrolysis with dilute acid, gave a high yield of crystalline 
d - 3 : 4 : 6-trimethyl mannopyTanose (IV). On the other hand, the 
use of excessive quantities of methyl sulphate and alkali effected 
the replacement of all the acetyl residues by methyl groups, and 
yielded a mixture of a- and [3 -forms of tetramethyl methylmanno- 
pyranoside from which tetramethyl mannopyranose was afterwards 
isolated by hydrolysis, and characterised as the crystalline anilide 
of the latter sugar. The behaviour of the 44 y or third variety of 
tetra-acetyl methylmannoside during methylation with these 
reagents was characteristic. The solution became very dark during 
the final heating at 100°, and the yield of product was only 40%. 
Under similar conditions the a- and (3 -forms of tetra-acetyl methyl- 
mannoside give yields which are practically theoretical. 

It became evident that, although the replacement of all the four 
acetyl groups occurred when the c; y variety was submitted to this 
treatment, yet the darkening in colour of the solution was evidence 
of the intermediate formation of a free sugar, represented by the 
removal of the mannosidic methyl group simultaneously with the 
hydrolysis of the acetyl residues. This methyl residue appears 
to be labile also in contact with dimethylamine and methyl alcohol 
at 100°. 

Still another characteristic feature which clearly differentiates 
the third or “y”- variety of the tetra-acetyl or monoacetyl methyl- 
mannoside is the ease with which the mannosidic methyl group is 
hydrolysable with acids of extreme dilution. This property was 
also remarked upon in the earlier paper dealing with the correspond- 
ing rhanmoside. The conclusion there reached was that the 
resistant acetyl group, which is situated at carbon atom 2 of the 
pyranose ring, is obstructed by the (3 -methyl group of the mannoside, 
and by the proximity of the acetyl group at position 3. It was 
stated, in the case of the rhamnoside, that this phenomenon might 
be explicable on the view of the co-ordination of one of the acetoxyl 
residues - with the neighbouring group, and that it was clearly 
evident that there was restricted movement of the groups attached 
to carbon atoms, I, 2, and 3. We suggested as a tentative hypo- 
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thesis the existence of a strainless ring, which admitted of the 
interlocking of the groups at carbon atoms 1, 2, and 3. 

Simultaneously with the work on this problem we have also been 
conducting an investigation on the transposition or wandering of 
acetyl residues in the glucose series, and the following paper illus- 
trates the views which we have been led to adopt as an explanation 
of this phenomenon. The hypothesis introduced by Fischer that 
the wandering of acyl residues is accompanied by the intermediate 
formation of an ortho -carbonic ester type of grouping appears to 
receive confirmation in the case we have studied, and a similar 
conception of the existence of an ortho -carbonic ester linking see ms 
to us to apply also to the examples of the third or ci y”- varieties of 
triacetyl methylrhamnoside and tetra-acetyl methylmannoside. 
The adoption of this view involves both a structural and a stereo- 
chemical explanation. The existence of these anomalous com- 
pounds, and also the special properties associated with the resistant 
acetyl group at position 2 in both the rhamnoside and the mannoside, 
appear to receive a complete explanation from the conclusion that 
the interlocking of groups at this point in the structure is occasioned 
by the superposition on the pyranoside structure of a five-atom ring 
associated through the linking of the groups at carbon atoms 1 and 2 . 
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It must be clearly recognised that the formation of these obstructed 
forms of methyl-rhamnoside and -mannoside occurs, so far as is at 
present known, only when the triacetyl rhamnosidyl bromide or 
tetra-acetyl mannosidyl bromide is submitted to the action of an 
alcohol in the nresence of a base. Thev do not annear to be formed 
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by more direct methods. The following scheme may therefore be 
suggested to explain the mode of formation of these compounds. 


9 E 3 

09 Br 

0 J <X 


H| 

H OAc 

Triacetyl rham- 
nosidyl bromide. 


MeOOOH 
| Br 

o j a CH 3 

2* 1 A °\i 2 

^ ‘VOAc h y\ 

hI' — r h 

H OAc 

Possible intermediate 
. compound. 


9 E 3 

Meo-9-0 


‘ y ’’-Form of triacetyl 
methylrhamnoside. 


OMe 


AcO I 

,, CH, 

\A~ 

°\ 

iCoAe 

?/ 

Hi 

1 E 

H 

OAc 


Normal jS-form of triacetyl 
methylrhamnoside. 


(Since it is known that a-glucosidyl bromides yield (3-methyl- 
glucosides, a process involving a Walden inversion, the bromine atom 
is here formulated for the sake of clearness as a (3 -configuration.) 

The alternative view that the resistant acetyl residue is located at 
position 5 of the rhamnose or mannose chain, and that the sugar 
ring attaches at positions 1 and 2, has not escaped our consideration. 
But this alternative is rendered very improbable if only for the fact 
that a mere change of reagent from quinoline to silver carbonate, 
in the transformation from the bromide to the rhamnoside, produces 
a substantial yield of the ordinary unobstructed form of triacetyl 
(3 -methylrhamnoside to which has been allocated ; the pyraiiose 
structure. 

This formulation for the third varieties of the rhamnoside and 
mannoside as ortho-carbonic ester derivatives would seem also to 
provide a reason for the ease with which they undergo hydrolysis 
with dilute acid when compared with the much greater resistance 
of the a- and (3 -forms to these reagents. 

During the preparation of the present paper for the press a 
communication was received from Professor Freudenberg informing 
us that he had reached, independently, the same conclusion as 
ourselves as to the structure herein assigned to the :i y -triacetyl 
methylrhamnoside, and that a preliminary note by Freudenberg 
and Braun on this subject was to appear in Natunoissenschaften , 
May 1, 1930, 
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Experimental. 

Preparation of e; y ” -Monoacetyl Methylmannoside . — Penta-acetyl 
mannose was obtained as a liquid containing both the a- and. the 
{3-form by treating mannose with acetic anhydride and pyridine at 
0° for 4 days. The product was isolated by the method used by 
Haworth, Hirst, and Miller ( loc . cit .) for rhamnose tetra-acetate. 
Tetra-acetyl mannosidyl bromide was then prepared from the 
liquid penta-acetyl mannose and was converted into “y ”-tetra- 
acetyl methylmannoside by Dale’s method (loc. cit.). The latter 
substance was repeatedly crystallised from ether until it had m. p. 
104°, and [a]ff — 27° in chloroform, in agreement with the constants 
recorded by Dale. 

The following method was found to be more convenient than the 
one given by Levene and Sobotka (loc.cit.) for the transformation 
of “y tetra-acetyl methylmannoside into monoacetyl methyl- 
mannoside. A solution of the former substance in an excess of 
N /2 -alcoholic sodium hydroxide was kept at 0° for 16 hours. After 
neutralisation by carbon dioxide the solution was filtered and then 
evaporated to dryness under diminished pressure at 40°. The 
residue was extracted several times with cold ethyl acetate. Removal 
of the solvent under diminished pressure at 40° left a viscid syrup, 
which was obtained as a hygroscopic powder after prolonged drying 
in a vacuum (yield, 72% of the theoretical). [a]ff — 6° (c, 0-83 in 
water) (Found : C, 46-0 ; H, 7-1 ; OMe, 11-2. Calc, for C 9 H 16 0 7 : 
C, 45-8 ; H,6-8; OMe, 13-2%). 

Monoacetyl y-methylmannoside was non-reducing and the acetyl 
group resisted hydrolysis by 15% aqueous sodium hydroxide at 80°. 
The substance was, however, readily hydrolysed by dilute acids 
with loss of methyl and acetyl groups. 

Acetylation of Monoacetyl Methylmannoside. — A solution of mono- 
acetyl methylmannoside (2 g.) in pyridine (15 c.c.) and acetic 
anhydride (21 c.c.) was kept at — 5° for 50 hours, and then poured 
into water. The product was extracted by chloroform, the chloro- 
form solution was neutralised by shaking with aqueous sodium 
bicarbonate and dried, and the solvent was then removed by 
distillation under diminished pressure at 35°. After removal of the 
pyridine by distillation in steam at 85° /II mm., “y ’’-tetra-acetyl 
methylmannoside was obtained as a colourless crystalline mass 
(3 g.j, m. p. 100°. After recrystallisation from ether the m. p. 
was 102°. A mixed m. p. determination with an authentic 
specimen showed no depression. [a]^° — 26*9° (c, 141 in chloroform) 
(Found: C, 49*5 ; H, 6*2 ; OMe, 8*3. Calc, for C 15 H 22 O 10 : 0, 49*7; 
H, 6*1 ; OMe, 8*6%). 

Methylation of Monoacetyl Methylmannoside. — (a) By means of 
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silver oxide and methyl iodide . A solution of monoacetyl methyl- 
mannoside (7 g.) in methyl alcohol (7 c.c.) and methyl iodide (70 e.c.) 
was heated at 30° with silver oxide (20 g.) until the reaction had 
commenced, and this proceeded for some time without further 
heating. Silver oxide was added from time to time (70 g. in all) 
and the temperature was gradually raised to 45°. At the end of 6 
hours the product was extracted by chloroform and after isolation 
was remethylated in the usual way with silver oxide (30 g.) and 
methyl iodide (30 c.c.). It was then distilled, giving monoacetyl 
trimethyl methylmannoside (6*3 g.) as a colourless liquid, b. p. about 
12070-1 mm. ; nf 1-4594 ; [a]f - 20° (c, 1-24 in water) ; [a]f 0 - 11° 
(c, 1-0 in chloroform) (Found: C, 51*8; H, 8*1; OMe, 42*0. 
C 12 H 22 0 7 requires C, 51*8; H, 7*9; OMe, 44*7%). 

(b) By means of methyl sulphate. Monoacetyl methylmannoside 
(5 g.), dissolved in acetone (30 c.c.) and water (10 c.c.), was treated 
at 50° with methyl sulphate (50 c.c.) and 30% aqueous sodium 
hydroxide (150 c.c.), the solution being maintained strongly alkaline 
throughout. (During the methylation there is a tendency for the 
formation of coloured decomposition products, and it is desirable 
to omit the usual heating for one hour at 90 — 100° at the end of the 
reaction.) The product (2*&g.), which was isolated in the usual way, 
had b. p. about 12070*1 mm., nf 1*4582, [a]g° - 23° (c, 1*0 in 
water). The identity of this material with the monoacetyl tri- 
methyl methylmannoside described above was established by the 
conversion of both into the same crystalline trimethyl mannose, the 
yield in each case being over 90% of the theoretical. 

The acetyl group in monoacetyl trimethyl “ y ’’-methylmannoside 
resisted hydrolysis by aqueous sodium hydroxide, no measurable 
amount of acetic acid being liberated during 50 hours when a 
solution of the substance in 3% aqueous alkali was kept at 15°. 
During this period the specific rotation remained unaltered. In hot 
aqueous alkali monoacetyl trimethyl “ y ’’-methylmannoside was 
slightly unstable, as was shown by the formation of coloured decom- 
position products. Fehling’s solution was reduced to a small extent 
after prolonged boiling. The amount of decomposition was, how- 
ever, minute even after treatment with 3% aqueous sodium hydr- 
oxide at 50° for 2 hours, since under these conditions 0*191 g. of 
substance accounted for only 0*2 q.c. of alkali. Further evidence of 
decomposition in the presence of alkali was provided by the marked 
development of colour during the simultaneous deacetylation and 
methylation of monoacetyl trimethyl “ y ’’-methylmannoside by 
means of methyl sulphate and strong alkali (see below). 

Monoacetyl trimethyl methylmannoside was extremely sensitive 
to dilute hydrochloric acid. The specific rotation in N /100-acid at 
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20° changed in 60 minutes from [a]g° — 25° to the constant value 
+ 2°. The liquid then vigorously reduced warm Fehling’s solution. 
[a]f> 0 — 20° (4 mins.) ; — 13° (10 mins.) ; — 6*4° (20 mins.) ; — 1-6° 
(30 mins.) ; 0*4° (45 mins.) ; 2° (60 mins. ; constant value). No 

acetic acid was liberated during this period, since a solution of 
0-1889 g. of substance in 26*8 c.c. of N /100-hydrochloric acid 
required for neutralisation after 60 minutes 27-0 c.c. of N /100-sodium 
hydroxide. Complete hydrolysis of the acetyl group would involve 
the liberation of acetic acid equivalent in this case to an additional 
68-2 c.c. of Y/100-alkali. The removal of the acetyl group was 
effected by. the use of N /2-sulphuric acid at 90° for 60 minutes 
(Found : CH^CO, 14-0. Calc., 15*5%). . 

3:4: %-Trimethyl M annapyranose. — The following series of experi- 
ments was carried out in duplicate with material obtained respec- 
tively by methods (a) and (b) of the preceding section. The products 
were identical, and it is only necessary, therefore, to describe one 
set of experiments. 

Monoacetyl trimethyl methylmannoside was dissolved in N J2- 
hydrochloric acid and heated on the water-bath for 90 minutes. 
The solution was neutralised with barium carbonate, filtered, and 
evaporated to dryness under diminished pressure. The product 
was extracted with chloroform and distilled, giving 3 : 4 : 6-trimethyl 
mannopyranose as a syrup, b. p. about 135°/0-04 mm ng’ 1-4734. 
This soon crystallised and, on recrystallisation from ether, d-3 : 4 : 6- 
trimethyl aL-mannopyranose was obtained, m. p. 101—102°, [a]f>° 36° 

(c, 0-8 in methyl alcohol), [a]g° -f 21° (c, 1-04 in water ; initial value). 
Yield, 90% of the theoretical (Found: C, 48*7; H, 8-3; OMe, 
40-9. C 9 H 18 O e requires C, 48*7 ; H, 8-1 ; OMe, 41-8%). 

The mutarotation of 3 : 4 : 6-trimethyl mannopyranose in aqueous 
solution at 22° was Complete in about 90 minutes, the equilibrium 
value being [a]g° + 8-2°: [a]g° + 19° (3 mins.); 18*5° (5 mins.); 
11-5° (30 mins.); 10° (45 mins.); 8*2° (90 mins., constant value). 
From these figures the initial value was obtained by extrapolation. 

3:4: 6-Trimethyl mannopyranose (1*0 g.) was methylated by 
means of methyl iodide (30 c.c.) and silver oxide (10 g.), the addition 
of methyl alcohol (2 c.c.) being necessary to effect solution. The 
mixture was heated at 35° for 3 hours and then allowed to boil 
gently for an additional 4 hours. The product, after being re- 
methylated in the usual way, crystallised (yield, 0*95 g.). On 
distillation crystalline tetramethyl (3-methylmannopyranoside was 
obtained mixed with 12% of the a-isomeride, b. p. about 907004 
mm., nf 1*4521 (supercooled liquid), [oc]g° — 65° (c, 0*7 in water). 
Recrystallisatioh from light petroleum (b. p, 40 — 60°) gaye pure 
tetramethyl p-methylmannopyranoside as long needles, m. p. 
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36 — 37°, alone or when mixed with an authentic specimen, [a]g 9 — 78° 
(c, 0*4 in water). 

d-3 : 4 : &~Trimetkyl %-Mannonolactone . — 3 : 4 : 6-Trimethyl manno- 
pyranose (3*7 g.) was dissolved in water (25 c.c.) and treated at 
35 — 40° with bromine (4*5 c.c.) for 2 days; the solution was then 
found to be non-reducing. After removal of the remaining bromine 
by aeration the solution was neutralised with silver oxide, the organic 
acid liberated from its silver salt by titration with hydrochloric acid, 
the water removed by distillation under diminished pressure, and 
the product dissolved in ether in order to remove a small quantity 
of inorganic matter. Evaporation of the ether left , crystalline 
d-3 : 4 : 6-trimethyl S-maimonolactone (3*2 g.) which, after recrystal- 
lisation from ether, had m. p. 96—97°, 167-5° (c, 0*7 in 

water). These constants are in excellent agreement with those 
recorded by Haworth and Peat for the corresponding Z-3 : 4 : 6-tri- 
methyl 8-mannonolactone ( loc . cit.), which has m. p. 96 — 97° and 
Mo - 167°. 

.. The phenylhvdrazide of d~ 3 : 4 : 6-trimethyl mannonic acid was 
prepared by heating the lactone (0-2 g.) with the calculated quantity 
of phenylhydrazine in benzene solution for 30 minutes on the 
water-bath. The product (0*3 g.) crystallised completely and had 
m. p. 137 — 139°, unaltered by recrystallisation from benzene. The 
m. p. of the Z-isomeride is 137-^139°. 

The hydrolysis of the lactone in aqueous solution was followed 
polarimetrically : [oC\f + 167*5° (5 mins.); 167° (30 mins.); 162° 
(1*5 hrs.); 154° (4*5 hrs.) ; 147° (8 hrs.); 125° (24*5 hrs.); 118° 
(32 hrs*) ; 110° (74 hrs., constant value). If the sign.of rotation be 
reversed, these figures are in excellent agreement with those recorded 
by Haworth and Peat for the Z-isomeride. 

The rotation of the acid in aqueous solution was measured in the 
manner described in previous papers : [aJo° + 31° (c, 0*7, calc, as 
lactone ; initial value) ; 39° (1 hr.) ; 62° (4*5 hrs.) ; 103° (23 hrs.) ; 
107° (30 hrs.); 111° (48 hrs., constant value). The proportion of 
lactone present at equilibrium was therefore 58%. 

Attempted Simultaneous Deacetylation and M ethylation of cc y >J - 
Tetra-acetyl Methylmannoside by Means of Methyl Iodide and Silver 
Oxide in the Presence of Solid Sodium Hydroxide,— Silver oxide 
(70 g.) and solid sodium hydroxide (6 g.) were added to a solution of 
“y ”-tetr a- acetyl methylmannoside (10 g.) in methyl iodide (50 c.c.). 
The mixture was heated at 45° for 8 hours. The product (9 g.) was 
extracted by chloroform and subjected to a second treatment under 
similar conditions, and was then distilled, giving a colourless viscid 
syrup (6 g.), b. p. about 120° /0*1 mm., 1*4601, [a]{?° — 16° in 
chloroform (Found : C, 51*8; H, 8-5; OMe, 45*1%). The material 
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was therefore mainly monoacetyl trimethyl methylmannoside, and 
the correctness of this view was proved by hydrolysis with N /5-hydro- 
chloric acid at 95°. During 2 hours the specific rotation altered from 
[a]JJ° — 7° to + 4°. The product, which was isolated in the usual 
way, was 3:4: 6-trimethyl mannopyranose, m. p. 101° (yield, 
90%). 

Similar experiments with silver oxide and solid sodium hydroxide 
were carried out on monoacetyl trimethyl methylmannoside, but 
in no case could the acetyl group be removed, and the monoacetyl 
trimethyl methylmannoside was recovered unchanged. 

Simultaneous Deacetylation and M ethylation by Means of Methyl 
Sulphate and Alkali . — “ y ’’-Tetra-acetyl methylmannoside (5*5 g.), 
dissolved in acetone (15 c.c.), was treated at 50° with a large excess 
of methyl sulphate (55 c.c.) and 30% aqueous sodium hydroxide 
(140 c.c.). During the final heating at 100° for 1 hour the solution 
became very dark. The product was methylated three times by 
Purdie’s reagents and distilled, giving a colourless liquid, b. p. about 
85°/0*03 mm., nf 1-4530, [ocjg 0 - 15° (c, 0-9 in water), [oc]f - 7° 
(c, 0*7 in chloroform). Yield, 40% (Found : OMe, 58*2. Calc, for 
the tetramethyl methylmannoside, 62%). During hydrolysis with 
6% hydrochloric acid at 80° the specific rotation altered from 
Mg 0 — 15° to the constant value [a]'g“ + 14°. The product was a 
syrup which, when boiled with aniline in ethyl- alcoholic solution, 
gave tetramethyl mannopyranose anilide, m. p. 140 — 142°, alone 
or in admixture with an authentic specimen. The overall yield of 
syrupy tetramethyl mannopyranose from “ y ’’-tetra-acetyl methyl- 
mannoside was 25% of the theoretical, and the minimum yield of 
crystalline anilide from the tetramethyl mannopyranose was 70%. 

University of Birmingham, 

Edgbaston. [Received, May 19th, 1930.] 


CLXXXII . — The Conversion of 1:2:3: 4:-Tetra-acetyl 
p-d-Glucose into 2:3:4: 6 -Tetra-acetyl p-Methyl - 
glucoside. 

By Walter Norman Haworth, Edmund Langley Hir st, and 
Ethel Gertrude Teece. 

Various examples are known of the wandering of acyl groups 
linked with polyhydric alcohol residues. One of the first to observe 
this change was Fischer (Ber. } 1920, 53, 1624), who suggested that 
the mechanism of the wandering of acyl groups might be explained 
3 b 
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by the intermediate formation of an ortho-carbonic ester group of 
the type shown below : 


CHo-OAc CH 2 -OAc 

yH-OAc — ► CH~(X C< ^CH 3 

CH 2 -OH CH.rCr ^OH 


CHa-OAc 

(jjH-OH 

CH^OAc 


This view may be expanded by including the assumption that the 
addition and elimination of water takes place in the following way : 


CH 2 *0Ae 


CH 2 -OAc 


CH,- 


c-ch 3 

^0 
OH 


A 


H-0 — C — CH 3 
I !HO| /x OH 

ch 2 -0|h| 



Similar instances of acyl wandering are known in the glycerides 
of higher fatty acids (Griin, 1 Ber., 1921, 54, 290; Fairbourne and 
Cowdrey, J., 1929, 129 ; Fairbourne, ibid., pp. 1151, 2232 ; Hibbert 
and Carter, J. Amer. Chem. Soc., 1929, 51, 1607) and also in the 
sugar group (Ohle, Ber., 1924, 57, 403; Ohle and Diekhauser, Ber., 
1925, 58, 2593). A benzoyl or acetyl residue at position 3 in 
glucose is shown to be capable of translation to position 6, especially 
under the influence of faintly alkaline solutions, and the conditions 
under which this change is effected have been studied (Josephson, 
Annalen, 1929, 472, 217). 

If the above mechanism be admitted, it would appear that the 
cases studied by the last author may be expressed as follows, 
where positions 1 and 2 are linked by an acetone group in gluco- 
furanose. 



AcOCH 2 

CH-OH 


HO 




H . 

H \l/ ? 


o- 


4 


!Me«, 


The spatial proximity of the hydroxyls at positions 3 and 6 which 
are situated at the same side of the plane constituting the glucose 
ring apparently facilitates this interchange, and these stereochemical 
considerations are probably of importance also in other cases. In 
the course of our work on the properties of 1 : 2 : 3 : 4-tetra-acetyl 
£ -glucose (I) (Oldham, J., 1925, 127, 2840; Helferich and Klein, 
Annalen , 1926, 450, 219) we were impressed by the similar 
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melting points of this substance, of the 2:3:4: 6-tetra-acetyl 
p-glucose (II) (Fischer and Delbriick, Ber., 1909, 42, 2778), and of 
the supposed 1:2:3: 6-tetra-acetyl glucose (III) of Helferich and 
Klein (. Annalen , 1927, 455, 173), and by the statement that the 
pyridine derivative of the supposed 1:2:3: 6-tetra-acetyl glucose 
(III) mutarotates in water from the value [a] D — 22° to about 
that of d-glucose (-f 53°). Since the simple mutarotation of a 
compound acetylated in position 1 may be considered unusual, the 
possibility arose that this last-named compound (III) was struct- 
urally closely related to the 2:3:4: 6-tetra-acetyl p-glucose (II), 
which mutarotates from a negative value, in ethyl alcohol, to + 81°, 
and has a melting point almost identical with that of Helferich 5 s 
supposed 1:2:3: 6-tetra-acetyl glucose (III). We have confirmed, 
by mixed melting-point determinations, the statement that these 
two substances are not identical, and another explanation must 
therefore be provided for the properties of (III). It has been shown 
already that compound (III) passes by methylation into 2 : 3 : 4 : 6- 
tetra-acetyl p-methylglucoside (Helferich and Klein, loo. cit.) and 
that the acetylated sugar (III) exists in equilibrium with 1 : 2 : 3 : 4- 
tetra-acetyl (3-glucose (I) in very dilute alkali, and is prepared from 
the latter by this reaction. Helferich has tentatively suggested 
that the acetyl group which wanders is that at position 4 in the 
latter compound (I), but has recognised that a further transposition 
of acetyl residues must occur w’hen (III) undergoes conversion, 
although in indifferent yield, into tetra-acetyl p-methylglucoside. 

It is seen, however, that position 4 is remote from position 6 in 
that these hydroxyl groups are situated in different planes in the 
p-glucopyranose configuration given below. 




The possibility that the exchange of 
acetyl groups may occur from position 
3 to 6 has been considered and rejected 
by Helferich, since the ^-toluene- 
sulphonyl derivative of (III) is different 
from that prepared by Freudenberg and 
Ivers {Ber., 1922, 55, 929). 

Experiments which we have carried 
out lead definitely to the view that, 


in the isomerisation of (I) to give (III), the hydroxyls involved 


are those at positions 1 and 6. We have submitted both 


1:2:3: 4-tetra-acetyl (3-glucose (I) and 2:3:4: 6-tetra-acetyl 
[3-glucose (II) to methylation with methyl iodide and silver oxide 
and have obtained in both cases 2:3:4: 6-tetra-acetyl p-methyl- 
glucoside (IV) as our product. It is important to note that the 
migration is not in any way connected with the actual process of 
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methylation, but is an example of that type of isomerisation which 
has been referred to above as taking place in certain partially 
acylated substances under the influence of alkali. Our observations 
support the result recorded by Helferich, who has obtained the 
same product (IV) by methylation of the converted tetra-acetyl 
glucose (III), and we are therefore of opinion that this evidence 
points to the formulation of (III) as a derivative of ortho-acetic acid 
originating from (I) in the following way. 


HO CH 3 

ch 2 -oh ch 2 -o-9 

IM^-V 1V~ H /I 


yOAc H y T jv^OAc H/| 

| | H AcO | 1 H 

H OAc H OAc 


CH 2 ch 2 

]<|Ae H>| |<fL H y> 

0 |“1 H AcO | | H 

H OAc H OAc 


Helferich has demonstrated that the pyranose ring remains undis- 
turbed during the change from (I) to (HI), since both give rise on 
acetylation to the usual penta-acetyl glucose. 

At present the evidence of the p-toluenesulphonyl derivatives 
of (I) and (IH) throws little light on this view of the structure 
allocated to (III), although it is not inconsistent with it. Before 


the problem is finally decided, the toluenesulphonyl derivative of 
(III) will require further study. 


Experimental. 

1 : 2 : 3 : A-Tetm-acetyl {3-d -Glucose. — This substance was pre- 
pared by the action of hydrogen bromide, dissolved in glacial acetic 
acid, on 6-trityl 1:2:3: 4-tetra-acetyl p-d-glueose (Helferich and 
Klein, Annalen , 1926, 450, 219). Crystallisation from ether gave 
colourless needles, m. p. 127°, [ajf + 13° (c, 2-95 in chloroform). 
These constants and the properties of the substance are in complete 
agreement with those given by Helferich and Klein, but the m. p. 
and rotation are very close also to those of 2 : 3 : 4 : 6-tetra-aeetyl 

-glucose, which, when prepared from tetra-acetyl glucosidyl 
bromide by the method of Eischer and Delbriick (Ber., 1909, 42, 
2778), has m. p. 135°, [ajf + 16° (c, 0-87 in chloroform) ; [a]g° -1-5° 
(in ethyl alcohol; c, 1-17) — >- + 81° in 10 days. The two sub- 
stances are not, however, identical, since the m. p. of a mixture 
showed a depression of 20—25°. A similar depression was observed 
when either 1 : 2 : 3 : 4-tetra-acetyl p-d-glucose or 2 : 3 : 4 : 6-tetra- 
aeetyl p-d-glucose (m. p. 135°) was mixed with Helferich’s supposed 
1:2:3: 6-tetra-acetyl p-d-glucose, prepared from the 1 : 2 : 3 : 4- 
compound by the action of very dilute alkali. 
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Methylation of 1 : 2 : 3 : 4:-Tetra- acetyl $-d-Glucose. — A solution of 
1:2:3: 4- tetra- acetyl p-^-glucose (3 g.) in methyl iodide (8 c.c.) 
was boiled for 8 hours during the gradual addition of dry silver 
oxide (15 g.) which had been prepared from silver nitrate and 
barium hydroxide and very thoroughly washed. The product was 
extracted by boiling chloroform and, on removal of the solvent 
under diminished pressure, was obtained as a pale yellow viscid 
syrup (2*8 g.). After being kept for some weeks, this began to 
crystallise, the rate of crystallisation being increased when the syrup 
was rubbed with alcohol. The solid was then recrystallised from 
absolute alcohol, giving colourless needles, m. p. 104 — 106° (yield, 
0*6 g.); [a]g° — 18*5° (c, 1*62 in chloroform). The substance did 
not reduce boiling Fehling’s solution. It was identified by a mixed 
m. p. determination as tetra-acetyl p-methylglucoside, which has 
m. p. 104 — 105°; [a]’g° — 18*2° in chloroform (Found: C, 49*8; 
H, 6-5; OMe, 9*1. Calc, for C 15 H 22 O 10 : C, 49*7; H, 61; OMe, 
8*6%). 

The syrup left after removal of the tetra-acetyl p-methyl- 
glucoside gave OMe, 14-5%, from which it appeared that the 
methylation process had been accompanied by simultaneous de- 
acetylation. 

Methylation of 2:3:4: 6-Tetra-acetyl p-d -Glucose, — 2 : 3 : 4 : 6- 
Tetra-acetyl p- <2- glucose (4*2 g.) was dissolved by gentle heating in 
methyl iodide (15 c.c.). The solution was heated with silver oxide 
(10 g.) for 6 hours at 45°. The product (4*3 g.), which crystallised 
spontaneously, m. p. 96°, was mainly 2 : 3 : 4 : 6-tetra-acetyl 
P-methylglucoside. One crystallisation from alcohol gave pure 
material, m. p. 105° alone or when mixed with authentic 2 : 3 : 4 : 6- 
tetra-acetyl p-methylglucoside which had been prepared by the 
acetylation of p-methylglucoside. 

University of Birmingham, 

Edge aston. [Received, May 10 Hi, 1930.] 


CLXXXIIL — The Hydrolysis of Diacetyl-o-diamines . 

By Montague Alexandra Phillips. 

The view that o-diamines are produced as intermediates in the 
formation of benziminazoles by the hydrolysis of diacetyl-o-diamines 
( J., 1928, 2393) has now been shown to be only partly correct. The 
acid hydrolysis of 4-nitro-l : 2-diacetamidobenzene and of 5 -nitro- 
1:2: 4:4riacetamidobenzme proceeds in two directions with the 
formation of the benziminazole and, to a less extent, of 4-nitro-l : 2- 
diaminobenzene and 5-nitro - 1 : 2 : 4c4riaminobenzene respectively. 
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If the reaction is stopped when the acetyl compound is largely 
unchanged, a considerable quantity of the benziminazole, mixed 
with some diamine (or triamine) can be isolated ; at the completion 
of the hydrolysis, the proportion of ring compound to amine is 
unchanged, although the amounts are greater. When the reaction 
is continued, the amount of amine decreases at a rate independent of 
the concentration of the mineral acid and corresponding with the 
rate of reaction between the o-diamine and acetic acid in the 
presence of mineral acid ; a corresponding increase in the amount of 
cyclic compound occurs. 

Although the rate of hydrolysis in the first stage depends on the 
concentration of mineral acid, the proportion of o-diamine to the 
ring compound is independent of this. It is possible that the first 
stage involves hydrolysis to the monoacetyl derivative, especially 
as it has been shown (Phillips, J., 1928, 172) that o-aminoacetanilide 
is formed together with 2-methylbenziminazole by acid hydrolysis of 
diacetyl-o-phenylenediamine. Although no monoacetyl derivative 
was isolated in the hydrolysis of 4-nitro-l : 2-diacetamidobenzene, 
owing possibly to its lability, it was found that 4 -nitro- and 5-nitro- 
2-ami7ioacetanilides behave with boiling hydrochloric acid as does 
4-nitro-l : 2-diacetaraidobenzene, i.e., 4-nitro-l : 2-diaminobenzene 
and 5-nitro-2-methylbenziminazole are both produced and the latter 
increases in amount at the expense of the former as the reaction 
proceeds. 

When methyl-alcoholic hydrogen chloride is used as the hydro- 
lysing agent, acetic acid is removed as methyl acetate as it is formed, 
and the cyclic compound obtained must be produced from the 
diacetyl derivative (possibly, however, with the transient formation 
of monoacetyl derivatives). It is known that the ring compounds 
are stable to hot concentrated hydrochloric acid, hence the diamine 
also is formed from the diacetyl compound. At 80°, with 4-nitro- 
1 : 2-diacetamidobenzene, the proportion of 4-nitro-l : 2-diamino- 
benzene to the benziminazole was greater than that found in a 
similar hydrolysis with aqueous hydrochloric acid, and was unchanged 
after several hours; at 160°, the yield of the diamine was 96%. 
Analogous results were obtained with 5-nitro-l : 2 : 4-t»iacetamido- 
benzene. 

The use of methyl alcohol and the formation of methyl acetate 
would account for the formation of amino-ketones from diacyl- 
diaminoethylenes (Windaus, Domes, and Jensen, Ber ., 1921, 54 , 
2754) ; in the absence of the alcohol, it is probable that a glyoxaline 
would be formed. 

With diacetyl-o-phenylenediamine and hot hydrochloric acid, the 
reaction proceeds rapidly to give the benziminazole, no diamine 
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being found even with limited hydrolysis. However, by the use of 
methyl-alcoholic hydrogen chloride at 160°, i\W'-dimethyl-c>- 
phenylenediamine was obtained, no ring compound being detected. 

Taking into consideration all these facts, it is probable that the 
hydrolysis of diacetyl-o-diamines follows the course 

R-C 6 H 3 (NH-CO-CH 3 ) 2 — > N 

.B-C 6 H 3 <^>CMe 

R<3 e H 8 (NH- 2 )-NH-GO-OH 8 f ^hoac JNi± 

X H-C 6 H 3 (NH 2 ) 2 


The action of caustic alkali on the nitrodiacetyl-o-diamines 
proceeds in the same way, except that the proportion of nitro- 
diamine to cyclic compound is independent of the time of heating, 
since 4-nitro-l : 2-diaminobenzene is unchanged by sodium acetate 
and sodium hydroxide at 100°. With diacetyl-o-phenylenediamine 
and 25% caustic alkali solution, the ring compound only was 
detected. 

The reduction of 2 : 4-dinitroacetanilide, giving 4-nitro-2-amino- 
acetanilide, was accompanied by the formation of 5-nitro-2-methyl- 
benziminazole ; monoacetylation of 4-nitro-l : 2-diaminobenzene 
yielded, in addition to 5-nitro-2-aminoacetanilide, the same cyclic 
compound. Since the solution was alkaline (ammonia) in the former 
case and acid (acetic acid only) in the latter, it seems that the ring 
compound in both cases is formed directly from the initial material. 

In the 1-methylbenziminazole series, similar principles probably 
apply. Treatment of 4-nitro-2 -acetamidomethylaniiine with methyl- 
alcoholic hydrogen chloride gave a mixture of 5-nitro-l : 2-dimethyl- 
benziminazole and 4-nitro - 2 - aminomet hylaniline ; as before, both 
compounds must have been formed independently from the initial' 
material. With hot aqueous hydrochloric acid, no estimation of the 
rate of disappearance of the methylaniline derivative was recorded ; 
the time after which the pure cyclic compound was obtained, how- 
ever, corresponded with the time after which the pure cyclic com- 
pound was formed from the methylaniline derivative and acetic acid 
in the presence of a mineral acid. Shorter periods of heating gave a 
mixture of the cyclic compound and 4-nitro-2-aminomethylaniline. 

The nitration of 5(or 6)-acetamido-2-methylbenziminazole gives 
6(or 5)-nitro-5 ( or 6)-acetamido-2-methylbenziminazole, which was 
oriented by deamination of the corresponding &??wtto-compound, 
5(or 6)-nitro-2-methylbenzimiilazole being formed in good yield, 
1:2: 4-Triacetamidobenzene on nitration gives the 5-nitro-deriv- 
ative, which was oriented by conversion into 6(or 5)-nitro-5(or 6)- 
amino-2-methylbenziminazole. The orientation of 5-nitro-l : 2 : 4- 
triaminobenzene follows from this and also from its reduction to 
1:2:4: 5-tetra-aminobenzene (compare Nietzki and Hagenbaeh, 
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Ber., 1887, 20, 329). Reduction of 5(or 6)-nitro-6(or 5)-acetamido- 
2-methylbenziminazole gives 5(or 6)-ammo-6( or 5)-acetamido-2- 
methylbenziminazole ; this compound and 5(or 6)-diacetamido-2- 
methylbenziminazole on treatment with boiling dilute mineral acids 
pass rapidly into a-2 : 2'-dimethylbenzbisiminazole (compare Nietski 
and Hagenbach, loc. cit.), which is also obtained readily from 
1:2:4: 5-tetra-aminobenzene or 5 : 6-diamino-2-methylbenzimin- 
azole (compare KLym and Ratner, Ber., 1912, 45, 3249) by treatment 
with acetic and hydrochloric acids. In the presence of formic and 
hydrochloric acids, <x-2-methylbenzbisimvnazole is obtained from 
5 : 6-diamino-2-methylbe n zimin azole, and a-benzbisiminazole from 
the tetra - aminobenz ene ’ 

5(ot 6)-Nitro-2~meihylbenzimi7iazole-6(oT 5)-arsinic acid, prepared 
from 5(or 6)-nitro-6(or 5) -amino-2 -methylbenziminazole by the Bart 
reaction, gives the amino - derivative on reduction. 

Experimental. 

A-Nitro-2-aminoacetanilide. — 2 : 4-Dinitroacetanilide (10 g.) was 
boiled for 15 minutes with ammonium sulphide solution (6%, 
50 c.c.); on acidification to Congo-red with hydrochloric acid and 
addition of excess of sodium acetate to the filtered solution, 7 g. of 
mixed bases were obtained. By digestion with 2JV-caustic soda 
solution, 5-nitro-2-methylbenziminazole (3*8 g., m. p. 221°, crystal- 
lised from alcohol. Found: N, 23-6. Calc.: N, 23*7%) was 
extracted ; it was precipitated from the alkaline solution with acetic 
acid. The residue, after crystallisation from alcohol (80%), melted 
at 205° and was shown to be 4:-nitro-2-aminoacetanilide (1*8 g.). It 
was completely soluble in excess of dilute mineral acids, readily 
soluble in alcohol or acetic acid, and insoluble in water (Found : N, 
21*5. C 8 H 9 0 3 N 3 requires N, 21*5%). 

5-Nitro-2-aminoacetanilide. — 4-Nitro-l : 2-diaminobenzene (5*4 g.) 
was dissolved in 20 c.c. of water with 5 c.c. of hydrochloric acid 
{ d 1-16). On addition of acetic anhydride (10 c.c.), followed rapidly 
by excess of solid sodium acetate (until acidity to Congo-red was 
removed), the nitro-diamine was reprecipitated as a red solid ; this 
rapidly became yellow as it was acetylated. After 15 minutes, the 
solid was collected and digested with 2A r -caustic soda solution ; this 
removed 2*6 g. of 5-nitro-2-methylbenziminazole (m. p. 221° after 
crystallisation from alcohol. Found: N, 23*7%). The residue 
(1*6 g.) was crystallised from alcohol until it melted at 195° ; it was 
shown to be 5- nitro-2-aminoacetanilide by the solubility in mineral 
acids (excess), insolubility in alkalis, andanalysis (Found: N, 21*4%). 
It is sparingly soluble in cold alcohol and insoluble in water or ether, 
and is a much weaker base than the isomeric 4-nitro-derivative. 



PHILLIPS : THE HYDROLYSIS OP DIACETYL-0 -DIAMINES. 1413 

5(or 6)-NitroS(oT 5 ) - acetamido - 2 -methylbenziminazole . — 5(or 6)- 
Acetamido-2-methylbenziminazole (9 g.), mixed with potassium 
nitrate (5 g.), was added at 0 — 5° to sulphuric acid (60 c.c.) ; after 
1 hour, the mixture was poured into ice-water (1 1.) and basified at 
50° with 15% aqueous ammonia. The voluminous yellow mass was 
collected, washed with water, and crystallised from 50% alcohol 
(yield, 7*7 g. or 70%). No trace of isomerides was detected in the 
liquors. 5(or 6)-Nitro-6( or 5)-acetamido-2-methylbenziminazole forms 
orange-yellow needles, m. p. 235°, insoluble in boiling alcohol or cold 
water, soluble in about 10 parts of boiling 50% aqueous alcohol. It 
is readily soluble in caustic alkalis, mineral acids, and in dilute 
acetic acid^ from which it is reprecipitated by bases (Found : N, 
23*7. C 10 H 10 O 3 N 4 requires N, 23-9%). 

5(or 6)-Amino-6(oT 5)-acetamido-2-methylbenziminazole, obtained 
by reduction of the above nitro- compound with iron and boiling 
dilute acetic acid (see J., 1928, 174), consists of white needles, m. p. 
above 300°, moderately easily soluble in boiling water (Found : N, 
27-8. C 10 H 12 ON 4 requires N, 27*4%). The dihydrochloride is 
sparingly soluble in cold water (Found : Cl, 25-2. C 10 H 12 ON 4 ,2HC1 
requires Cl, 25-6%), and the triazole (Found : N, 33*0. C 10 H 9 ON 5 
requires N, 32*6%) forms prisms from boiling water, not molten at 
300°. 

5 : 6-Diacetamido-2-methylbenziminazole (compare Kym and 
Hatner, loc. cit.), obtained by the action of acetic anhydride on the 
above amino-compound, formed colourless needles, m. p. above 300°, 
from boiling water (Found : N, 22*7. Calc. : N, 22*8%). 

5-Nitro-1 : 2 : 4 -triacetamidobenzene. — 1 : 2 : 4-Triacetamidobenzene 
(15 g.) was mixed with potassium nitrate (6*6 g.) and added at 
5 — 10° to sulphuric acid (75 c.c.) ; after remaining for 1 hour at 10°, 
the mixture was poured on ice, and the nitro- compound collected and 
washed ; it crystallised from glacial acetic acid in yellow prisms (9 g.), 
m. p. 261°. The mother-liquor on concentration gave a further 2 g. 
of fairly pure nitro-compound, making the total yield 65%. This 
compound is sparingly soluble in hot alcohol and insoluble iq water 
(Found : N, 19*1. C 12 H 14 0 5 N 4 requires N, 19*0%). 

5-Nitro-l : 2 : 4-triaminobenzene, obtained, together with 5(or 6)- 
nitro-6(or 5)-amino-2-methylbenziminazole (see Table VI, p. 1417) 
by hydrolysis of the triacetyl derivative, crystallised in deep red 
needles, m. p. 210°, from aqueous alcohol. It is insoluble in alkalis 
and only slightly soluble in ether. 

5(or 6)-Nitro-6(or 5)-amino-2-methylbenziminazole, obtained by 
hydrolysis of its acetyl derivative, by the action of hydrochloric acid 
(Table VI) on 5-nitro-l : 2 : 4-triacetamidobenzene, or by the action 
of acetic anhydride and boiling dilute mineral acids on 5-nitro- 
3 b 2 
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1:2: 4-triaminobenzene, crystallised in red prisms, m. p. 292°, from 
alcohol. It is soluble in excess of caustic alkalis and readily soluble 
in mineral acids (compare Biedermann and Ledoux, Ber ., 1874, 7 , 
1532; Nietzki and Hagenbach, loc. cit.) (Found : N, 28*8. Calc. : 
FT, 29*2%). The hydrochloride consists of brown needles, sparingly 
soluble in water (Found : Cl, 15*3. CgHgOgN^HCl requires Cl, 
15*5%). The amino-group in this compound is very stable to hot 
concentrated aqueous alkalis. 

5(or 6)-Nitro-2-methylbenziminazole (yield, 70%) was obtained 
from 5(or 6)-nitro-6(or 5)-amino-2-methylbenziminazole by treat- 
ment of its diazo-compound with excess of boiling alcohol. 

5 : 6-Diamino-2-methylbenziminazole (Kym and Ratner, loc . cit.) 
was obtained as its dihydrochloride (Found : Cl, 29*9 ; 1ST, 23*9. 
C 8 H 10 N 4 ,2HC1 requires Cl, 30*2; N, 23*9%) by reduction of 6(8)- 
nitro-6(5) -amino-2-methylbenziminazole (3 g.) with boiling 5A-hydro- 
chloric acid (30 c.c.) and tin (8 g.). After removal of tin by hydrogen 
sulphide, the filtrate was evaporated to dryness under reduced 
pressure (yield, 70%). The triazole melted above 300° (Found : N, 
40*5. C 8 H 7 N 5 requires N, 40*5%). 

5(6) -Nitro-2-methylbenziminazole-6{5)-arsinic Acid. — 5(6)-Nitro- 
6(5) -amino-2-methylbenziminazole (7*5 g.) in 30 c.c. of water and 
30 g. of ice with 12 c.c. of lOA-hydrochloric acid was diazotised at 
0° with 3 g. of sodium nitrite. The diazo- solution was added at 50° 
to a sodium arsenite mixture prepared from arsenious oxide (5*4 g.) 
and sodium hydroxide (8*0 g.) in water (15 c.c.) to which 7 c.c. of 
2JV-copper sulphate solution had been added. After remaining for 
30 minutes at 60°, the reaction mixture was submitted to filtration 
and the filtrate was acidified to litmus, again filtered, and acidified 
faintly to Congo-red. The arsinic acid, obtained in 60% yield, 
formed pale yellow, hexagonal plates, not molten at 300°, from 
glacial acetic acid, in which it was sparingly soluble (Found : As, 
24*75; N, 13*7. CgHgOgNgAs requires As, 24*9 ; N, 13*9%). The 
calcium and magnesium salts are amorphous but the barium salt 
forms fine needles. The acid can be recovered unchanged after 
several hours’ boiling with 20% caustic alkali solution. 

On reduction of the nitro-acid by freshly precipitated ferrous 
hydroxide at 60°, a 65% yield of 5 (6)-amino-2-methylbe?iziminazole- 
6{5)-arsinic acid is obtained. The acid forms white needles, is 
amphoteric, and is remarkably stable towards boiling SA-hydro- 
chloric acid (Found: As, 27*8; N, 15*5. C 8 H 10 O 3 Kr 3 As requires 
As, 27*6 ; TS- 9 15*5%). The acetyl derivative forms colourless prisms, 
readily soluble in alkalis and mineral acids (Found : As, 23*7 ; N, 
13*2. C 10 H 10 O 4 N 3 As requires As, 24*0; 1ST, 13*4%). . 

1:2:4: 5-Tetra-aminobenzene tetrahydrochloride (compare 
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Nietzki and Hagenbach, be. cit.) was obtained by reduction of 
5-nitro-l : 2 : 4-triaminobenzene with tin and boiling 5N-hydro- 
chloric acid. It is sparingly soluble in cold water and on treatment 
of its aqueous solution with ammonia and acetic anhydride gives 
1:2:4: 5-tetra-acetamidobenzene (Found : N, 18*2. Calc. : N, 
18*3%). 

tx-Benzbisiminazole was obtained as an amorphous white solid, 
not molten at 300°, when 1 : 2 : 4 : 5-tetra-aminobenzene hydrochloride 
was treated with formic acid (lpart) and 5N -hydrochloric acid (5 
parts) for J hour at the boiling point, and the solution made alkaline 
with ammonia (Found : N, 35-0. CgHg]^ requires N, 35*4%). 

cc-2-Methylbenzbisiminazole. — 5 : 6-Diamino-2-methylbenziminazole 
dihydrochloride (2 g.) was refluxed for 30 minutes with 6 c.c. of 
5iV- hydrochloric acid and 2 c.c. of formic acid; on basification 
with ammonia the cyclic compound was precipitated. It is an 
amorphous solid, not molten at 300°, readily soluble in acids but 
not in caustic alkali (Found : N, 32*2. C 9 H 8 N 4 requires N, 32*6%). 

a-2 : 2'-Dimethylbenzbisiminazole was obtained (a) from 5 : 6- 
diamino-2-methylbenziminazole by the action of acetic and 5N- 
hydrochloric acids, (6) by the action of boiling SN-hydroehloric 
acid (5 parts) on 5 : 6-diacetamido-2-methyl- or 5(6)-amino-6(5)~ 
acetamido-2-methyl-benziminazole, and (c) by the action of acetic 
anhydride (2 parts) and boiling 5iV-hydrochloric acid (3 parts) 
on 1 : 2 : 4 : 5-tetra-aminobenzene hydrochloride. It is an amorphous 
white solid resembling its lower homologues in solubility, and is 
unmelted at 300° (Found : N, 30*3. Calc. : N, 30-1%). 

4-Nitro-2-aminomethylaniline was obtained in 60% yield by 
reduction of 2 : 4-dinitromethylaniline with aqueous ammonium 
sulphide solution. By the action of acetic anhydride on the dry 
solid or of sodium acetate on an aqueous solution of its hydrochloride, 
was obtained 4 : -nitro-2-a>cetamidomethylaniline i which crystallised 
from acetone in yellowrhombs,m.p. 185° (Found: N,20*l. C 9 H 11 0 3 N 3 
requires N, 20*1%) ; no trace of 4-nitro-2-acetamidomethylacet- 
anilide was formed even when a large excess of acetic anhydride 
was used. The difficulty of acetylating a methylamino-group in 
the o- or ^-position with respect to a nitro-group is also shown in the 
case of 2 : 4-dinitromethylaniline, which cannot be acetylated with 
acetic anhydride even in the presence of fused sodium acetate. 

Formation of S-Nitro-2-methylbenziminazole. — Before the quantit- 
ative work was undertaken, it was shown that the cyclic compound 
was stable to lON-hydrochloric acid at 160° and to boiling 50% 
sodium hydroxide solution, the recovery of unchanged material 
after many hours being almost quantitative in both cases. 

General method of estimation. Aliquot portions of the reaction 



1416 PHI LLIP S .* THE HYDROLYSIS OP DIACETYL-O-DIAMINES. 

mixture were withdrawn after various times, cooled rapidly, and 
treated with sodium acetate. The solids obtained were digested 
with excess of 2ZV'-caustic soda, and the nitro-diamine collected. 
The filtrate was acidified with acetic acid, and the cyclic compound 
filtered off. The combined mother-liquors were evaporated to 
dryness, and the residual solids extracted with acetone. The 
substance obtained by evaporation of the acetone was redigested 
with caustic alkali and separated into the same two compounds. 


Table I. — Formation of 5-nitro-2-me thylbenziminazole from 
4-nitro-l : 2-diaminobenzene, acetic anhydride (1 part), and hydro- 
chloric acid (5 parts) at the boiling point . 


2N-HCI. 


4N -HC1. 


Time 

% Nitro- 

% Rmg 

% Nitro- 

% Ring 

(mins.). 

diamine. 

eompd. 

diamine. 

eompd. 

15 

40 

54 

38 

50 

30 

24 

67 

20 

62 

45 

13 

70 

11 

77 

60 

5 

75 

5 

82 

75 

trace 

85 

trace 

85 

90 

nil 

80 

nil 

85 


10N-HC1. 

% Nitro- % Ring 
diamine, eompd. 

42 48 

27 60 

14 75 

5 80 

trace 86 

nil 85 


Table U. Formation of 5-nitro-2-methylbenziminazole from 
4-mtro-l : 2-diacetamidobenzene and hydrochloric acid (5 parts) at the 
boiling point. The method of estimation was as before, except 
that in the cases marked (a) the unchanged material was removed 
y tration after cooling and weighed and the estimation was 
performed on the filtrate. In the following tables, (a) has this 
significance and (b) indicates complete hydrolysis as shown by 
complete solution. 


Time 

2.W-HC1. 

% Nitro- % Rina 

(mins.). 

diamine. 

eompd. 

5 

— * 

. — 

7 . 


_ 

10 





15 





18 

*11 (a) 

22 (a) 

30 

27 (b) 

67 (b) 

45 

20 

72 

60 

10 

80 

75 

5 

87 

90 

nil 

90 


4N -HCI. 

% Nitro- % Ring 
diamine, eompd. 


t 6(a) 

14 (a) 

+ 19 (a) 

30 (a) 

23 (b) 

64 (b) 

11 

80 

6 

90 

1 

92 

nil 

94 


10N-HC1. 

% Nitro- % Ring 
diamine, eompd. 
29 (b) 60 (b) 


19 70 

8 80 

4 90 

nil 93 


Unchanged material : *55%, f75%, +42%. 


Table HI. Formation of 5-nitr o -2 -methylbenziminazole from 
mtro-1: 2-diacetamidobenzene and 25% caustic alkali solution . 


Time, (mins.) 5 

% Nitro-diamine ..................... 4 

% Ring compound .***’ 32 


30 

5 

85 


60 180 

6 4 

78 83 
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Table IV. — Formation of 5-nitro-2-methylbenziminazole from 4- and 
5-nitro~2-aminoacetanilide and 4N -hydrochloric acid . (5 ‘parts ) at the 
boiling point. Owing to the sparing solubility in cold mineral acids of 
these two bases, it was found possible approximately to estimate the 
amounts of unchanged material after limited action of the mineral 
acid (a) by a method analogous to that employed for the acid 
hydrolysis of 4-nitro-l : 2-diacetamidobenzene. 


From 4-nitro - c ompound . From 5-nitro-compound. 


Time 

% Nitro- 

% Bing 

% Nitro- 

% Bing 

(mins.). 

diamine. 

compound. 

diamine. 

compound. 

1 

*19 (a) 

47 (a) 

f22 (a) 

50 (a) 

5 

32 (b) 

51 (b) 

30 (b) 

60 (b) 

15 

10 

84 

12 

72 

30 

— 

— 

4 

79 

60 

nil 

92 

nil 

83 


Unchanged material : *24%, f20%. 


Table V. — Formation of 5-nitro-2-methylbenziminazoh and of 
4:-nitro-l : 2-diaminobenzene from 4:-nitro-l : 2-diacetamidobenzene and 
20% methyl-alcoholic hydrogen chloride (5 parts). The nitro-diamine 
and acetic acid do not react in the presence of methyl-alcoholic 
hydrogen chloride, methyl acetate being formed. 


At the boiling point (atmospheric pressure). 


Time (mins;). 

% Unchanged. 

% Nitro-diamine. 

% Ring compound. 

(a) 10 

58 

15 

17 

(b) 30 

— 

38 

47 

60 

— 

35 

50 

180 

— 

40 

52 


At 160°. 4-Nitro-l : 2-diacetamidobenzene (2 g.) was heated in 
a sealed tube for 3 hours at 160° with 20% methyl-alcoholic hydrogen 
chloride (10 c.c.) ; on dilution with water (20 c.c.) and basification 
with dilute caustic soda solution, 1-2 g. (96%) of 4-nitro-l : 2-diamino- 
benzene were obtained. No trace of - the cyclic compound was 
found in the acidified filtrate. 


Table VI. — Formation of 5($)-niiro-ft(5)-amino-2-methylbenzimin~ 
azole from 5-nitro-l :2 : 4-triacekimidobenzene and hydrochloric acid 
(5 parts ) at the boiling point. 



2N-HC1. 

4N-HC1. 

20% Methyl-alcoholic 
hydrogen chloride. 

Time 

% Nitro- 

% Bing 

% Nitro- 

% Bing 

% Nitro- 

% Ring 

(mins.). 

diamine. 

compd. 

diamine. 

compd. 

diamine, 

compd. 

2 

— 

— 

*10 (a) 

42 (a) 

— 

— 

5 

— 

— 

— 

— 

tl2 (a) 

52 (a) 

6 

— 

— 

23 (b) 

67 (b) 


— 

12 

20 (b) 

64 (b) 

— 

— 

— 

15 

— 

— 

8 

83 

15 (b) 

80 (b) 

30 

8 

79 

trace 

89 

17 

78 

60 

(nil) 

87 

nil 

91 

15 

80 


Unchanged material : *40%, f20%. 

Formation of Benziminazole and of 2 - M ethylbenziminazole from 
o-Phenylenediamine , Formic Acid (1 part) or Acetic An - 
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hydride (1 part), and 4N -Hydrochloric Acid (5 parts) at the Boiling 
Point . — Aliquot portions of the reaction mixture were periodically 
withdrawn, rapidly cooled, and treated with sodium nitrite; the 
triazole corresponding to the unchanged diamine w r as then pre- 
cipitated. The filtrate from the triazole on basification with dilute 
aqueous ammonia gave the cyclic compound ; a further quantity was 
obtained by concentration of the filtrate. 

Table VII. 

Benziminazole . 2-Methylbe?iziminazole. 

Time % Ring % Ring 

(mins.). % Diamine. compound. % Diamine. compound. 

5 39 55 45 50 

15 12 SO 20 70 

30 nil 95 nil 87 

Formation of 2-Methylbenziminazole from Diaceiyl-o-phenylene - 
diamine and Hydrochloric Acid (5 parts) or Caustic Alkali at 
the Boiling Point. — When 2N- or 4 N- acid had been used, examin- 
ation of the solution for diamine (or o-aminoacet anilide) by means of 
nitrous acid gave, even after short periods of treatment, traces 
only of the triazole and more than 80% yields of the ring compound. 
The use of 25% caustic alkali solution gave similar results. 

Formation of NN' -Dimethyl- o -phenylenediamine . — Diacetyl-o- 
phenylenediamine (2 g.) was heated at 160° for 3 hours in a sealed 
tube with 20% methyl-alcoholic hydrogen chloride (10 c.c.). The 
blue solution was basified; extraction with ether and removal 
of the solvent gave 0*4 g. of W'-dimethyl-o-phenylenediamine, 
m. p. 34° after crystallisation from acetone. No cyclic compound 
could be isolated. 

j Formation of 5-Nitro- 1 : 2-dimethylbenziminazole. — The separation 
of amine from ring compouiid recorded below was done by fractional 
crystallisation from alcohol. 

Table VIII. 

Formation from Anitro-2- 

aminomethylaniline 3 acetic Formation from ^nitron- 
anhydride (1 part) and 4N- acetamidomethylaniline 



hydrochloric 

acid at the 

and AN -hydrochloric acid 

Time 

boiling point. 

% Bing 

at the boiling point . 

% Ring 

(mins.). 

Am me. 

compound. 

Amine. 

compound. 

5 

Present, not 
estimated 

71 

— 

— 

15 

— 

— 

Present, not 
estimated 

60 

30 

Present, not 
estimated 

60 

» r» 

64 

45 

Trace 

70 

Trace 

78 

60 

Nil 

85 

Nil 
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Formation of 5-Nitro- 1 : 2-dimethylbenziminazole from 4:-Nitro-2- 
acetamidomethylaniline and Methyl-alcoholic Hydrogen Chloride 
at the Boiling Point — 4-Nitro-2-acetamidomethylaniline (5 g.) and 
20% methyl-alcoholic hydrogen chloride (25 c.c.) were boiled under 
reflux for 1 hour and the mixture was evaporated to dryness. The 
residue, dissolved in water (10 c.c.) and Altered, was basified with 
ammonia and the bases (3-1 g. ; 70%) were fractionated from 70% 
alcohol, giving 1*8 g. (40%) of 5-nitro-l : 2-dimethylbenziminazole - 
and 0*4 g. (12%) of 4-nitro-2-aminomethylaniline. 

[Research Laboratories, Messrs. May & Baker, Ltd., 

Wandsworth, S.W.18. [Received, March 26th , 1930.] 


CLXXXIV . — The Sulphonation of m-Chlorophenol and 
Some New Halogenophenols. 

By Herbert Henry Hodgson and Arnold Kershaw. 

The monosulphonation of ra-chlorophenol, whether hot or cold, gives 
almost entirely 3 - chlor ophenol - 6 - sulphonic acid. On the current 
electronic theory this result was to be anticipated, since the normally 
less intensely activated 4-position is deactivated by the general effect 
of the 3-chloro-substituent (compare Hodgson and Jenkinson, J., 
1929, 469). With the more powerful kationoid reagent, oleum, 
disulphonation takes place in the 4- and 6-positions. 

The solubilities of the salts of 3-chlorophenol-6-sulphonic acid 
resemble those of the corresponding sulphates, viz., Ca>Sr>Ba, 
and Na>K, and the calcium salt is unique in forming a hydrate. 

The tetrahydrated barium salts of the 4 : 6-disulphonic acid and 
of its 2-halogeno-derivatives are of interest from the co-ordination 
standpoint, and it is suggested that two of the molecules of water are 
co-ordinated with the barium atom by means of oxygen atoms and 
that each sulphonic acid group is co-ordinated by means of its 
negatively charged oxygen atoms with the hydrogen atoms of a 
molecule of water (compare Sidgwick, “ Electronic Theory of 
Valency,” 1927, pp. 192 and 195). 

3-Chloro-2 : 4-dibromo-6-nitrophenol is obtained in two crystalline 
forms according to the method of preparation, viz., elongated 
needles by the dibromination of 6-nitro-3-chlorophenol, and stout 
prisms by the nitration of 3-chloro-2 : 4-dibromophenol. Though 
interconvertible, each form could be recrystallised from alcohol 
without change of habit. It is tentatively suggested that the two 
forms are an example of Kekule’s ortho-isomerism. 
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Experimental. 

M onosulphonatim of Z-Chlorophenol at 100° and at the Ordinary 
Temperature. — 3-Chlorophenol (12 g.) and concentrated sulphuric 
acid (20 g.) were heated together for 8 hours on the water-bath, the 
mixture was then poured into water (1000 c.c.), and the solution was 
heated on the water-bath while it was being made neutral to Congo- 
red by addition of barium carbonate. The residue after filtration 
was extracted several times with boiling water (1000 c.c. in all) and 
the solution obtained, combined with the filtrate above, was evapor- 
ated to dryness, leaving the barium salt (26 g.) of the sulphonic acid 
(yield, theoretical). The salt was decomposed by dilute sulphuric 
acid, the solution evaporated to small bulk, and the remainder of the 
water removed in a vacuum desiccator containing calcium chloride ; 
colourless prisms of 3-chlorophenol-6-sulphonic acid were obtained 
containing a variable quantity of water of hydration. The con- 
stitution of the acid has already been deduced by the authors (J., 
1929, 2923). The same results were also obtained when the sul- 
phonation was conducted at room temperature. 

The following salts are prepared by adding the corresponding 
carbonates to solutions of the acid until these are neutral to Congo - 
red : The potassium salt forms anhydrous prisms (Found : C, 
28-9; H, 1-7; Cl, 14*4; K, 16-0. CgH^ClSK requires C, 29*2 ; 
H, 1*7 ; Cl, 14*4 ; K, 15*9%). The sodium salt is much more soluble 
in water than the potassium salt, and separates from this solvent in 
anhydrous, minute, elongated prisms (Found : Cl, 15*6 ; Na, 10*2. 
C 6 H 4 0 4 ClSNa requires Cl, 15*4; Na, 10*0%). The ammonium salt 
crystallises in large stout prisms (Found : Cl, 15*9 ; S, 14*5. 
C 6 H 4 0 4 C1SNH 4 requires Cl, 15*7 ; S, 14*2%). The barium salt forms 
anhydrous, short, stout prisms which are sparingly soluble in water 
[Found: C, 26*2; H, 1*6; Ba, 24*6. (CeH 4 0 4 ClS) 2 Ba requires C, 
26*1; H, 1*4; Ba, 24*8%]. The strontium salt separates from 
water, in which it is more soluble than the barium salt, in anhydrous 
flat prisms [Found : Sr, 17*1. (C 6 H 4 0 4 ClS) 2 Sr requires Sr, 17*3%. 
0*2195 G. gave 0*3339 g. of mixed silver chloride and strontium 
sulphate ; required, 0*3291 g.). The lead salt crystallises in anhydr- 
ous prisms which are easily soluble in water [0*2490 g. gave 0*2991 g. 
of mixed precipitates (see below); required, 0*3016 g.]; The 
monohydrated calcium salt separates from water, in which it is 
readily soluble, in flat rectangular prisms [Found : C, 30*0 ; H, 
2*4; Cl, 15*0; Ca, 8*6. (C 6 H 4 0 4 ClS) 0 Ca,H 2 0 requires C, 30*4; 
H, 2*1 ; a, 15*0; Ca, 8*5%]. 

Analytical Note. — The above salts were analysed for carbon and 
hydrogen by admixture with lead chromate and combustion in a 
stream of oxygen in a tube packed with lead chromate. Very few 
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gave stoicheiometric results, but those obtained are recorded. In 
other cases the amounts of mixed silver halides and insoluble 
sulphates obtained by the Carius method are given, and also the 
percentage of metal estimated as sulphate. 

Halogenation of 3-Ohlorophenol-Q-sulphonic Acid. — (a) Dichlorin- 
ation . Barium 3-chlorophenol-6-sulphonate (14 g.) was dissolved in 
water (1000 c.c.), and the theoretical amount of a freshly prepared 
solution of barium hypochlorite added. After 12 hours, the mix ture 
was neutralised with sulphuric acid, and the filtered liquid evaporated 
to small bulk; barium 2 : 3 : 4:4richlorophenolS-$ulphonate then 
separated in good yield as flat rhombs sparingly soluble in water 
[Found : Ba, 20*1. (C 6 H 2 0 4 Cl 3 S) 2 Ba requires Ba, 20*2%]. The 
dihydrate of this salt separated on one occasion in very long prisms 
[Found : Ba, 19*25. (C 6 H 2 0 4 Cl 3 S) 2 Ba,2n 2 0 requires Ba, 19*0%. 
0*1225 G. gave 0*1849 g. of mixed precipitates (see above) ; required, 
0*1849 g.]. 

2:3: 4 -Trichlorophenol is obtained by heating the above salt in 
aqueous sulphuric acid (80%) during the passage of steam, in which 
it is volatile ; it crystallises from light petroleum in elongated needle- 
like prisms, m. p. 79° (Found: Cl, 53*7. C 6 H 3 0C1 3 requires Cl, 53*9%). 

2:3: 4-Trichloroanisole , obtained from the phenol by the action 
of methyl sulphate and sodium hydroxide solution, crystallises from 
alcohol in long, flat, rectangular prisms, m. p. 69*5° (Found : Cl, 
50*3. C 7 H 5 OCl 3 requires Cl, 50*3%). 

(b) j Dibromination. Barium Z-chloro-2 : 4c-dibromo-§-sulphonaie di- 
hydrate was obtained by the action of bromine (2*5 c.c. ; 8 g.) on 
barium 3-chlorophenol-6-sulphonate (7 g.) dissolved in water 
(500 c.c.). The solution obtained was made neutral to Congo-red 
with barium carbonate, filtered, and evaporated to small bulk; 
the product then crystallised in very long prisms sparingly soluble 
in water [Found: Ba, 15*1. (C 6 H 2 0 4 ClBr 2 S) 2 Ba,2H 2 0 requires 
Ba, 15*2%. 0*1225 G. gave 0*2260 g. of mixed precipitates; required, 
0*2338 g.]. 

The potassium salt separates from water, in which it is sparingly 
soluble, in anhydrous, thin, flat plates (Found : C, 17*8. 
C 6 H 2 0 4 ClBr 2 SK requires C, 17*8%. 0*1116 G. gave 0*1430 g. of 
mixed silver halides ; required, 0*1432 g.). 

The sodium salt was obtained in clusters of anhydrous flat plates 
(Found : Na, 6*0. C 6 H 2 0 4 ClBr 2 SNa requires Na, 5*9%, 0*2542 G. 
gave 0*3400 g. of mixed silver halides; required, 0*3320 g.). 

The above salts are extremely stable and very difficult to hydro- 
lyse, as they crystallise unchanged from hot concentrated sulphuric 
acid ; the free acid, however, is easily hydrolysed under the same 
conditions. 
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3-Chloro-2 : i-dibromophenol was prepared by heating for 8 hours 
on the water-bath a mixture of 3-chlorophenol (65 g.) and concen- 
trated sulphuric acid (12 g.), then pouring it on ice (30 g.) and adding 
bromine (16 g.). After 4 hours, a small quantity (less than 1 g.) of 
3-ehloro-2 : 4 : 6-tribromophenol which had separated was removed 
and the filtrate was hydrolysed in steam ; the 3-chloro-2 : 4-dibromo- 
phenol (9-5 g.) which passed over crystallised from light petroleum in 
long colourless prisms, m. p. 88° (0-2228 g. gave 0-4062 g. of mix ed 

silver halides ; required, 0-4039 g.). Its constitution was established 
by nitration to 3-chloro-2 : 4:-dibromo-6-nitrophenol as follows : the 
phenol (9 g.), dissolved in glacial acetic acid (20 c.c.), was treated 
gradually, whilst ice-cold, with a solution of nitric acid (1-8 c.c. ; 
d 1*5) in glacial acetic acid (7 c.c.). The mixture was kept over-night 
and the 3-ehloro-2 : 4-dibromo-6-nitrophenol was then precipitated 
by the addition of water (500 c.c.), and crystallised from alcohol 
(yield, 8-0 g. ; 76%) ; m. p. 90° (0-2143 g. gave 0-3470 g. of mixed 
silver halides ; required, 0-3504 g.). The product was identical 
(in. p. and mixed m. p.) with that obtained by treating 3-chloro-6- 
nitrophenol (3 g.), dissolved in glacial acetic acid (15 c.c.) with 
bromine (2-4 g.). ’ 


d-Ohloro-2 : 4,-dibromoanisole, prepared by the usual method, 
crystallises from alcohol in very long, flat prisms, m. p. 92° (0-2312 g. 
gave 0-4019 g. of mixed silver halides ; required, 0-3996 g.). 

Z-Chloro-2 : 4 : 6-tribromoanisole is obtained by bromination of the 
previous product in glacial acetic acid, and also by methylation of the 
corresponding phenol (see above). It crystallises from alcohol or 
acetic acid m long needles, m. p. 92° (0-1409 g. gave 0-2643 g of 

mixed silver halides; required, 0-2620 g.). 

^\ Dl ' l °d matl0n - Z-Chloro-2 : d-di-iodophenol-S-sulphonic acid 
tnhydrate is obtained from the corresponding barium salt (see below) 
by treatment with dilute sulphuric acid, the solution being then 
evaporated to small bulk and the acid precipitated by means of 
concentrated hydrochloric acid ; it forms long flat prisms, m p 167° 
(shghtde co m p .)(Found ; S,6-7. C 6 H 3 0 4 C1I 2 S,3H 2 0 requires S, 6-2%. 
0 -3-8 G. gave 0-2764 g. of mixed silver halides ; required, 0-2774 g ) 
The tetrahydrated barium salt was obtained when barium 3-chW 
phenol-6-sulphonate (10 g.), powdered iodine (20 g.), precipitated 
mercuric oxide (8 g.), alcohol (60 c.c.), and water (20 c.c.) were shaken 
together for 30 minutes. After removal of the excess iodine by the 
gradual addition of sodium bisulphite solution, the whole mixture was 
evirated to dryness, the residue extracted with boiling water 
(300 cc.), and barium chloride (2 g.) added to the filtered extract; 
when this was-then evaporated to 100 c.c., the sparingly soluble salt 
was obtained m Ions? thin TITOms Amr J-J'J. i • i 
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separate with the product may be removed by extraction with boiling 
alcohol [Found : Ba, 12*1. (C 6 H 2 0 4 ClI 2 S) 2 Ba,4H 2 0 requires Ba, 

12-17%]. (Mercuric iodide is definitely soluble in hot water, and 
may be steam-distilled from hot sulphuric acid, passing over in the 
yellow form which subsequently becomes red.) 

Z-Chloro-2 : 4z-di-iodophenol, obtained from its 6-sulphonic acid 
(above) by hydrolysis, crystallises from light petroleum in long 
prisms, m. p. 111-5° (0-1329 g. gave 0-2161 g. of mixed silver halides ; 
required, 0*2144 g.). 

Z-Chloro-2 : A-di-iodoanisole, readily obtained in the usual way, 
crystallises from alcohol in somewhat stout prisms, m. p. 105° 
(0*1715 g. gave 0-2701 g. of mixed silver halides ; required, 0-2667 g.). 

Disulphonation of Z-Chlorophenol. — Barium Z-chlorophenolA : 6- 
disulphonate tetrahydrate is obtained when 3-chlorophenol (12-8 g.) 
is added gradually to oleum (75 g. ; 27% S0 3 ) with cooling, the 
mixture kept over-night, then heated for 2 hours on the water-bath, 
poured into water (1000 c.c.), rendered neutral to Congo-red by 
addition of barium carbonate (about 10 g.), and the filtered solution 
evaporated to dryness. It is a white powder, which, like the salts of 
the other sulphonic acids described later, is very soluble in water, in 
marked contrast to the sparing solubility of the barium salts of the 
6-monosulphonic acids described above. The product crystallises 
from water in clusters of minute short prisms (Found : Ba, 27-4. 
C 6 H 3 0 7 ClS 2 Ba,4H 2 0 requires Ba, 27-7%). 

Halogenation of the above Barium Salt and Preparation of the 
2-Halogeno-Z-chlorophenols. — -(a) Chlorination . Barium 2 : 3 -di- 
chlorophenolA : : §-disulphonate tetrahydrate is obtained when the 
foregoing barium salt (24 g.), dissolved in water (500 c.c.), is treated 
with the theoretical quantity of freshly prepared barium hypochlorite 
solution, the mixture kept over-night and neutralised with sulphuric 
acid, and the solution filtered and evaporated to dryness. It 
crystallises from w r ater in clusters of long prisms (Found : Ba, 26-2. 
C G n 2 0 7 Cl2S 2 Ba,4H 2 0 requires Ba, 25-9%). 

2 : 3-Dichlorophenol, prepared from the above product in 70% 
yield by the usual procedure for the elimination of sulphonic acid 
groups, forms a mass of prisms on solidification after distillation, 
m. p. 58°, b. p. 206° (Found : Cl, 43-5. Calc. : Cl, 43-6%). 

2 : Z-Dichloro-4 : : 6-dibromophenol is readily obtained by direct 
dibromination of the above phenol and separates from glacial acetic 
acid in colourless needles which rapidly become opaque; m. p. 90° 
(0-1581 g. gave 0*3230 g. of mixed silver halides ; required, 0-3266 g.). 

2 : 3-Dichloro-4c : 6-dibromoanisole crystallises from alcohol in long 
needle-like prisms, m. p. 82° (0-1324 g. gave 0*2623 g. of mixed silver 
halides; required, 0*2621 g.). 
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(b) Bromination. 3-Chlorophenol (12*8 g.) was disulphonated as 
above, the solution diluted with water (100 c.c.) and treated with 
bromine (16 g.), and the resulting solution hydrolysed to give the 
corresponding phenol or diluted to 1000 c.c. and neutralised with 
barium carbonate, etc., as above. 

Barium Z-chloro-2-bromophenolA : 6-disulphonate tetrahydrate 
crystallises from water in small prisms (Found : Ba, 24*0. 
C G H 2 0 7 ClBrS 2 Ba,4H 2 0 requires Ba, 23*8%. 0*1615 G. gave 0*1541 
g. of mixed precipitates ; required, 0*1558 g.). 

3-ChtorO‘2-bromophenol is obtained in 75% yield as above and 
crystallises from light petroleum in large stout prisms, m. p. 55*5°, 
b. p. 225° (0*2438 g. gave 0*3892 g. of mixed silver halides ; required, 
0*3910 g.). 

Z-Ghloro-2-bromoanisok, obtained by the action of methyl sulphate 
and sodium hydroxide on the above phenol, crystallises from alcohol 
in long colourless plates, m. p. and mixed m. p. with a specimen 
prepared from 3-chloro-2-aminoanisole (Hodgson and Kershaw, 
loc , cit.), 50°. 

A solution of 3-chloro-2-bromophenol (7 g.) in ice-cold glacial 
acetic acid (7 c.c.) was treated with nitric acid (3*5 c.c. ; d 1*5) in 
glacial acetic acid (4 c.c.). After 12 hours, steam distillation removed 
the volatile 3 -chloro^-bromo-G-nitrophenol, which crystallised from 
light petroleum in small yellow prisms, m. p. 98*5° (0*0755 g. gave 
0*0990 g. of mixed silver halides; required, 0*0991 g.), leaving 
behind the non-volatile S-chloro^hromoA-nitropheriol, which crystal- 
lised from dilute alcohol in fine, almost colourless, needles, m. p. 136° 
(0*1949 g. gave 0*2601 g. of mixed silver halides ; required, 0*2569 g.). 

(c) Iodination . Barium Z-chloro-2-iodophenolA : 6-disulphonate 
tetrahydrate was prepared by stirring for 1 hour a mixture of barium 
3-chlorophenol-4 : 6-disulphonate (13 g.), finely powdered iodine 
(7*6 g.), precipitated mercuric oxide (3*3 g.), alcohol (50 c.c.), and 
water (50 c.c.), during which period most of the iodine disappeared. 
The alcohol was then boiled ofi, and the residue extracted with 
boiling water (200 c.c.) ; the filtered extract on slow evaporation 
gave the product in small rectangular prisms (Found : Ba, 22*4. 
C 6 H20 7 ClIS 2 Ba,4Ho0 requires Ba, 22*1%. 0*1814 G. gave 0*1745 g. 
of mixed precipitates; required, 0*1783 g.). 

Z*Chloro~2-iodophenol was prepared by hydrolysis of the above 
disulphonate and also by the action of potassium iodide on diazotised 
3-chloro-2-aminophenol. It crystallises from light petroleum in 
colourless needles, m. p. 56° (Found : 0*1107 g. gave 0*1692 g. of 
mixed silver halides, required, 0*1646 g.). 

Colour Reactions of the JSulphonic Acids with Ferric Chloride , — 
An aqueous solution of 3-chlorophenol-6-sulphonic acid gives a violet 
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colour with ferric chloride, and the salts give similar but deeper 
colours. The colours are not produced in concentrated acid solutions. 

The halogeno- derivatives of the above acid give bluer colours than 
the parent acid, all the halogens having approximately the same 
effect : the nitro-derivatives give brownish-red colours. 

3-Chlorophenol-4 : 6-disulphonic acid and its salts give red colours : 
the halogeno- and nitro-derivatives have similar effects on the shades 
as in the case of the monosulphonic acids and salts. 

The authors desire to thank the Department of Scientific and 
Industrial Research for a grant to one of them (A. K.), and the 
British Dyestuffs Corporation for gifts of chemicals. 
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CLXXXV. — A General {Exact) Equation to the Potentio - 
metric-titration Curve . 

By Bernard Cavanagh. 

Section 1. 

In a previous paper (Part II; J., 1928, 855) an exact equation was 
obtained, on thermodynamic grounds, representing the whole 
potentiometric-titration curve in all cases where {a) the analytical 
reaction consists in the combination of two ions of like valency to 
form a substance of constant activity such as a precipitate, and 
(6) the indicator electrode behaves as a “ soluble electrode ’Howards 
either of these ions. Essentially of the tractable form, 

X = sinh U ...... (1) 

(where U and X represent distance from the equivalence point in 
terms of potential and of quantity of reagent, respectively), this 
equation was used in developing certain highly refined methods of 
titration. It will now be shown that both the equation and the 
methods arising out of it can be generalised. A system involving 
both analytical and electrode reactions of the most general type 
yields, under equilibrium conditions, a titration curve exactly 
represented by an equation of the form 

X = sinh U (2) 

where sinh U = l{e aU — e~P u ) (3)* 

afi 

* This equation could be written in the form sinh U — e 2 ^ sinh 

a{3 2 * 

and similarly for other hyperbolic functions of U , but the formulae would 
be, not only cumbersome, but less direct in their physicochemical significance. 
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and a and p are . two simple numbers characteristic of the system 
(see Section 3, and Fig. 1). 

Between the function defined in (3) and the corresponding cosine 
and other functions (see Section 4) many of the inter-relations of 
the ordinary hyperbolic functions hold good (for fixed values of 
a and p), while others assume a more general form. These relations 
facilitate the derivation of methods of refined titration essentially 




Derived curves , corresponding with those of Fig. 1. [Graphs of the function h -1 sech (g -f- arcsinh X), i, 

hr 1 seek (g + U).] a£ aj3 
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similar to those already described, but with the advantage of general 
applicability. 

By means of these methods, not only is the sensitivity, or absolute 
precision, obtainable from the accepted reactions very much in- 
creased, but also other reactions should become available for 
analytical purposes which otherwise would not be sufficiently 
sensitive. Incidentally the same methods also provide an accurate 


Abscissae (X) correspond exactly with those of Fig. 1. Ordinates represent rate of change of potential, 
dUjdX {i.e. } the slope of the corresponding curve in Fig. 1), the unit being RTIFH, or about 25 jH 
millivolts/c.e. 
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means of determining equivalence-point potentials and reaction 
constants (compare Part II, p. 870). 

The rigorous deduction of the general titration-curve equation 
appears to be especially useful in providing a sound basis for the 
quantitative study of all the various analytical and electrode 
reactions that are now available or may yet be discovered. In so 
far as such study is to be anything more than mere empiricism, it 
must rest upon the assumption and the attempted realisation of 
equilibrium conditions, and this is the only assumption on which 
the following deduction is based. 

Section 2. Deduction of the Equation . 

This deduction may be effected concisely and yet with strict 
generality by adopting the device of writing the chemical and 
thermodynamic equations in an algebraic manner, such that no 
formal distinction need be made between products of the reactions 
and reactants other than the two principal reactants. Pour abstract 
or typical molecular symbols will then suffice to represent all 
possibilities, whereas otherwise eight at least would be necessary. 
The procedure at this stage may be illustrated by a concrete case. 

The reduction of iodate ion by (aqueous) sulphur dioxide in 
strongly acid solution has recently been studied potentiometrically 
(Hendrixson, J. Amer. Chem. Soc., 1925, 47, 1319; the author 
actually used a solution of sodium sulphite, but in effect this was 
the same as adding aqueous sulphur dioxide, since a large excess of 
acid was present), and shown to proceed in two clearly separated 
stages. Considering only the first of these, the analytical reaction 
is 

2I<V + 5S0 2 + 4H 2 0 = I 2 + 5S0 4 " + 8H* . . (4) 

Iodate ion and sulphur dioxide are the two principal reactants; 
the latter, being the added substance, may conveniently be called 
the “ reagent,” and the former the “ titrated substance.” In 
order to avoid needless repetition, the word “ substance ” will be 
taken to include ionic or molecular species throughout this paper, 
and similarly the expression “ g.-mol.” will cover “ g.-ion.” 

Before the first addition of reagent, the only electrode reaction is 

100 + 210/ + 12H* = I 2 + 6H 2 0 ... (6) 

(where the symbol © represents one faraday of negative electricity), 
but when once the titration has commenced there is the alternative 
electrode reaction 

- 100 + 5S0 2 + 10H 2 O = 5S0 4 " + 20H* . . (6) 

obtained by subtracting (51 from (41. These emiAtinns must nnw 
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be re-written in the algebraic manner convenient for the present 
purpose by transferring the symbols of the “ subsidiary reactants,” 
i.e., all save the two principal reactants, to the right-hand sides with 
change of sign, thus : 

10© + 2ICV = I 2 - 12H # + 6H 2 0 . . . . (7) 

- 10© + 5S0 2 = 5S0 4 " + 20H* - 10H 2 O ... (8) 

2I03 7 + 5S0 2 = I 2 + 5S0 4 " + 8IT - 4H 2 0 . . (9) 

and the corresponding thermodynamic equations (for equilibrium) 
can be written logarithmically in an entirely parallel manner, the 
algebraic signs being retained. 

We now revert to the general treatment. Representing the mole- 
cular or ionic symbols (in the abstract) by capital letters, and taking 
A as the titrated substance, and B as the reagent, we express the 
alternative electrode reactions quite generally by the equations 

+ v0 + aA — EpP (10) 

v© 6B = EtjfQ (11) 

the small letters representing numerical coefficients, of which those 
on the right, typified by p and q, may be either positive or negative 
as in equations (7) and (8). From the latter it is also seen that the 
symbols represented by P, Q, etc., are not necessarily all different. 
The equation for the analytical reaction is obtained from (10) and 
( 1 1 ) by addition, giving 

a A + bB = EpP + 'LqQ .... (12) 

and the three thermodynamic equations corresponding to (10), 
(11), (12), respectively, are then written in terms of the equivalent 
concentrations C A) C Bl etc., the activity coefficients y A , y B , etc., and 
the measured potential E . It is convenient to adopt the convention 
that the direction in which E changes dwring titration is taken as the 
negative direction , thus avoiding alternative signs, and we have 

vFJRT ,(E 0 — E) + a log C A y A = Zp log C B y P . . . (13) 

- vF/RT.(E' 0 -E) + blogC 3 y B = SglogC QrQ . . . (14) 

— log K + a log C A y A + b log C B y B = 

S# log Cpyp + 'Zq log 0 Q y Q . . (15) 

in which logarithms (as throughout this paper) are to the base e ; F, 
R , and T have their usual significance ; and the three constants, 
E 0 , E' 0) and K } are connected by the relation 

log K = vF/RT . (E ' o - E 0 ) . . . . (16) 

These equations express the assumption of equilibrium conditions. 

Now suppose (as in Part I, J., 1928, 843, and Part II, Zoc. cit) that 
at any given stage of the titration, M c.c. of the reagent solution are 
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still required in order to reach the exact equivalence point. Thus 
M may be positive or negative, but in any case, to know M is, from 
the experimental point of view', to know the result of the titration. 
If n is the normality of the reagent solution (which may or may not 
be known) then the excess of the titrated substance at this stage is 
evidently Mn mg.-equivs.* 

In order to show how adsorption by precipitates (if any) would 
affect the titration curve, a coefficient, 0 A , is now introduced, 
representing the ratio of the amount of A present in solution ( i.e ., 
not adsorbed) to the total amount present (compare Part I, p. 848) ; 
a similar coefficient, 0 B , relates to B. 

Then if V c.c. is the volume of the solution at this stage, the total 
amount (mg.-equivs.) of A in the vessel is VC A /0 A , and similarly 
that of B is F<7 B /0B 3 >nd since the excess of A is Mn mg.-equivs., 

Mn=VC A /0 A -VC B fQ B .... (17) 

The remaining steps, by which C A and (7 B are eliminated and the 
result is reduced to a tractable form, will be plain if three constants 
a, (3, Eq, and tw'o other quantities, H and G (not in general constant, 
but independent of C A and ( 7 B ), are first defined by the equations 


aa = 6(3 = v 

(a -f- $)E 0 = aE Q + $E' 0 . . . . (18) 

(a -f- P)(t = log {y^jy A ^ A ) + log Opyp — E~ log C Q y Q . (19) 

(b 0 

(a +' b) log (nH/2V) = log K — a log y A 0 A — b log y B 0 B + 

'Ey? log Cpy P + Sg log (7 Q y Q . . . . (20) 

Then, from equations (13), (14), (15), and (17), the general titration- 
curve equation connecting M and E is obtained in the form 

MjH = smh*[(F/RT)(E - E Q ) + G] . . . (21) 

aft 

and, since this is identical with equation (2), 

X ~ M/H . (22) 

U=(F/RT).(E-E 0 ) + G . . . . (23) 


Prom equations (19) and (20), G and E are seen to depend on the 
concentrations of the products and subsidiary reactants (if any), 
the adsorption and activity coefficients, and (in the case of E) the 
volume of the solution. Their complexity and probable variation 
might appear, at first sight, to render impracticable the general 

* Ordinary usages have been adhered to as far as possible, but it is plain 
that the reagent might be measured in other units — in g. of solution, or of 
the pure substance B, or of some compound of B, etc. — so long as n is defined 
as the number of mg.-equivs. of B per unit. 
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application of the equation and of the methods of titration based 
upon it, but this is not the case. In using these methods, variation 
in H and G can be accurately allowed for by applying a predeter- 
mined additive correction to the measured potentials (see Section 7), 
after which the procedure is exactly as if H and G were strictly 
constant during a titration. 

The volume H c.c. is, as it were, a “ natural ” unit-quantity of 
the reagent solution, in terms of which X represents distance from 
the equivalence point. Since U vanishes with X (i.e., at the 


equivalence point), 

E e = E o - BTG e IF (24) 

17 = F(E ~E e )]RT + (G- G e ) . . . (25) 


where E e and G e are the equivalence-point values of E and G. But 
the difference (G — G e ) is either negligible or is made so by the 
application of the corrections just mentioned, so that essentially U 
represents distance from the equivalence point in terms of the unit 
BT/F (= 25-00 millivolts at 17-0°). 

Section 3. Characteristic Forms of the Titration Curve . 

The Electrode-valencies . — Some examples of the curves represented 
by the general equation (2), are exhibited in Fig. 1. The inter- 
section of the axes represents the point of exact equivalence, and the 
positive direction of X is towards the left, so that the progressive 
addition of the reagent is represented by moving from left to right, 
as is customary in titration diagrams. 

The forms of the curves will be better appreciated when considered 
in conjunction with the corresponding curves (Fig. 2), in which 
dU jdX is plotted against X. It is noticeable that the maxima in 
Fig. 2, and correspondingly the points of inflexion in Fig. 1, do not 
occur at the equivalence point except in the symmetrical cases where 
a = p. Actually (see Section 4) they occur where (oc + P)# = 2 log 
(p/a). Any one of the curves in Fig. 1, when rotated about the 
origin through 180°, coincides with the curve obtained by inter- 
changing a and p. 

The parameters a and p, which characterise the curves, are by 
definition equal to the ratios v/a and v/6 respectively, and from 
(13) and (14) it is seen that 1 g.-mol. of the titrated substance 
“ reacts ” with v/a faradays of electricity in one of the electrode 
reactions, while in the other, 1 g.-mol. of the reagent reacts with 
v Jb faradays. 

For instance, in a precipitation reaction, with an indicator 
electrode behaving as a “ soluble 55 electrode towards either of the 
precipitated ions, a and p would be the valencies of the two ions. 
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More generally, therefore, the term “ electrode- valency ” may be 
used to signify the number of faradays of electricity reacting with 
1 g.-mol. of a given substance in a particular electrode-reaction. 
Thus a and (3 are the electrode- valencies of A and B in this system. 

In many cases, though not all, the electrode-valency is simply the 
ratio of the molecular weight to the equivalent weight ordinarily 
used in volumetric analysis. For instance, it is 5 for the permangan- 
ate ion and 1 for the ferrous ion, with a platinum electrode, the 
electrode reactions being 

5© + Mn0 4 ' = Mn ’ + 4H 2 0 - 8H’l 
— 5© + 5Fe" = 5Fe" f * * 1 ' 

Similarly, intheiodate titration (p. 1429), equations (7) and (8) show 
that the electrode- valencies of the two principal reactants, iodate 
ion and sulphur dioxide, are respectively 5 and 2. On the other hand 
in GreefFs titration of fluoride ion by ferric ion, as applied potentio- 
metrically by .Treadwell and Kohl (Helv. Chim. Acta , 1925, 8, 500), 
the electrode-valency would not be equal to the ratio of the mole- 
cular weight to the ordinarily accepted equivalent weight, for here 
the alternative electrode reactions are 


© + Fe"*= Fe" 1 

- © + 6F' = (FeF 6 )'" - Fe M 


(266) 


whence the electrode-valencies of ferric and fluoride ions would be 
1 and respectively. 


Section 4. Some Mathematical Properties of the Curves. 

The curves in Fig. 1 are graphs of the function sinh U for various 

a P 

assigned values of the parameters a and (3. If the positive directions 
of both axes of co-ordinates are reversed, the curves then represent 
the complementary function sinh U , for 

0a 

— sinh (— U) = ^{eP v — e^) — sinh U . . (27) 

ajS 0a 

Correspondingly, there are two complementary cosine functions, 
cosh TJ — cosh (— U) = |(e aC7 + er& u ) . . (28) 

a0 0a 

and the other functions are obtained from these according to the 
usual conventions, e.g ., tanh JJ = sinh V/cosh U, and sech U — 
1/cosh U. afi a > 3 a ‘ 8 

a0 

: If, now, the purely numerical constants, (a^ 3 j3 a ) 1 /<a+0) and 
are represented by h and g respectively, the first 
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derivative of si n h U (or dX/dU) can be written in the form 

a/3 

ft cosh (£7 + g)> and it is the reciprocal of this, i.e. } dU jdX or 

at 3 

ft- 1 sech (U + g), which is plotted against X in Fig. 2. Similarly, 
the first derivative of cosh U is ft sinh {U + g), and it follows that 

aj 3 a0 

the second derivative of sinh U is ft 2 sinh (TJ + 2 g). Thus each 

aft ajS 

curve in Fig. 1 has a point of inflexion where U = — 2g and 
X = — sinh 2 g. This is the point of maximal slope and sensitivity 

0a 

(see Section 9), the maximal value of dU \dX being ft" 1 sech g . The 

0a 

following table shows the values of these characteristic constants 
for several types of curve. In the last column the quantity 50 g is 
tabulated, being the distance of the point of inflexion from the 
equivalence point in millivolts at 17° (i.e. } RT/F . 2 g). 


a. 

fi- 

h. 

9- 


( d ~) 

\dU ) min. 

(*£) 
\dXJ m ax. 

JE e — 

1 

1 

1 

0 

0 

1 

1 

0 

2 

1 

1*26 

0*231 

0*59 6 

H9 2 

0*83g 

ll-5 6 

3 

1 

1*31 6 

0*274 7 

0*77 

M5 s 

0*86 5 

13*7 a 

5 

1 

1*30 8 

0-268o 

0*82 2 

1-02. 

0*97 5 

13*4 

6 

1 

1-29, 

0*256“ 

0*81 2 

0-97 5 

1*02 6 

12*8 

2 

2 

2 

0 

0 

2 

0*5 

0 

3 

2 

2*35 2 

0*081 x 

0*38 4 

2*30j 

0*434 

4*0 6 

5 

2 

2*59 8 

0*131 

0*70 9 

2*36 

0*424 

6*5 b 

1 

i 

0*215 3 

1*535 8 

0*81 2 

0*162 6 

6*16 

76*7 9 


Interchange of the values of a and p in any case alters the sign 
of X ia &, g, and of E e — E ia£t , but makes no other difference. 

( dX\ 

jjjJ min., or ft cosh g, always approximates 
in value to the smaller of the two electrode-valencies. 

Section 5. General Application of Method I. 

Equation (2) has two limiting forms, 

X = Je aZ7 . ...... (29) 

-X = \e~W (30) 

valid respectively for large positive and large negative values of 
TJ. One or other of these will be accurate to 1% as regards X, 
unless TJ lies between the limits ± (log 100)/(a + p) ; and the 
region defined by these limits, some 230/(a + p) millivolts in extent, 
within which the incompleteness of the analytical reaction exceeds 
1%, may be referred to as the “ equivalence region/ 9 Outside 
this region Method I is applicable and the result of the titration 
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can be determined from a single change of the potential E, without 
knowledge of E e , E 0 , G, or H, as follows. 

Fully written, equation (29) is equivalent to 


RT , nM 




(31) 


■w hich is therefore valid at all points or stages outside and before the 
equivalence region. Consider two such points, (E, M) and (E', M'), 
separated by s millivolts and m c.c. of reagent solution (compare 
Part I, Section 4). Suppose that at the earlier stage, (E\ M'), the 
amount of the (typical) subsidiary substance P in the titrated 
solution is nM t mg.-equivs. [all equivalents being reckoned accord- 
ing to the chemical equation (12)], then if the volume of the solution 
is V c.c., 


= + ™ A- 


nM' 

V' 


RT p . nM P 

«F S « log ~W Ys 


(32) 


Now, on the addition of m c.c. of the reagent solution, not only is 
the amount of the titrated substance diminished to nM mg.-equivs., 
but the volume of the solution is increased to V c.c., and also the 
amount of the subsidiary substance, P, is either increased or de- 
creased by mn mg.-equivs., according as this substance is, on the 
w o e, a product or a reactant in the analytical reaction (i.e., not 
merely according as p is positive or negative). 

At the later stage, therefore, assuming for the present (see Part I, 
Sections 2 and 7) that change in the adsorption and activity co- 
efficients can be neglected, 


* " + § log 5* y A - § S f log 


y P 


where E = (E' — .), M = (M’ — m ), and V = (V' + m). 
by subtraction, 


(33) 

Then, 


G 

where 




A t 

a 


(34) 


= RTjF . log (1 4 - m/M) ....... (35) 

as, = RT/F . log (1 + m/V') = - RT /F . log (1 - mjv) .' (36) 

= RTjF . log (1 £ m/M?) . . . ... . . {37) 

T he effect of the change in the amount of A is represented by **, 
^ e , the of the simultaneous changes in the “subsidiary 

conditions (the volume of the solution and the amounts of the 
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subsidiary substances) are represented by the remaining terms on 
the right of equation (34). In this sense & m is the value of the 
measured potential change “ corrected to constant subsidiary 
conditions,” and the correction terms, e v , s P , etc., are to be found 
from the tables provided in Part I (toe. cit.). It is obvious that, as 
indicated in Part I, changes in the adsorption and activity coefficients 
(if not negligible, as assumed) could be corrected for in an entirely 
similar manner. The result of the titration then follows from the 
relation 

M = «*) (38) 

[see Part I, Table I and equations (22) and (26)]. 

In Part I, the use of the dilution term s y is fully demonstrated, 
a convenient procedure being indicated in Section 12, and a type of 
case being discussed in Section 8, in which this correction is elimin- 
ated owing to the fact that hp/a is equal to unity. The latter 
section includes an example of a correction of the s P type, P being a 
product of the reaction (ferric or titanic ion). In this case, on the 
assumption that P is absent at the commencement of the titration, 
Mj> is accurately known, being simply the number of c.c. of reagent 
solution already added before the further addition of the m c.c. 

On the other hand, in many cases P will be a substance present in 
considerable excess, M? will be large in comparison with m, and there- 
fore only a rough estimate (if any) of its magnitude will be required 
in order to determine the very small correction, s P . An example of 
this would be hydrogen ion as a subsidiary substance in most 
oxidation-reduction titrations. In short, it is plain that in any 
particular case, under suitable conditions, the correction of the 
measured potential changes will readily be reduced to a simple 
routine. 

One special advantage of Method I is that it makes use of less than 
one half or side of the titration curve, being independent of the 
equivalence region as well as of all that part of the curve beyond 
it. This is notably useful in the titration of mixed solutions ( e.g ., 
a mixture of halides), where the curves corresponding to the suc- 
cessive reactions overlap and truncate one another. Nevertheless, 
if the second half of the curve happens to be available, it may be 
utilised in essentially the same way, the full form of equation (30), 
valid here, being 

-S=-.E 0 ' + |Jlog^yB93-||2|logC ft y, . (39) 

If (E, M) and {E r \ M") are the two successive stages, both beyond 
the equivalence region, and separated by s' millivolts and m' c.c* 
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of reagent solution, so that E " = (jg7 — s'), M " = (-M — m'), and 
3/ is negative, we find 

s' = « « - s', (1 ~ Sg/6) (40) 

where pe% = BT/F . log (1 + m'/V) ... . . (41) 

|k' m = iJT/J.log(l + J^). . . . (42) 

and therefore — M = m f . /(( Bs' m ) (43) 

No correction term of the s P (or e Q j type occurs here, because the 
chemical reaction has ceased and the quantities of the subsidiary 
substances are not changing. 

It has been assumed, so far, that B is the only significant substance 
(apart from the solvent) introduced by means of the reagent solution. 
If, however, the latter contains also appreciable quantities of any 
of the subsidiary substances, or of compounds capable of reacting 
with the latter (for examples, see Section 11), this merely involves 
obvious modifications in the form of the subsidiary-conditions 
correction, for it remains true, in general, that the changes in these 
conditions are proportional to the quantities of reagent solution 
added. 

In using Method I, should the stage (E, M) be allowed to fall 
within the equivalence region, the result of the titration will be too 
high if obtained from the first half of the curve, and too low if from 
the second half. If Jf app . is the erroneous value of M so found, the 
error in the former case is approximately [H and the 

same with a and p interchanged in the latter case. In either case, 
an alternative formulation of the error is -Ma PP . -/[(«+ $)($ ~ 

Thus, approximate knowledge of either H or E e would permit the 
correction of this error if not too large. Such procedure, of course, 
would really constitute a crude form of Method II. 

Section 6. General Forms of Methods II and III. 

Apart from its special advantages, the absolute precision of Method 
I is higher than that attainable under the most favourable conditions 
by the customary potentiometric methods. Sometimes, however 
(as when dealing with unusually dilute solutions or with an analytical 
reaction of low inherent sensitivity), it may be desirable to seek the 
appreciable increase of precision which is, in general, to be obtained 
by making use of a stage nearer to the point of inflexion than is 
permissible in Method I. Of the two distinct methods of so doing, 
Method H makes use of only one half or side of the titration curve, 
but requires some knowledge of the unit E, whereas Method III 
requires no knowledge of E but utilises both halves of the curve. 
Properly applied, either method yields the highest absolute precision 
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obtainable with a given experimental system. Potentiometric 
methods of the “ absolute 55 type (see introductory remarks in 
Part I) should theoretically yield the same maximal precision, but 
in practice this is not realised because the absolute values of the 
measured potential are not nearly so accurately reproducible as 
are the differences or changes on which alone the differential methods 
depend. 

Method II. — Consider, as in the last section, two successive 
stages (E\ M') and (E, M) } separated by s millivolts and m c.c. of 
reagent solution ; but suppose, now, that the second stage lies within 
the equivalence region, so that the limiting form (31) is not valid 
at this stage. Applying, instead, the general equation, we may 
write 

Af/tf == sinh £7 (44) 

a£ 


where V is defined by equation (23). 

At the earlier stage the measured potential has the value E', or 
(E + e), but this is, in effect, “ corrected ” to a value (E + e w ), 
in the manner to be explained in the following section, whereupon 
both H and G may be treated as constants ; hence, using the same 
value of H as in (44), 


(M + rn)jE — sinh (U + u) . 

where u — FfBT . e m 

Now the following identity can easily be verified, 
sinh (U -f u) — sinh U = sinh u . cosh (U + <t>) • sech </> . 

afi a]8 afi a{3 aj3 

where (a + p )<f> — log 

/( as ?n) 

or, for large values of e m , 

(“ + P)^~ aU +/(P e »i) — /(«e m ) . . . 

IXU 


(45) 

(46) 

(47) 

(48) 

(49) 

(50) 


Thus, if equation (48) is written in the form 

sech (U + <f>) = (Hjm) sinh u . sech <j> . . (51) 

and coupled with equation (44), it is apparent that when m and e 
have been measured and H is known, M may be obtained by the 
use of a parallel table of the functions sinh and sech in a manner 

ajS afi 

essentially similar to that described in Part II (pp. 862, 863). The 
corresponding curves shown in Pigs. 1 and 2 would be a (less accurate) 
substitute for such tables since there is no objection to dividing both 
sides of equation (51) by h . Alternatively, of course, suitable 
3 o 
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diagrams, after the maimer of those shown in Part II (Pigs. 1 and 
2), could be constructed. 

Method III. — Introducing a third and later stage (E'\ M ") beyond 
the equivalence region and separated from the second stage by 
s' millivolts and on' c.c. of reagent solution, and supposing as before 
that the correction of Section 7 is applied, the measured potential 
(E — s') being corrected to ( E — s' Wi )> then we have 

{M - m')jH - sinh (£7 - u') . . . (52) 

where u' = FjRT . «'* .... (53) 

Between the three equations (44), (46), and (53), both H and U can 
be eliminated, and the following exact equation obtained, 

m cosech u — w! cosech u 1 

M & a - 

coth u + coth v! — cosech u — cosech u' * K J 

a, 3 afi afi fia 

For large values of u and u', such as will in practice be used, equation 
(54) can be reduced to the much more convenient approximate form 

M^ == m ./(«*) — w! ./( ps'm) . . . (55) 

The error involved in this approximation is of the order of 
magnitude of 

(m — m' + 2 Jfapp.) ./(ae m + . . . (56) 

and so is negligible when e m and z m are both large. 

Equations (29) and (30) of Part II are complicated by the terms 
involving V which there represent (approximate) allowance for 
volume change, but on omitting these terms and (in compensation) 
altering s and s' to z m and s' m , we see that these equations represent 
the special case where a = (5 = 1 (see examples in Section 7). 

Section 7. Correction for Variation in H and G. 

It is essential to the increased precision of Methods II and III, 
as compared with Method I, that the stage (E, M) should lie within 
the equivalence region, so that equation (33), for example, no longer 
holds good. Nevertheless, the additive corrections (described in 
Section 5) for change in the subsidiary conditions are still essentially 
valid, being equivalent in effect to making H and G constant, 
with the values they attain at the stage (E, M). For, consider again 
the stage (E\ M') which is outside and before the equivalence region, 
so that equation (32) still applies. If, now, without altering the 
amount {nM mg.-equivs.) of the titrated substance, we could alter 
the subsidiary , conditions, the volume from V f to F, and the amount 
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of the subsidiary substance P from nM P to n(M* ± m) mg.-equivs., 
etc., it is obvious that E' would be altered to 

U'(corr.) = W - e 0 (l - - s2 Er . . (57) 

where s„ and e P are defined by equations (36) and (37). Now, at 
the stage (E } M) the subsidiary conditions actually are F, and, to 
a close approximation, n(M? ± m), etc., the error of the latter 
approximation (due to the incompleteness of the analytical reaction) 
being only \nHe~& u 3 which may be neglected in comparison with 
nM?. In other words, E f (corr.) is the value the potential would 
possess at the stage {E f , M') if the subsidiary conditions {and therefore 
H and G) had those values which they actually attain at the stage (E, M). 

Since E f = {E + *0, we may write 

tf'(carr.) = {E + z m ) (58) 

where s m is defined by equation (34). In an exactly similar manner, 
it can be shown that if e' m is defined by equations (40) and (41), the 
value which the potential would possess at the stage {E", M") 
(which is beyond the equivalence region), if H and G still had those 
values which they actually attained at the stage (E, M), is 

jB"(corr.) = [E — e' m ) . .... (59) 

In applying these corrections, it is usually convenient to adopt 
the procedure indicated in Part I, Section 12, correcting the 
measured potentials to some simple round value of each subsidiary 
condition. It is true that such correction is artificial as applied to 
the stage {E, M) because the latter is in the equivalence region, 
and the corrected value of E will not be the value it would attain 
if the subsidiary conditions were altered to the stated round values. 
Nevertheless, if E is corrected in the same manner as E r , the differ- 
ence between these corrected values will be e m , as defined above. 
And similarly, if E is corrected in the same manner as E", i.e., as if 
it were beyond the equivalence region, then the difference between 
the corrected E and E" will be e' m as defined above. 

Por example, take the simple case of the chloride titrations 
recorded in Part II (p. 868). As explained there, the E.M.F. of 
the silver chloride-quinhydrone cell used is doubly affected by di- 
lution when the chloride is in marked excess, and is unaffected by 
dilution when the silver ion is in excess. In this case, therefore, 
equations (34) and (40) assume the special forms 

= s — (2BT/F) . log F/F' 
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Now if W is corrected to some convenient volume, such, as 100 c.c., 
it becomes (say) E' a by addition of a correction of the first form, 

Corr. (a) = (2BT/F) . log F'/lOO (60) 

E' a = E' + (2ETIF) . log 77100 . . . (61) 

and if JS7 is c< corrected 9 5 in the same manner, 

E a — E + (2 ET/F) . log 7/100 
then, by subtraction, 

E'a — E a = e — (2JRT/F) . log 7/7' = 

On the other hand, E" is corrected to any convenient volume by 
the addition of a different form of correction, which in this particular 


case is zero, 

Corr. (b) = 0 (62) 

E" h = E" (63) 


and, of course, on “ correcting 99 E in the same way and subtracting, 
E b - E" b = s' = 

For the sake of comparison, two of the titrations recorded in 
Part II (Examples 1 and 2, p. 868) are worked out below according 
to the newer and generally applicable procedure, which will be seen 
to be also much simpler arithmetically. In order to make the 
examples more generally illustrative, the second form of correction 
[Corr. (&)] is explicitly stated and applied, although in this special 
case it happens to be zero throughout. 

j Example 1. 1000 C.c. of Nj 1000-KC1 titrated by V/100-AgNO 3 
(actually known to be equivalent to 98*5 c.c. of AgN0 3 , but titrated 
as if only known to be stronger than N /2000) ; temp. ~ 14*5°. 

The application of Method III begins at Stage II, when 85 c.c. 
of silver nitrate have already been added in applying Method I. 
The latter method having shown that between 13 and 14 c.c. are 
still required to reach equivalence, two successive additions of 
13 c.c. and 12 c.c. respectively are made, and the potentials at 
Stages III and IV measured. The three measured potentials are 
corrected to 17°, and then the first and second are corrected to 
1000 c.c. volume in the manner (a) [see equations (60) and (61)], 
and the second and third to any convenient volume in the manner 
(6) [see equations (62) and (63)], and e m and s' m are obtained by 


subtraction. 








7 

Corr. 

Corr. 

E 




Stage. 

1000 * 

(a). 

(*>)• 

(espt.). 


JS 

JZfc. 

n 

I«085 

4*0 5 


172*2 

173*6 6 

177*7 


ni 

1*098 

4*G 5 

0 

118*1 

119*1 

123*7 6 

119*1 

IV 



0 

58*3 

58*8 


68*8 


By subtraction 53*9 6 60*3 
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Then, to find M at Stage III, and hence M 0 : 

771 sa 13 € m = 53*9 5 /(e m ) = 0*I30 2 rn.f{e m ) — 1*69 3 

m' = 12 <=',» = 60-3 /(e' w ) = 0*098 5 m' ./(e' w ) - M8 a 

By subtraction, M — 0*51 
and by addition of 98*0, M 0 = 98*51 

Example 2. 100 C.c. of iV/1000-KCl titrated by iV/1000-AgN0 3 
(actually known to be equivalent to 98*5 c.c. of AgNO s , but titrated 
as if only known to be stronger than 2V/4000) ; temp. ^ 20°. 

The procedure is essentially as in Example 1, except that two 
stages (III and IV) within the equivalence region are used, in turn, 
as the stage ( E , M), so that two results are obtained which are 
then averaged. 

For the purpose of the dilution correction, 100 c.c. is taken as a 
convenient round value of the volume. 



V 

Corr. 

Corr. 

E 




Stage. 

100* 

(a). 

(6). 

(expt.). 

JS7i r- 

E a . 

E b . 

II 

1*75 

28*0 


190*4 

188*5 

216*5 


III 

1*96 

33*6 5 

0 

139*8 

138*4 

172*0 5 

138*4 

IV 

2*00 

34*6 5 

0 

120*5 

119*3 

153*9 6 

119*3 

V 



0 

68*4 

67*7 


67*7 





By subtraction 5 

70*7 

51*6 

(i) To find M at Stage 

III, and 

hence M 0 

: 



til ss 21 

Cm 

- 44*4 6 

/(«•) 

= 0*2034 

m 

./(«») = 

4*27j 

m' = 29 

e'w* 

= 70*7 

/(*'»») 

= 0*0629 

m 


1-82* 


By subtraction, M = 2*45 
By adding 96*0, M 0 — 98*45 


(ii) To find M at Stage IV, and hence M 0 : 

m - 25 c* = 62*5 S f(* m ) = 0*0892 6 m ./(c m ) - 2*23! 

m' = 25 = 51*6 f( € ' m ) = 0*1454 m' . /(*',*) « 3*63 s 

By subtraction, M = —1*40 
By adding 100*0, = 9S-60 

Average of two results in Example 2, M 0 = 98*52 s . 

In Example 2, the values of Corr. (a) are seen to be large, but this 
does not mean that it will be liable to introduce appreciable errors 
into the result of the titration, or that the subsidiary condition V 
needs to be very accurately known, for it is only the change in Corr. 
(a) — amounting to 6*65 millivolts in all — which affects the corrected 
difference s w . 

Section 8. Complete Temperature Correction . 

If, as in the above examples, the measured potentials are 
multiplied by (290/jP), this has the effect of multiplying the differ- 
ences s and s' by the same factor, which makes allowance for the 
fact that the unit {RT]F) is proportional to the absolute temperature. 
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This is all that is required so long as the temperature does not vary 
much during a titration. 

In working at temperatures other than “room temperature,” 
however, considerable fluctuations are not easily avoided under 
practical conditions for titration. Even if a thermostat is used 
it is very troublesome to keep the reagent at the same temperature, 
while, if it is not so kept, time is lost after each addition in waiting 
for temperature equilibrium. It is therefore quicker and simpler 
to make no attempt to maintain a fixed temperature, but to read 
the thermometer at each stage and apply a complete temperature 
correction in the following manner. 

For such variation as will occur during a titration both E 0 and 
E'q may be assumed to depend linearly on the temperature. This 
means that if the temperature coefficient of the potential E is 
measured at any stage outside the equivalence region, the quantity 
(E — T . dEjdT) will be found to possess one or other of two vajues, 
say E 00 and E' m — the former at any stage before the equivalence 
region, the latter at any beyond it. Two such measurements will 
therefore suffice to determine these two constants, which are all 
that we require for the purpose of the complete temperature 
correction. 

If T\ T, and T" are the temperatures of the system at the 
successive stages (E', M r ), (E, M)> and (E'\ M”) in Method III, 
it is easily shown that when the potential changes, e and s', are 
corrected for the variation of temperature during titration, as well 
as for the value of the unit, MT/F, they become 

s i7° = 29O(-0' Eqq)/T' — 290(E — Eq Q )/T . . (64) 
e ' 17 . = 290(^7 - E' 00 )fT - 29000" - E'w W . (65) 

so that for differential purposes 290 (E'-~ E^/T' and 290(1?"— E' 00 ) / 
T n may be used as temperature- corrected values of E' and j 0" 
respectively, while E has two such values — one 290(i? — E 00 ) /T, 
as if it were before the equivalence region, and the other 
29 G(j0 — E'qq)IT, as if it were beyond that region. There is here 
an obvious analogy in principle with the procedure discussed in 
the latter part of Section 7. If e 17 . is re-written in the form 

Hr = - E m ) + E w ) -Ej . . ( 66 ) 

its derivation will be obvious, and it will be seen that the accuracy 
of the correction depends on the assumption that (E' — E m ) is pro- 
portionaTto the absolute temperature over some range including 
I* and T* but not necessarily including 290° Abs. That it does not 
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depend on accurate knowledge of will be seen if e 17 . is again 
re-written as 


s 17° 


290 

T 


+ . . (67) 


since the coefficient of E 00 is small. Similar considerations apply 
to s' ir . 


Section 9. Precision of the Generalised Method . 

Writing U' for (U + u), and using the abbreviations A sech and 
A tanh for the positive differences [sech (£7 + g) — sech ( U' + g)] 

aft aft 

and [tanh (U' + g) — tanh (U + g)] respectively, we may formulate 

aft aft 

the error dM of a titration by Method II as follows : 


-dM = 


Eh 
A sech 


du + 


A tanh 
A sech 


(cosh g)dH 


(68) 


where du and dH represent (small) errors in u and H. Under the 
conditions of highest sensitivity, when U~ — 2 g and u is large, 
this reduces to 


dM 

h . cosh g 

fta 


H . du -j- 


dH 


. . (69) 


and it has been seen (Section 4) that h. cosh g is approximately equal 

P a 

to the smaller of the two electrode- valencies. 

Similarly, writing U" for (U — u') } and A' sech and A' tanh for 
the analogous positive differences, due regard being paid to the fact 
that u and ul have opposite signs, we derive the following equation 
for the error of a titration by Method III : 

dMVk sech A ' sech ~| __ du' __ du .. 

Hh LA tanh * A' tanh J A' tanh A tanh ' ^ 

which is the generalised form of equation (37) of Part II. 

Under optimum conditions, when TJ ~ — 2 g and both u and u' 
are large, equation (70) reduces to 

dM ^ ocdu' — $du v 

Hhcoshg~ a+f ( ) 


showing that (under these conditions) equal and opposite errors in 
u and u' will have the same effect as a single error of the same 
magnitude as either in u in Method II. The precision of Method II, 
however, depends also on the correctness of the value assigned to 
H. Thus from equation (69), — dMJdH would be approximately 
equal to either unity or a/p according as a is greater or less than 
p, i.e . 9 it would not be greater than unity and might be much less. 
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Of course, Method II, like Method I, can be applied to the second 
half of the curve if this is available. For this case equation (68) 
would be modified in an obvious manner, and instead of equation 
(69) we should have 


dM , 
h cosh g ' 

Ro. 


I H.du' + 


dH 


(72) 


showing that the maximal sensitivity is the same, but dMjdH is 
now (approximately) equal to either unity or p/a. 


Section 10. An Alternative Geometrical Form of Method I. 

The Straight-line Method. — If, as in Section 7, E a represents the 
value of the measured potential when “ corrected ” in the manner 
proper to any stage before the equivalence region, then equation 
(31) is equivalent to E a = constant + HT/aF. log M. The (un- 
known) constant may be written in the form — RT/<xF. log h, and 
E a in the substituted form RT/aF. log y, whereupon the equation 
reduces to hy = M = M 0 — (M 0 — M), where y is equal to 

e (aFIRT)E a ^ 

If, then, the corrected potential at each stage is plotted on a 
suitable exponential scale , against the number of c.c. of reagent 
present, the successive points will lie on a straight line, which cuts 
the axis at a point indicating the result of the titration. Thus 
two points or stages suffice to determine the result (the more 
accurately if they are well separated), but also, owing to the ex- 
ponential scale, it will be found that the determination becomes very 
much more certain as the final measurement more nearly approaches 
the equivalence point, provided always that it do not fall within the 
equivalence region. All this corresponds exactly with the conditions 
of precision in the ordinary or algebraic form of the method. 

The geometrical form, however, provides a useful general method 
for investigating new or uncertain systems, since if a number of 
points are plotted (instead of merely two) their adherence to a 
straight line is a strong indication, amounting almost to conclusive 
proof, that equilibrium conditions are being realised. 

A suitably graduated scale is easily constructed. The distances 
being proportional to e x , the graduations are placed at convenient 
intervals of (RTjocF)x [or, for 17°, (25/u)x] and numbered con- 
secutively in millivolts, commencing with any convenient number . 
The test and the certainty of the result can be improved if the second 
half of the titration curve is available, for, corresponding to this, a 
second straight line should be obtainable, passing through the same 
end-point, the equation being h r y r = (M 0 — M) — M Q , where 

y’ = e -G8 WjRT)E K 
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Section 11. Importance of the Symmetrical Case. 

Application in Acidimetry and Alkalimetry . — It will be noticed 
that, even in the symmetrical case where « = (3, the titration-curve 
equation and the methods dependent on it are now much more 
general in application than those obtained in Part II, since the latter 
took no account of subsidiary reactants and products. For example, 
with the new equation, and the general form of subsidiary-conditions 
correction described in Section 7, the following important cases can 
be dealt with in a simple manner. 

Case (1). In the titration of a weak base (such as ammonia) against 
a strong acid, the former being the added substance, the equation 
for the analytical reaction is properly written 

H‘ + NH 3 = NH 4 * (73) 

(K being ca. 5 X 10 -10 , i.e., 10 -14 /2 x 10~ 5 or K w /K b ) and if a hydro- 
gen electrode or its equivalent is used as indicator electrode, the 
alternative electrode reactions are 

© + H- = JH 2 | 

- © + NH 3 = Kff 4 - - pi 2 / • • • (74) 

The principal reactants are, in effect, hydrogen ion and the base, 
the amount of hydroxyl ion present being relatively quite negligible 
until far beyond the equivalence region, unless excessively dilute 
solutions are being used. 

Case (2). Exactly the same equations are applicable to the 
titration of a strong base against a strong acid in the presence of an 
appreciable amount of a salt of a weak base , for in that case, owing 
to the weakness of the base, the addition of hydroxyl ions (i.e., the 
strong base) is exactly the same in effect as adding an equivalent 
quantity of the weak base and, at the same time, withdrawing an 
equivalent quantity of the positive ion of its salt, thus 

OH' = KH 3 + H 2 0 - NH 4 ‘ . . . (75) 

The additional molecule of water makes no difference, while the 
withdrawal of the positive ion only affects the form of the subsidiary- 
conditions correction. 

Case (3). The titration of a salt of a weak acid against a strong acid 
is really entirely analogous to Case (1), the negative ion of the salt 
behaving essentially like the weak base. For example, with borax 
(which in solution is essentially NaH 2 B0 3 mixed with an equimolar 
quantity of free boric acid) the analytical reaction is 

H’ + H 2 B0 3 ' = H 3 B0 3 .... (76) 

(K being ca. 10~ 9 ) and the electrode reactions are 
© + H* = |H 2 \ 

- © + h 2 bo 3 ' = h 3 bo 3 - |H 2 J 


3 c 2 


(77) 
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The principal reactants are hydrogen ion and the dihydrogen-borate 
ion, and it is only an incidental matter affecting the form of the 
subsidiary- conditions correction that, in this particular case, an 
equivalent amount of free boric acid accompanies the added 
substance. 

Case 4. From the same analogy, it follows that the equations of 
Case (3) are applicable to the titration of a strong base against a 
strong acid in the presence of an appreciable amount of a weak acid . 
The addition of the hydroxyl ion is exactly the same in effect as 
adding an equivalent quantity of the negative ion of the weak acid, 
and at the same time withdrawing an equivalent quantity of the 
weak acid itself : 

OH' = H 2 B0 3 ' + H 2 0 - H 3 B0 3 . . . (78) 

and the latter withdrawal merely modifies the subsidiary-conditions 
correction. 

Finally, four cases analogous to the above are obtained on inter- 
changing the words “ acid ” and “ base,” making obvious equivalent 
alterations with regard to the ions, and adopting as indicator 
electrode either the hydrogen electrode or any other which behaves 
in alkaline solution as a “ hydroxyl electrode.” Treated in this 
manner, the eight cases are seen to be essentially one and the same, 
and the equations of this section, taken in conjunction with the 
preceding general theery, show how these common titrations of 
acidimetry and alkalimetry may be made to yield the highest 
possible precision. 

Summary. 

It is shown that both the titration- curve equation and the new 
methods of titration given in two previous papers can be fully 
generalised, i.e. y made applicable to a system involving both 
analytical and electrode reactions of the most general type. 

The characteristic forms of the curves represented by the generalised 
equation, and of the derived curves, are indicated with the aid of 
diagrams, and some concrete examples cited. The more important 
mathematical properties of the curves are exhibited, the generalised 
methods of titration deduced, and their precision formulated, in 
terms of certain bin-exponential functions, regarded as generalised 
hyperbolic functions. Methods I and III, however, still involve 
only the single function, /, tabulated in the first of this series of 
papers. 

A routine procedure previously indicated is now more fully 
developed, whereby, in connexion with all three methods, accurate 
allowance is made for unavoidable variations in the subsidiary 
conditions, i.e., the volume of the solution and the concentrations 
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of subsidiary reactants and products. A simple mode of correction 
is also provided for any unavoidable fluctuations of temperature. 

In Section 10, a geometrical form of Method I is outlined (a 
“ straight-line method ”), suitable for the investigation of new and 
uncertain systems, since it provides a stringent test as to the attain- 
ment of equilibrium in the system. 

Finally, the advantage of the more general form of the titration- 
curve equation, even in the symmetrical case, is pointed out and 
exemplified by its application to the titrations of acidimetry and 
alkalimetry involving weak acids, weak bases, and their salts. 

I have pleasure in thanking Messrs. F. H. Brooks and A. H. 
Richards for assistance in the construction of the diagrams which 
accompany this paper. 

University of Melbourne. [Received, April 2nd, 1930.] 


CLXXXVL— Colloidal Platinum, , Part VII . The 

Effect of Electrolytes upon the Cataphoretic Velocity 
of Platinum Particles , and its Bearing on Stability. 

By Stuart W. Pennycuick. 

The electric charge is being increasingly recognised as the con- 
trolling factor in the stability of hydrophobic sols. In this paper 
a comparative study is made of the effect of various electrolytes 
upon the cataphoretic velocity of platinum particles, and upon 
the corresponding changes in stability. Owing to the remarkable 
influence of traces of certain electrolytes, it is necessary to have 
trustworthy details regarding, first, the purity of the preparation, 
and secondly, the constitution of the surface ionogen whose 
ionisation confers the stabilising charge. From this point of view 
colloidal platinum is seen, from the author’s previous work, to be 
particularly suitable, As will be shown, the velocity measurements 
confirm the conclusions already drawn regarding the action of 
acids (J., 1929, 618) and of bases (ibid., p, 623) on this colloid. 

The methods of obtaining the colloid charge and the electro- 
kinetic potential are limited to observations of the electrokinetic 
phenomena. Of these, cataphoresis is outstanding, and accord- 
ingly considerable attention has been paid in recent years to the 
accurate measurement of cataphoretic velocities (see reviews by 
Tuorila, Kolloid-Z., 1928, 44, 11, and by Pauli and Valk6, “ Elek- 
trochemie der Kolloide,” Wien, 1929, pp. 149 and 202). 

In this work, the author has utilised the macroscopic moving- 
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boundary method, as developed by Burton {Phil. Mag., 1906, 11, 
436) and improved by Landsteiner and Pauli (Verb. d. Kongr. f. 
innere Medizin , XXV Kongress, Wien, 1908) and by Mukherjee 
(. Proc . Roy. Soc 1923, A , 103, 102). The technical errors arising 
from this method have been discussed by Mukherjee and by Kruyt 
and van der Willigen ( Kolloid-Z ., 1928, 44, 22), who have shown 
that extreme precautions are necessary if trustworthy results are 
to be obtained, and that the common practice of using, as the 
overlying liquid, any electrolyte having the same conductivity 
as the sol, is by no means satisfactory. During migration, if the 
colloid particles move into a slightly different environment, im- 
portant changes occur which result in velocity fluctuations. It 
is obvious that the ideal overlying liquid would be the intermicellar 
fluid; Kruyt and van der Willigen [loc. cit.) have attempted to 
isolate such a liquid by subjecting portions of the sol to centrifuging 
and ultra-filtration, whereas Powis (J., 1916, 109, 734) used the 
clear solution obtained by filtering a coagulated sol. The majority 
of workers, however, have been satisfied to use comparable solutions 
of potassium chloride or of hydrochloric acid. The author has 
shown (J., 1928, 2108) that, in the case of colloidal platinum, the 
intermicellar liquid can be isolated by freezing out the colloid 
particles. If this liquid is used as the overlying fluid, therefore, 
these particles suffer no material change in environment during 
the whole of their movement, and it is believed that by this device 
and by the exercise of the precautions now outlined, the nearest 
approach yet recorded to the ideal conditions has been made. 

The moving boundary between the dark brown platinum sol 
and the clear overlying liquid is well defined, and can be followed 
with accuracy”. 

Experimental. 

The mode of preparation of a sol has a direct influence on its 
charge and on its cataphoretic velocity. Accordingly, the various 
samples of colloidal platinum were prepared in exactly the same 
way {Australian J . Exp. Biol. Med. Sci ., 1927, 4, 99), the following 
being the details : voltage 200, current 3*5 amps., sparking time 
(continuous) 18 minutes per 500 c.c. of water. After preparation, 
the sol was boiled for 25 minutes and stored for two days. The 
samples used had specific conductivities (*) ranging from 10 to 
15 gemmhos (see Table I). 

Eor the measurement of cataphoretic velocities, a modified 
Landsteiner-Pauli apparatus was used throughout. It was 
thoroughly cleaned before each determination. As the results with 
sodium hydroxide are of great importance, and as measurements 
with bases are often avoided, the method of making cataphoretic 
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measurements in the absence of carbon dioxide is described. 
Samples of the platinum sol and of the intermicellar fluid (frozen 
sol) are brought into two conductivity cells of low cell constant. 
The intermicellar fluid, which has the higher conductivity (owing 
to previous boiling and evaporation), is diluted with conductivity 
water until it shows the same specific conductivity as the platinum 
sol. The required amount of sodium or barium hydroxide is 
introduced into each cell in the absence of carbon dioxide (J., 
1927, 2600), and the conductivities are brought to exactly the 
same values : as the platinum particles remove some of the base, 
the colloid solution requires more alkali than the sample of inter- 
micellar fluid, and hence it is not sufficiently accurate simply to 
add equal quantities of base to the two solutions. The solutions 
are then introduced into the cataphoresis 
tube shown in Fig. 1. To keep the solutions 
carbon-dioxide free, the air-tight connexions 
A, B, G, and D are fitted. The apparatus, 
previously washed with conductivity water, 
is dried by passing a warm carbon dioxide- 
free air stream in at E and out through 
bubblers at F and G. The conductivity cells 
are fitted with tubes so that the solutions 
can be blown into the cataphoresis apparatus 
under a small head of carbon dioxide-free 
air. The platinum sol is introduced at G , 
until it rises 1 mm. or so above the taps, whilst the overlying 
solution is introduced at E. By careful manipulation the trans- 
ference may be accomplished without any contamination whatso- 
ever with carbon dioxide. 

When acids and salts are to be used, simplifying modifications 
at once suggest themselves. In preparing comparable solutions 
in the presence of salts, the knowledge of the surface actions as 
previously developed (J., 1929, 618) was always utilised with the 
object of providing a perfectly uniform environment for the 



Table I. 

Pure platinum sols at 25°. 


Sol. k. [HJPt-(OH)J. u X 10 s . f. 

(unboiled) 5-7 16 X 10 6 33-3 0-062 

(boiled 25 mins.) 14-2 41 „ 32-0 0-060 

„ „ 15*0 43 „ 30-8 0-058 

(unboiled) 3-7 11 „ 38-6 0*072 

(boiled 25 mins.) 11-2 32 „ 37-0 0-069 

„ „ 9-7 28 „ 30-7 0-057 

„ (old) 11-4 33 „ 27-8 0*052 

(boiled 25 nuns.) 12-0 34 „ 36-4 0*068 
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moving particles. In all cases the solutions were prepared in the 
conductivity cells, and then transferred to the apparatus. 

Results. The distance between the electrodes was 74 cm., and 
the voltage 135 (less in a few cases). Each result is the average 
of several determinations. The error is of the order 6—7%, which 
is considered satisfactory for this type of measurement. Unless 


Fig. 2. 


V Concentration (for MaOH, NaCl, KCN). 
0*01 0-02 0*03 0-05 0 *' 



otherwise stated, all velocity values recorded are negative this 
sign being omitted for the sake of convenience. 

The results for the pure platinum sols are set out in Table I 
fnPig 111 ? 63 f ° r S ° 1S COntaining this and otlier electrolytes appear 

Interrelation of Results . — The criticisms of McBain (J. Physical 

SSI iff; i 

926, 4, 132), mid Kmjt and Tan del Widigen (Z. phyeikd. Chem., 
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1927, 130, 170) undoubtedly show that the theoretical relation 
between cataphoretic velocity and electrokinetic potential, which 
was developed some 30 years ago, rests upon very insecure grounds. 
Nevertheless, because of convenience and long usage, practically 
every investigator in this field prefers to interpret cataphoretic 
results in terms of electrokinetic potential £. 

In this paper the cataphoretic velocities ( u ) themselves are 
recorded, and it is these which are stressed, but for the sake of 
comparison the £ values also are recorded. As colloidal platinum 
particles are spherical (Diesselhorst and Freundlich, Physikal. 
Z., 1916, 17, 117), the usual Helmholtz-Smoluchowski equation, 
K = 4rsqtilDH, must be replaced by the corrected equation 
S = 6 t zr\u/DH (Debye and Huckel, ibid., 1924, 25, 49). For the 
dilute solutions of electrolytes used, 7 j may be taken as the viscosity 
of water (0*00893 at 25°), and D as 81, the dielectric constant of 
water; £ and ujH then become proportional and the equation 
may be written £ = ( 67 nj/D) {u/H) = ku/H. In this paper u is 
always given as the velocity (cm. per sec.) for a potential gradient 
of 1 volt per cm., whence H = 1, and £ — ku. The value of the 
j)roportionality factor k is 187*1. The £ values so calculated are 
shown in Fig. 2 and in the table. 

Discussion of Results . 

The Pure Sols . — The cataphoretic velocities of the pure sols, as 
shown in Table I, exhibit variations in spite of the similarity of the 
method of preparation. JFor the boiled sols, u X 10 5 ranges from 
27*8 to 37*0 cm. /sec. /volt /cm. The free acid content, as obtained 
from the specific conductivity [assumed all to be due to H 2 Pt(OH) 6 ], 
ranges from 28 X 1CH to 43 X 10 “ 6 equiv. The source of charge 
is undoubtedly the platinic acid, but it is evident from the irreg- 
ularity of the figures that no simple relationship holds between 
cataphoretic velocity and concentration of free acid. The unboiled 
sols have the smallest acid content but the greatest velocities; 
and as the acid content increases (by boiling or ageing), the charge 
as revealed by cataphoretic velocity decreases. The absence of 
the simple relation between velocity and acid concentration 
which will be shown to hold for the surface-inactive acids, such 
as hydrochloric and nitric, is evidently due to the surface activity 
of the Pt(0H ) 6 anion. An increase in the H 2 Pt(OH ) 6 concen- 
tration then has a double effect : the hydrogen ion decreases the 
surface ionisation, whilst the Pt(OH ) 6 ion increases the number 
of surface ionogens and hence the charge. The total action is 
complicated by the changes in surface area, state of aggregation, 
etc., which must occur when the sol is boiled or aged. 
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The results recorded for u X 10 s by other workers with pure 
platinum (Bredig) sols are 30 (Whitney and Blake, J. Amer. Chem. 
Soc ., 1904, 26 , 1339), 21 (Burton, Phil. Mag., 1906, 11, 425), 24 
(Svedberg, Nova Acta Uppsala, 1907, [IV, 2] 190), and 20 — 40 
(Cotton and Mouton, Compt. rend., 1904, 138 , 1692). Although 
all the results are very roughly of the same order of magnitude, 
variations would be expected for the reasons outlined above. 
(For comparison with other sols, see Pauli and Valkb, op. cit.) 

The Critical Potential . — The idea that all coagulations occur at 
a critical potential (critical velocity) was developed by Powis 
(loc. cit. ; Z. physihal. Chem., 1915, 89 , 186), using oil drops and 
arsenious sulphide sols. The negative results of Mukherjee (Nature, 
1928, 122 , 960), the confirmatory results of Kruyt and Briggs 
(Proc. K. Ahad. Wetensch. Amsterdam, 1929, 32 , 384) and of Ghosh 
(J., 1929, 2693), and the indefinite conclusions of Tuorila ( Roll 
Chem. Beih., 1928, 27, 44) and of Kruyt and van der Willigen 
(loc. cit.) leave the question open as to whether the critical potential 
has any general significance. 

From the results now recorded, it is evident (i) that coagulation 
always occurs before the cataphoretic velocity has been depressed 
to zero, and (ii) that with hydrochloric acid, barium hydroxide, 
barium chloride, ferric chloride, and calcium chloride (not shown), 
coagulation occurs at a velocity between 10 X 10~ 5 and 15 X 10~ 5 . 
Hence with these electrolytes we may speak of a critical velocity 
(or potential). On the other hand, sodium chloride and hydroxide 
and potassium chloride (not shown) show coagulation velocities 
of quite a different order. These conclusions are in general accord 
with those of Powis and of Ghosh (loc. cit.) on arsenious sulphide, 
and of Freundlich and Zeh ( Z . physihal. Chem., 1925, 114, 65) 
on both arsenious sulphide and ferric hydroxide sols. There 
appears to be strong evidence for the view that, with electrolytes 
which coagulate at low concentrations, a critical potential exists 
below which the sols are unstable, but that where a large con- 
centration of electrolyte is required, coagulation occurs at a much 
higher potential. 

Hydrochloric Acid. — It has been established that colloidal 
platinum is an acidoid sol, and that the ionisation of the surface 
hexahydroxyplatinic acid is the source of charge and of stability. 
Coagulation by surface-inactive acids, such as the common in- 
organic acids, is then interpreted as due to the repression of the 
surface ionisation or of the ionic double layer. The slope of the 
hydrochloric acid curve (Fig. 2) is in keeping with this view. 
Further confirmation is at hand, for, by the application of the 
Debye-Huckel theory ( Physihal . Z., 1923, 24, 185), it follows that 
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if no abnormalities occur, the addition of an electrolyte should 
cause a decrease in the velocity which is directly proportional 
to the square root of the concentration, and actually when these 
two variables are plotted against one another, the curve (Fig. 3) 
shows that the linear relationship holds. 

These conclusions are in agreement with the results obtained 
with the acidoid mastic sol, where it has been shown that coagul- 
ation by inorganic acids is a plain case of ionic repression (Michaelis, 
“ The Effect of Ions in Colloidal Systems,” 1925, 67). 


Pig. 3. 



Barium Chloride . — On the addition of this salt, the cataphorctic 
velocity decreases rapidly, and coagulation occurs at a relatively 
low concentration. Here the outstanding action, and the one 
which ultimately leads to coagulation, is the ionic exchange of 
hydrogen contra-ions for barium ions from solution. Because 
of this interfering action, the velocity- V concentration curve does 
not yield a straight line. 

The critical potential for this and comparable salts lies between 
—0*020 and —0*030 volt. The corresponding value of £ recorded 
by Powis for oil drops and arsenious sulphide is —0*025 volt. 

Sodium Hydroxide . — From a study of the reactions of colloidal 
platinum in basic solutions ( J., 1929, 623), the author has concluded 
that univalent bases have the important property of reacting 
with surface non-ionogenic groups (probably oxides) to form 
further stabilising ionogens. It was, in fact, in order to test this 
conclusion that the present experiments were undertaken. The 
remarkable increase in the cataphoretic velocity on the addition 
of sodium hydroxide completely confirms the view that fresh 
surface ionogens are formed. From the curve in Fig. 2 (where, 
for convenience, the concentration is replaced by its square root), 
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it is seen that when 5-3 X 10 -6 equiv. of base has been added (free 
sodium hydroxide = 33 X 10 -6 equiv.), the cataphoretic velocity 
is more than doubled; on further addition of base, the velocity 
remains practically constant over a considerable range; and at 
higher concentrations it begins to decrease. The important 
stabilising and peptising action of univalent bases is undoubtedly 
connected with this increase in charge. The flat maximum in 
the curve is probably related to the view (Hevesy, Kolloid-Z ., 
1917, 21, 129) that the electrokinetic potential of colloid particles 
cannot exceed a certain maximum, viz ., approx. 0*105 volt 
(0*070 X 3/2). At all events the very high value of £ here obtained, 
0*120 volt, is not exceeded by any other colloid system. 

The important charging action of the hydroxyl ion was first 
emphasised by Perrin (J. Chim. physique, 1904, 2, 601), and has 
since been demonstrated for various negative suspensions — for 
emulsions by Ellis (. Z . physikal. Chem., 1912, 78, 321; 80, 597), 
and for kaolin by von Buzagh (Kolloid-Z ., 1929, 48, 33) and 
Dubrissay, Trillat, and Astier ( Compt . rend., 1929, 189, 41). 
These workers all find an increase in £ on the addition of uni- 
valent bases. The explanation in terms of an increase in surface 
ionogens can be extended to include all the known observations. 
The streaming potential against ordinary glass shows no such 
maximum (Ellis, loc. cit.; Powis, Z. physikal. Chem., 1915, 89, 
91 ; Elissafofi, Z. physikal. Chem., 1912, 79, 385) : the high initial 
£ indicates that the sodium hydroxide from the hydrolysis of 
the sodium silicate has already given the glass its maximum 
charge. 

The cataphoretic velocity of the platinum particles at the 
coagulation point (in the case of sodium hydroxide) is remarkably 
high, viz., 36*8 X 10~ 5 (K = 0*069), i.e., higher than the initial 
velocity of the particles. Sodium hydroxide coagulation figures 
for other acidoid sols have not yet been recorded. 

Barium Hydroxide. — On the addition of barium hydroxide, the 
cataphoretic velocity shows an extremely small initial increase, 
in striking contrast to the results obtained with univalent bases. 
This small increase cannot be ascribed to the lack of formation 
of surface ionogens, for it has been shown that platinum sols take 
up 4 or 5 times as much barium hydroxide as sodium hydroxide. 
There is little doubt that both the low value of the maximum and 
the subsequent rapid decrease in the cataphoretic velocity are 
intimately connected with the strong inter-attractive forces 
between the colloid particle and the ion of higher valency. This, 
in fact, is the interpretation of the “ valency rule.” 

The shape and the position of the curve show that the charging 
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and stabilising action of the hydroxyl ion are here very soon out- 
weighed by the coagulating action of the bivalent barium ion. 
Barium hydroxide will therefore have no pronounced action as 
a peptising agent. 

The only example in the literature where a similar maximum 
for a bivalent base is recorded is that of Dubrissay, Trillat, and 
Astier (loc. cit.) for kaolin. 

Sodium Chloride . — Sodium chloride and also potassium chloride 
show two interesting features : a definite maximum in the velocity- 
concentration curve, and an abnormally high velocity at coagul- 
ation. Similar maxima for univalent salts are recorded by Ivan- 
itzkaj a and Proskurnin for colloidal arsenious sulphide and vanadium 
pentoxide (Kolloid-Z., 1926, 39 , 15), by Thiessen and Heumann 
for gold (Z. anorg. Chem ., 1929, 181, 379), and by Powis for oil 
emulsions (loc. cit.). They are generally interpreted in terms of 
the charging action (adsorption) of the negative ion, usually the 
chlorine ion. In the case of colloidal platinum, the results with 
hydrochloric acid show that this ion is not surface- active, and 
there is no reason to believe that such activity would develop in 
the case of its salts. The author considers that the explanation 
of the initial increase in the cataplioretic velocity is to be found 
in the hydrolytic cleavage of the salt. The collective evidence 
for this view is shortly to be presented elsewhere. 

The high velocity at coagulation, viz., 25 X 10 -5 (C = 0-050), 
is not unique. Similar high values for univalent salts have been 
recorded with colloidal arsenious sulphide (Freundlich and Ze h; 
Powis ; Kruyt and van der Willigen ; loco, cit.), and also for oil 
emulsions (Limburg, Dissertation, 1924). Owing to the low 
platinum content, the salting-out effect suggested by Powis has 
in this case little significance *, and there is nothing in the records 
to indicate, as suggested by Kruyt and van der Willigen, that 
variations in the dielectric constant of such a weak electrolyte as 
0'005A-sodium chloride would play an interfering part. 

Potassium Cyanide . — The potassium cyanide curve corresponds 
very closely to that of a univalent base. Owing to the very high 
hydrolysis of this salt the result is not surprising. The hydrolysis 
is doubtless increased by the removal of some potassium hydr- 
oxide by the platinum surface, and here we have a rather obvious, 
but extreme case of hydrolytic cleavage. The well-known surface 
activity of the cyanide ion may also play some part. It will be 
noticed that the maximum electrokinetic potential for sodium 
hydroxide (0-120 volt) is not exceeded. 

Ferric Chloride . — Ferric chloride shows a first coagulating 
zone when the negative velocity is decreased to about —12 X 10~ 5 
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cm. per sec., and the sol then remains unstable over a range of 
ferric chloride concentration, but when this reaches 0-000041/, 
and the velocity becomes + 15 X 10 -5 , the charge is reversed 
and the sol again becomes stable. For higher saline concentration, 
well above 0-0041/, the sol behaves as a typical positive sol. The 
existence of an unstable zone and of a negative and a positive 
critical potential are clearly shown by the curve. 

Coagulation Zones. — The shaded portions of the various curves 
represent the coagulation zones, i.e., the concentrations between 
slow and rapid coagulation. It has been usual to distinguish 
between two critical potentials, one for slow and one for rapid 
coagulation, and to assume that, whilst the former may have a 
relatively large value, the latter is approximately zero. The slopes 
of the curves at and near coagulation show that this is not the 
case, but that the potential at rapid coagulation is only slightly 
less than that at slow. This is confirmed by the actual measure- 
ments. The velocity at slow coagulation is obtained in the normal 
maimer, the experiment being completed before the particles have 
had time to coalesce; and that at rapid coagulation can also be 
directly measured if the necessary amount of salt, and no more, is 
added. For example, if a sol is made 101 X 10 ~*M with respect 
to barium chloride, an extremely fine but quite definite precipitate 
can be noticed with a magnifying glass. This settles so very 
slowly that its cataphoretic velocity may be measured in the 
normal manner. The final point on the barium chloride curve 
was obtained with such a coagulated sol. The settling cannot 
altogether be neglected, and therefore such values are, if anything, 
a little too low. The fact that such points fall in the continuation 
of the curves brings out the interesting feature, viz., that the 
coagulated agglomerates move with the same velocity (and 
therefore have the same potential) as the individual particles 
immediately before coalescence. 

The Cause of Coagulation . — The recognition of colloid particles 
as great multivalent ions was first emphasised by Bilhter ( Z . 
physical. Chem., 1903, 45, 307) and Duclaux (J. Cliim. physique , 
1907, 5, 29) ; but the practical demonstration that colloid systems 
are strong electrolytes is due to the work of Pauli and of Bjerrum 
(Z. physikal, Chem., 1924, 110, 656). In the light of this view, 
the condensed double layer of Helmholtz, Lamb, and Smolu- 
chowski has become replaced by the diffuse double layer or ionic 
atmosphere of Gouy (J. Physique , 1910, 9, 457) and of Debye and 
Hiickel (loc. cit.). Accordingly, the source of colloid stability 
is the ionisation of the surface ionogens, whose contra-ions ( ee gegen- 
ionen ”) extend into the solution as an ionic atmosphere. Any 
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increase in the ionic concentration, e.g., on addition of acids to 
acidoid sols, causes an attenuation of the ionic atmosphere, or 
a displacement of the <c electrical centre of gravity ” of the contra- 
ions towards the colloid surface. The cataphoretic velocity and 
the electrokinetic potential are accordingly decreased, and at 
some critical value coagulation ensues. If there he no interfering 
reactions, the Debye-Hiiekel theory requires that the average 
density of the ionic atmosphere be proportional to the square root 
of the concentration of coagulating ion, and in the simplest cases 
this has been confirmed. With all salts, however, the kationic 
interchange is superimposed on the above relation, and the simple 
linear law does not hold. With univalent bases the production 
of fresh surface ionogens acts in the opposite direction to the effect 
due to the increase in concentration of the contra-ions; hence 
the maximum in the curve. For these cases the complete relation 
between cataphoretic velocity and electrolyte concentration is 
still lacking. The valency rule is also directly interpreted in terms 
of the theory. m 

Any decrease in the cataphoretic velocity leading to coagul- 
ation has usually been explained in terms of the “adsorption” of 
the oppositely charged ion, but, although this hypothesis has been 
of service, ultimately it will have to be abandoned, for it fails to 
explain even the simplest case, viz., the coagulation of an acidoid 
sol by an acid, the work with platinum (and also with mastic) 
having shown that the colloid particles do not remove (or adsorb) 
any of the coagulating acid. Where other ions, e.g., Ba", Al # *', 
are the active coagulating agents, the more definite explanation in 
terms of ionic interchange is to be preferred. 

In spite of numerous speculations, we have no complete answer 
to the question, “ Why does coagulation ensue before the colloid 
is completely discharged ? ” The work with colloidal platinum 
shows that there are no abrupt changes (beyond instability) at 
the coagulation point. This has also been emphasised by Ellis 
and by Powis with oil emulsions. We can only assume that, 
when the ionic atmosphere has been sufficiently attenuated, the 
repulsion which existed when the two particles approached under 
their Brownian movement is no longer sufficient to keep them 
from adhering. The latter effect is probably largely a capillary 
one, and is not solely due to changes in interfacial tension, as is 
often supposed. Perrin’s work with mastic and gamboge, and 
that of Ellis and of Powis with oil emulsions, shows that at coagul- 
ation the droplets do not run together but adhere in clusters, 
Peptisation experiments with platinum are in accord, for on 
addition of sodium hydroxide to a sol which has been coagulated 
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with sodium chloride, peptisation follows readily, and no severe 
treatment is necessary to draw the adhering particles apart. 

Conclusion and Summary . 

Colloidal platinum is a typical hydrophobic acidoid sol. In 
the presence of air, the surface appears to contain oxide and acid 
only. 

The changes in the cataphoretic velocity of the particles have 
been measured in the presence of certain electrolytes. 

The effect of inorganic acids is interpreted as a direct repression 
of the diffuse ionic atmosphere, and the linear relation of Debye 
and Hiickel is found to hold. 

Univalent bases react with the surface oxide to form fresh 
stabilising ionogens, and the cataphoretic velocity accordingly 
passes through a maximum. Bivalent bases show a very weak 
maximum. 

Hydrochloric acid, barium hydroxide, and barium, calcium, 
ant? ferric chlorides show a critical velocity and critical potential. 

Poor coagulants, such as univalent salts and univalent bases, 
show a maximum in the velocity-concentration curve, and an 
abnormally high velocity (and potential) at coagulation. 

Ferric chloride shows two critical velocities, one negative and 
the other positive. 

The coagulation process in the presence of electrolytes is dis- 
cussed in terms of the results obtained. 

The author wishes to record his indebtedness to the Trustees 
of the Endowment Fund of the Council for Scientific and Industrial 
Research of the Commonwealth of Australia for grants towards 
the purchase of platinum used in this series of investigations. 

University or Adelaide, 

South Australia. [ Received , April 23rd, 1930.] 

CLXXXVII . — A Simple Electrically Controlled 
Thermostat. 

By John Arnold Cranston. 

This thermostat is of a type that has been in use for a number of 
years in this laboratory, and as it has certain advantages in respect 
of compactness and economy in use of electric current, a description 
of it seems desirable. 

The vessel (Fig. 1) consists of a glass accumulator jar, 40 X 28 
X 22 cm., of 25 litres capacity; it is divided into two approxi- 
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mately equal portions by a glass plate, E, which is suspended from 
its sides and serves to improve the efficiency of stirring by directing 
the flow of the water from the stirrer into a one-way stream round 
the tank. Water is kept in the vessel to a level some 2 cm. above 
this plate. 

The rear portion of the vessel contains (i) a heating lamp D , 
of the Robertson radiator type consuming 1 amp. at 250 volts, 


Fig. 1. 



(ii) a stirrer J5, consisting of a monel metal propeller mounted on 
a shaft which is connected to a bicycle hub and driven by an electric 
motor or hot-air engine A, (iii) a thermoregulator G , consisting 
of a bulb with a capillary stem. A piece of platinum wire, sealed 
into the bulb, enables electrical contact to be made with the 
mercury within. A piece of nichrome wire, W (Fig. 2), acts as 
the other terminal of the circuit and makes and breaks contact 
with the surface of the mercury M in the capillary tube. The 
wire is soldered to the base of the screw S, which is in electrical 


J 
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contact with the lead-in wire L. The screw is mounted in a 
vulcanite cap V , supported by a glass tube 0 and rubber cork C. 
By means of this screw, contacts may be set to operate at any 
desired temperature. 

The thermoregulator circuit includes a coil of wire E (Big. 3) 
of the electric-bell type, above which is suspended a piece of soft 
iron attached to the lever arm of a balance; when expansion of 
mercury in the capillary tube closes this circuit, the current flowing 
through the coil attracts the soft iron and so draws the other 
lever arm out of a trough of mercury (?, thus breaking the main 
circuit of the heating lamp. The regulator circuit requires a low- 
voltage current, which is obtained by inserting a piece of nichrome 
wire of about 7 ohms resistance in the main circuit driving the 
motor stirrer, and by tapping the current from the ends of this 
, wire. A convenient form of resistance is the wireless rheostat. 

If it is desired to maintain the temperature constant for an 
experiment lasting several weeks, and the circumstances are such 
that a single failure in the make-and-break system, with its con- 
sequent rise in temperature, would ruin the experiment, the follow- 
ing precaution can be adopted. A second thermoregulator can 
be inserted in parallel with the first, but set to operate at a 
slightly higher temperature than the desired one. 

Since a continuous flow of electric current is necessary to operate 
the thermoregulator, economy of current is effected by using it 
to drive the motor instead of having a lamp in circuit providing 
useless illumination. 

The electrical connexions are shown diagrammatically in Big. 
3 ; an ordinary electrical wall block, 9" x 9", is used for mounting 
(i) all the required terminals, (ii) the make-and-break of the heating 
circuit, (iii) the shunt for the low- voltage current supply, and 
(iv) two condensers of about 0*5 microfarad capacity each. These 
are inserted to minimise the sparks in the two make-and-break 
circuits. 

A test with a Beckmann thermometer showed the variation of 
temperature at 25° to be 0-03°. 

The Royal Technical College, 

Glasgow, [Received, April 29th, 1930 .] 
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CLXXXVIII . — The Constitution of Some Organic 
Derivatives of Thallium . 

By Nevil Vincent Sidgwicjk and Leslie Ernest Sutton. 

The majority of the known metallic alcoholates are salt-like sub- 
stances ; they are non-volatile, insoluble in organic solvents such as 
benzene, and they often combine with the parent alcohol. Examples 
of this type are the alcoholates of the alkali metals, the alkaline-earth 
metals (Chablay, Compt. rend., 1911, 153, 953; de Forcrand, ibid., 
1912, 154, 1441 ; Doby, Z. anorg. Chem., 1903, 35, 93), zinc, magnes- 
ium (Tolkatscheff, J. Rvss. Phys. Chem. Soc ., 1901, 33, 469; 
Szarvasy, Ber., 1897, 30, 806), and lead (Chablay, loc. cit.). Alumin- 
ium is exceptional in that, though its methoxide decomposes on 
heating, its ethoxide melts at 135° and boils at 234— 235° /23 mm., 
the propoxide and the amyloxide being similar (Hillyer, Amer. Chem . 
J., 1897, 19, 597 ; Hillyer and Crooker, ibid., p. 37). With the 
exception of the methoxide these may be regarded as esters of 
aluminic acid and as being analogous to the esters of boric acid. . 

Thallous ethoxide belongs to neither of these types; it is a 
colourless oil at room temperature (m. p. —3°) which is miscible 
with benzene, only partially with ethyl alcohol, but has no appreci- 
able vapour pressure at temperatures up to 80°, where it decomposes. 
It is readily decomposed by water or carbon dioxide. The w-prop- 
oxide, the w-butoxide, and the ^obutoxide have also been made 
and appear to be of the same type (Lamy, Ann. Chim. Phys., 
1863, 67, 395; 1864, 3, 373; Kahlbaum, Roth, and Siedler, Z. 
anorg. Chem., 1902, 29, 177), but the methoxide and cycZohexanyl- 
oxide (Lamy, loc. cit.; de Forcrand, Compt. rend., 1923, 176, 20) 
are white microcrystalline solids which do not melt, but decompose 
above 110°. The phenoxide (de Forcrand, loc . cit.) and some of the 
substituted phenoxides (Christie and Menzies, J., 1925, 127, 2373) 
are stable white solids which can be recrystallised from water and 
have definite melting-points, but are soluble in benzene (see later), 
while the ethylene glycolate and glycerate (de Forcrand, loc. cit.) 
are yellow crystalline solids. It therefore seemed that some, at least, 
of these alcoholates were covalent, but, from their non-volatility, 
were associated. 

In the present investigation, the molecular weights of the meth- 
oxide, the ethoxide, the cg/cZohexanyloxide and the benzyloxide in 
benzene solution were determined at the freezing point, those of the 
methoxide and the ethoxide also being determined in their parent 
alcohols at the boiling points. In addition, the molecular weights 
of several phenoxides and of ethyl thalloacetoacetate were measured 
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in boiling benzene, while finally the solubilities of the ethoxide in 
ethyl alcohol and of the methoxide in methyl alcohol and in 
benzene were determined. 

Experimental. 

Preparation of Materials . — Thallous ethoxide. This was the start- 
ing material for all the thallium derivatives used. Some of it was 
very kindly supplied to us by Dr. R. C. Menzies and more was made 
by Lamy’s method in an apparatus similar to one described to us by 
Dr. Menzies, wherein thallium, rolled into ribbon, was subjected 
to the combined action of boiling, dry ethyl alcohol and dry oxygen. 
The thallous ethoxide dropped into the ethyl alcohol as it was 
formed, being subsequently withdrawn and filtered through a 
plug of cotton- wool into a receptacle. It kept best if a layer of 
alcohol was allowed to remain over it but, in any case, it decomposed 
in time with the formation of a black colloidal precipitate which 
could not be removed by filtration. We found that it could then 
readily be purified by dissolving it in boiling, dry ethyl alcohol, 
filtering the solution and allowing it to cool, and separating the two 
liquid layers. Specimens so purified kept considerably better than 
the crude ones. Ethyl alcohol is soluble in the ethoxide, though 
only to a small extent (Lamy, loc. cit.), so the last traces of it were 
removed from small quantities of ethoxide, as required, by keeping 
them for 24 hours over metallic sodium in a vacuum desiccator. 

Thallous methoxide . This was prepared as described by de 
Forcrand (loc. cit.) by double decomposition between the ethoxide 
and an excess of dry acetone-free methyl alcohol (kindly supplied 
by the Balliol and Trinity College Laboratories). Owing to its 
instability, small quantities were made as required and purified 
by recrystallisation from dry benzene. The time during which 
the filtered solutions were exposed to the air was kept as short 
as possible, and, with care, specimens could be obtained which 
gave very clear benzene solutions in the molecular-weight deter- 
minations. When quite free from methyl alcohol, the methoxide 
was very unstable ; these solutions would begin to deposit a black 
precipitate even at 25 — 30°. 

Thallous methoxide has no melting point; the solid begins to 
decompose above 120°. 

Thallous cydohexanyloxide. This was prepared in a similar way, 
thallous ethoxide being added to an excess of a dry, ethereal solution 
of c^cfohexanol which had twice been distilled in a vacuum to remove 
most of the water in it. It was washed with a small quantity of 
pure dry ether and recrystallised from benzene. It has no melting 
g^chst, but begins to decompose above 110°, 
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Thalhus benzyloxide was also prepared in this way, but, owing 
to its greater solubility in ether, the reaction mixture was well 
cooled in a freezing-bath. The product crystallised in colourless 
shining plates, which were filtered off, washed with a small quantity 
of well-cooled ether, and kept over potash. It was finally recrystal- 
lised from ligroin (b. p. 60 — 80°). The removal of the last traces 
of benzyl alcohol from small samples of this substance was difficult, 
owing to the limited solubility in ligroin of the alcohol and the 
relatively great solubility of the benzyloxide. 

This compound, m. p. 74 — 78°, has not been previously described. 
It decomposes slowly on keeping, is very sensitive to moisture, and 
is readily soluble in benzene or ether [Found : Tl, estimated as 
iodide, (1) 65*9, (2) 65*1. C 7 H 7 0T1 requires Tl, 65*6%]. 

Dr. T. V. Barker and Mr. R. C. Spiller kindly made a micro- 
crystallographic examination of this substance. The crystals were 
regular octagonal plates which, under crossed Nicols, exhibited 
straight extinction. Normal to the plate was the acute bisectrix 
of a positive biaxial figure with medium axial angle. The system 
was possibly orthorhombic, certainly not cubic, tetragonal, hexagonal 
or rhombohedral. 

Thallous phenoxide , m -tolyloxide, o-methoxyphenoxide , m-methoxy- 
phenoxide , thallous salicylaldehyde, and the thallous derivative of o- 
vanillin . These were all made by double decomposition of the 
ethoxide with an excess of an ethereal solution of the appropriate 
phenol. They were filtered off, washed with ether, and recrystallised 
by solution in either boiling benzene or pyridine and precipitation 
with ligroin (b. p. 60 — 80°). The m. p.’s of the first five substances 
were higher than those reported by Menzies and Wilkins (J., 1924, 
125, 1148) and Christie and Menzies ( loc . cit.), who recrystallised 
them from alcohol or water. 


Thallous phenoxide 

„ m- tolyloxide* 

, , o-methoxyphen oxide 

„ m-metlioxyphenoxide 

„ salicylaldehyde 

„ o -vanillin 


M. p. 233-— 235° (C. & M. 231—235°) 


196° 

164 ° 

148 ° 

197° decomp. 
142° dccomp. 


(187°) 

(100°) 

( 140 —l tS") 
(180°) 


The last compound is new. After purification it was obtained as 
fine yellow crystals which kept well (Found : Tl, determined as 
iodide, 58-2. C 8 H 7 0 3 T1 requires Tl, 57*5%) ; the crude product 
eventually turned brown or black. It was sufficiently soluble in 
boiling benzene for its molecular weight to he determined (thallous 
salicylaldehyde is not). 
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Determination of Molecular Weights in Benzene by the Beckmann 
Freezing -point Method . 

For these determinations the solvent had to be thoroughly dry 
and the solutions had to be protected against wet air during the 
course of the experiments, owing to the ease of hydrolysis of the 
solutes. 

The benzene was purified in the usual manner, by repeated frac- 
tional freezing and by shaking with sulphuric acid. It w r as dis- 
tilled, in a stream of dry air, into a reservoir from which, by the 
closing of an air by-pass tap, it could be blown direct into the 
Beckmann tube. Throughout the experiment a slow stream of dry 
air was passed. It left the apparatus through the stirrer sleeve, 
which was provided with the usual buffer space to prevent wet air 
being drawn in by the movement of the stirrer. The air appeared 
to be sufficiently saturated with benzene in passing through the 
distilling flask, for no drift of readings, which could be ascribed to 
evaporation of benzene from the Beckmann tube, was observed. 
The efficiency of the apparatus in this form was once tested by 
observing the freezing point of some benzene over a period of 
6 hours. The first and the last reading differed by 0*003°, the 
former being 0*001° above and the latter 0*002° below the mean of 
the whole series. In view of this and the fact that the alcoholates 
gave perfectly clear solutions, the drying was considered satis- 
factory. 

Since the methoxide and the cycZohexanyloxide gave maximum 
lowerings of only 0*08° and 0*05° respectively, considerable care 
was necessary in working with them. Whenever possible, freezing- 
point readings were taken until four successive values differing by 
not more than 0*005° had been obtained, and the mean value taken. 
If greater fluctuations persisted, the mean of six readings was taken. 

We confirmed the observation of Jones and Bury (J., 1925, 127, 
1947) that dry benzene is difficult to supercool, and, moreover, at 
first we experienced difficulty in avoiding caking of the fine benzene 
crystals on the walls of the tube. This occurred less in the case of 
the solutions than with the pure solvent, so the conditions under 
which the “ convergence temperatures ” (Wildermann, Proc. Roy , 
JSoc., 1896, 59, 251) were reached were different in the two cases, 
and a zero error resulted. This difficulty was overcome by using 
an air space round the Beckmann tube of at least 8 mm. and by 
supercooling about 1° for all readings. 

The methoxide, ethoxide, or cyc?ohexanyloxide was introduced 
through the side tube of the Beckmann apparatus, and, after the 
readings had been taken, some of the solution was withdrawn 
through a curved tube which was passed through the side tube, 
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filtered through a plug of cotton- wool, weighed, and then shaken 
with a definite volume of water, which was shown to remove the 
whole of the thallium. The concentration of the solution in the 
Beckmann tube was altered by adding more benzene from the 
reservoir to make it up roughly to its original volume, and the 
cycle of operations repeated. The thallous hydroxide in the 
aqueous layers was titrated with N /50-hydrochloric acid (methyl- 
red indicator) and the concentration of the original benzene solution 
could then be calculated. The benzyloxide was weighed into the 
Beckmann tube. 

The degrees of association of the thallous compounds were cal- 
culated (the cryoscopic constant of the benzene being taken as 53-1 

Fig. l. 


Association curves in freezing benzene . 
Molecular concmt/ration. 

0-00 0-02 0*04 0-06 0-0S 



Thallous methoxide — Q — . Thallous ethoxide — O' — • 

Thallous cyclohexanyloxide — A—. Thallous benzyloxide — X — . 

from the results of calibration experiments with naphthalene as 
solute) and plotted against the £C simple molecular concentrations/’ 
i.e., the quotient of the weight of solute per 100 g. of solvent divided 
by its simple molecular weight. The curves obtained are shown in 
Tig. 1 and the data from which they are constructed are tabulated 
below. The error in the associations of the sparingly soluble sub- 
stances could be expected to be 5%, allowing an error of 0*002° in the 
depression of freezing point and of 0*05 c.c. in the titrations. Tor 
most points it is actually less. 

Molecular Weights in Benzene , Ethyl and Methyl Alcohols by the 
Cottrell- W dshburn Boiling-point Method . 

The apparatus used for the measurements with benzene and ethyl 
alcohol was an adaptation of that described by Cottrell ( J , Amer. 
Chem . Soc. } 1919, 41, 721 ; see also Washburn, ibid., p. 729) so designed 
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Table I. 


dT , obs. 

G. solute per 
100 g. solvent. 

Simple mol. 
cone. 

M. 

Assocn. 

0*3095° 

Thallous ethoxide. 

5*90 0*0237 

1011 

4*06 

0*160 

2*92 

0*0117 

967 

3*88 

0*070 

1*105 

0*00444 

S37 

3*36 

0*379 

7*14 

0*0287 

999 

4*01 

0*165 

2*905 

0*0117 ' 

933 

3*745 

0*048 

0*628 

0*00252 

694 

2*785 

0*924 

19*32 

0*0776 

1108 

4*45 

0*690 

13*78 

0*05535 

105S 

4*25 

0*396 

7*41 

0*02975 

992 

3*98 

0*076 

Thallous methoxide. 
1*27 0*00540 

887 

3*775 

0*0385 

0*603 

0*002565 

833 

3*545 

0*078 

1*335 

0*00568 

907 

3*86 

0*038 

0*550 

0*00234 

767 

3*265 

0*050 

Thallous Ci/cfohexanvloxide. 

0-869 0-00287 921 

3*04 

0*048 

0*867 

0*00286 

957 

3*16 

0*040 

0*5055 

0*00229 

670 

2*21 

0*050 

0*8535 

0*002815 

905 

2*985 

0*037 

0*475 

0*00157 

681 

2*245 

0*032 

0*4175 

0*00138 

692 

2-283 

0*064 

0*872 

0*00288 

856 

2*825 

0*024 

Thallous benzyloxide. 
0*416 0*00138 

918 

2*95 

0*052 

0*938 

0*00302 

956 

3*075 

0*119 

2*431 

0*00782 

1083 

3*483 

0*043 

0*862 

0*00277 

1062 

3*415 

0*118 

2*464 

0*00793 

1170 

3*56 

0*235 

5*243 

0*0169 

1183 

3*805 

0*183 

4*079 

0*0131 

1181 

3*800 

0*379 

8*018 

0*0268 

1121 

3*604 

0*658 

13*98 

0*04495 

1126 

3*62 

0-142 

3*39 

0*0109 

1265 

4*06 

0*369 

8*515 

0*0274 

1223 

3*93 

0*538 

12*45 

0*0405 

1226 

3*94 


that the solutions could be kept dry. The dry solvent was distilled 
in a stream of dry air into a reservoir from which it could be elevated 
into a burette, as required, by suction, and it could be run out from 
this direct into the actual boiling-point apparatus. A side tube, 
from the outlet, was connected with this so that a positive pressure 
of dry air could be maintained within it, but no stream of air went 
through. The end space of the burette was calibrated in order that 
it could be completely emptied, and risk of solvent slowly leaking 
through the tap, which could not be greased, was thus avoided. 
The actual boiling-point apparatus is shown in Fig. 2. The outer 
^Pyrex tube was 5 cm. in diameter at the top, but only 2*5 cm. at the 
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bottom, in order to use less liquid. The cork A carried a Beckmann 
thermometer, B, the end of the burette, C, the leads to the spiral 
composition-tubing condenser, D, and the pressure supply tube, E. 
There was also a hole through which 
solution could be withdrawn. An inner Fig. 2. 

tube, E, 2-5 cm. in diameter, slightly 
constricted at the bottom, was held on 
to the thermometer by means of a cork, 
and the Y-tube G, through which the 
mixture of liquid and vapour rose, 
rested on this constriction and was held 
central by a loop of nickel wire encircling 
the thermometer. The dimensions are 
important, and the diagram is therefore 
drawn to scale. Radiation, etc., was 
prevented by the asbestos jacketing, 
and the burner was shielded from 
draughts by a mica chimney. 

The results of two trial runs with 
ethyl alcohol as solvent and benzil as 
solute are in Table II. The readings 
were steady to 0-001° and it will be 
seen that the method is satisfactory for 
elevations down to 0-02°. 

For the ethoxide, as in the freezing- 
point measurements, successive solu- 
tions were made up in the tube, their 
boiling points were determined, and 
they were then withdrawn and analysed. 

The more stable phenoxides could be 
weighed into measured volumes of 
benzene. 

The ethyl alcohol was first dried with 
quick-lime and then with calcium ; the 
benzene was treated as before. 


Table II. 


dT , 

Gr. solute per 

Ebullioseopic 

dT, 

G. solvent per 

Ebullioseopic 

obs. 

100 g. solvent. 

const. 

obs. 

100 g. solvent. 

const. 

0-021° 

0-3805 

11-59 

0-041° 

0*764 

11-27 

0*052 

0-9930 

11-00 

0-069 

1-261 

11-50 

0-101 

1-920 

11-05 

0-104 

1-914 

11-41 

0-173 

3-230 

11-25 

0-147 

2-735 

11-29 


Methyl alcohol rapidly attacked the corks in the above simple 
type of apparatus, so an all-glass apparatus, similar to that of 
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Washburn (loc. cit.), originally designed for use with pyridine, was 
adapted for use with this solvent. The dimensions were essentially 
the same as in the other apparatus, the inner tube fitted into the 
outer one by means of a large ground joint, the thermometer was 
fixed in it by a small piece of rubber tube, and the Y-tube rested on 
two pairs of indentations and was kept central by a loop of wire, as 
before. It had a side tube with a condenser jacket, and the end 
of this was connected with the dry air supply, so that a small pres- 
sure could be maintained within the apparatus. 

The methyl alcohol was supplied by the Balliol and Trinity 
College Laboratories and was dried with aluminium methoxide 
(from aluminium amalgam) ; the thallous methoxide was freshly 
made, and not recrystallised from benzene. The general procedure 
was like that for the ethoxide, the solutions being poured out 
through a small side tube after the boiling point had been determined. 

Fig. 3. 


Association curve oj ethyl thalloacetoacetate in boiling benzene. 



The degrees of association are tabulated below, and those for 
ethyl thalloacetoacetate are shown, plotted against simple molecular 
concentration, in Kg. 3. 

Table III. 

Molecular Weights in Ethyl Alcohol. 

G. solute per Simple mol. 

dT 9 obs. 100 g. solvent. cone. M, Assoen. 


Thallous ethoxide. 


0*140° 

13*08 

0*0526 

1065 

4*28 

0*066 

5*15 

0*0207 

890 

3*57 

0*040 

2*65 

0*0106 

755 

3*03 

0*113 

9*09 

0*0365 

917 

3*685 

0*116 

9-79 

0*0393 

963 

3*865 

0*079 

6*14 

0*0247 

887 

3*56 

0*039 

2*86 

0*0115 

836 

3*36 

0*156 

13*69 

0*0550 

1000 

4*02 

0*083 

5*63 

0*0226 

774 

3*11 

0*036 

2*88 

0*0116 

912 

3*66 

0*018 

1*52 

0*0061 

966 

3*88 


(Ebullioscopic constant taken as 11*4, mean value from Table II.) 
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Molecular Weights in Methyl Alcohol . 


Thallous methoxide. 


0‘076 

1*59 

0*0068 

186*5 

0*79 

0*088 

2*043 

0*0087 

206*5 

0*88 

0*062 

1*96 

0*0083 

281 

1*20 

0*080 

2*07 

0*0088 

230*5 

0*98 

(Ebullioscopic constant taken as 8*9, mean of values in “ 

Physikalische* 


Chemische Tabellen,” Landolt-Bornstein.) 


Molecular Weights in Benzene. 



Thallous phenoxide. 



0*029 

1*124 

0*00378 

1091 

3*67 

0*065 

2*226 

0*00749 

1139 

3*835 

0*025 

0*762 

0*00257 

858 

2*89 

0*048 

1*288 

0*00434 

755 

2*54 

0*060 

1*680 

0*00566 

787 

2*65 


Thallous 

o -methoxyphenoxi de . 


0*026 

1*113 

0*00340 

1223 

3*74 

0*045 

1*900 

0*00581 

1188 

3*63 

0*080 

3*650 

0*01116 

1283 

3*92 

0*135 

5*910 

0*01840 

1232 

3*77 

0*036 

1*818 

0*00555 

1420 

4*34 

0*055 

2*672 

0*00815 

1367 

4*17 

0*086 

4*075 

0*01243 

1333 

4*07 

.0*123 

5*490 

0*01678 

1256 

3*84 


Thallous 

m-methoxyphenoxide. 


<0*032 

1*504 

0*00460 

1321 

4*04 

<■0*064 

3*952 

0*0121 

1321 

4*04 

vO'lll 

5*290 

0*0162 

1338 

4*09 

<0*053 

2*400 

0*00734 

1279 

3*90 

‘0*112 

4*285 

0*0131 

1076 

3*29 

<0*138 

5*430 

0*0166 

1105 

3*375 


Thallous o -vanillin derivative. 


0-041 

1*639 

0*00463 

1124 

3*18 

0*050 

2*385 

0*00674 

1340 

3*78 

0*085 

3*565 

0*01007 

1180 

3*33 


Ethyl thalloacetoaeetate. 



0*055 

0*864 

0*00259 

442 

1*37 

0*080 

1*335 

0*00401 

469 

1*41 

0*109 

2*028 

0*00610 

524 

1*57 

0*254 

5*680 

0*01705 

629 

1*89 

0*382 

8*990 

0*0270 

662 

1*99 

0*058 

0*815 

0*00245 

395 

1*185 

0*086 

1*384 

0*00416 

451 

1*356 

0*129 

2*288 

0*00687 

498 

1*495 

0*177 

3*440 

0*01033 

546 

1*64 

0*209 

4*210 

0*01263 

566*5 

1*70 


' ^Ebullloscopic constant taken as 28*14, from calibration with benzil as 

solute.) 


Solubility Measurements . 

These were made by the usual analytical method, the two phases 
being stirred together for various periods, after which the solutions 
were withdrawn, filtered, and analysed. All outlets were protected 
3n 
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with sulphuric acid tubes, and a mercury-sealed stirrer was used, in 
order to prevent the ingress of moisture. 

The observed solubilities at 25° were : thallous ethoxide in ethyl 
alcohol, 9*108 g. / 100 g. ; thallous methoxide in methyl alcohol, 
1*703 g./lOO g. ; thallous methoxide in benzene, 3*16 g./lOO g. 

These are the mean values of sets of readings which each included 
one result obtained by saturating for at least 11 hours. 

Discussion of Results. 

Both the aliphatic and the aromatic alcoholates of thallium 
behave in water as salts, and their differences in such properties as 
ease of hydrolysis can be explained by the differing acidities of the 
parent alcohols. They all dissolve in benzene, however, as much 
as covalent compounds could be expected to do, which shows that 
they are covalent in benzene and therefore, presumably, in the solid 
state. In these solutions they are highly associated, fourfold 
association being already complete when the actual concentrations 
(of the polymeride) are only about 2V/20 in the case of the four 
aliphatic compounds examined and the o- and ra-methoxyphenoxides. 
The phenoxide and the o- vanillin derivative, at actual concentrations 
of N/100 — 'N I & 0, are already associated about three times, but their 
sparing solubility prevents measurements at higher concentrations. 
The ethoxide (but not the benzyloxide) appears to undergo a slow 
further polymerisation in more concentrated solutions. Its complex 
is, moreover, stable in ethyl alcohol, but the methoxide is apparently 
unimolecular in methyl alcohol. Though both of these are more 
soluble in benzene than in their parent alcohols, the difference (at 
25°) is less for the methoxide (benzene, 3-16 g./lOO g. ; methyl 
alcohol, 1*7 g./lOO g.) than for the ethoxide (completely miscible 
with benzene; ethyl alcohol, 9-1 g./lOO g.), which is probably 
connected with the difference of molecular states in the alcohols. 
From this it is evident that a fourfold polymeride exists which has 
a very considerable degree of stability and must, therefore, have a 
structure which explains why the alcoholates associate readily up 
to four times, and no further. One possibility is a cubic structure 
(I) and another is an eight-membered ring structure (II) : — 
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In the former structure the thallium, having gained one electron 
from the normal covalency and two from each co-ordinate link, has 
a complete octet 2, 3, 3 , this including the two electrons which are 
inert in the normal thallous compounds. The oxygen atoms have 
each formed two co-ordinate links and so have completely shared 
octets as in basic beryllium acetate (Morgan and Bragg, Proc. Roy . 
Soc. s 1923, 104, 437; Sidgwick, Nature , 1923, 111, 808). The 
further polymerisation could be accounted for by assuming the 
formation of a co-ordinate link from a thallium atom in one mole- 
cule to one in another. In the ring structure each thallium atom 
has four shared electrons, having gained one by forming a covalency 
and two from the donor link, so it would probably have a shared 
quartet outside the core plus the “ inert pair ” (78) (2), 2, 2 . Each 
oxygen has two ordinary covalencies and one co-ordinate link, as 
in the majority of its co-ordination compounds. Further polymeris- 
ation could occur either by the formation of a double bond between 
one or more pairs of thallium atoms in different molecules, or by the 
formation of a co-ordinate link from oxygen to thallium. 

The main difficulty in the cubic structure is that it would cer- 
tainly be highly strained, though a compound, 


x OH\ 

(NH 3 ) 3 C(K-OH-Co(NH 3 )3 

x OH x 


the existence of which was established by Werner (Ber. } 1907, 46, 
4834), would have approximately the same degree of strain per atom, 
if the metallic atoms in each be assumed to have their valencies 
normally at right angles, as is certainly the case for the cobalt and 
possibly for the thallium. If not, the strain would be about twice as 
great as in this other compound. There is, on the other hand, a 
strong a priori objection to the ring structure inasmuch as no eight- 
membered chelate rings, in the strict sense of the word, are definitely 
known to exist (Sidgwick, “ Electronic Theory of Valency,” p. 251), 
whereas six-membered chelate rings are very common, and, there- 
fore, if a ring compound were to be formed by polymerisation, we 
should expect it to be a three-fold and not a four-fold complex. 
In both, formulae we postulated that the thallium should accept 
co-ordinate links, but it is remarkable that it does not appear to do 
this from pyridine or acetone ; the thallous phenoxides can be pre- 
cipitated unchanged from pyridine solutions by ligroin, or recrys- 
tallised from acetone. Moreover, the one type of thallous ammine 
reported (Biltz and Stollenwerk, Z. anorg . Chem ., 1921, 119, 97) is 
only formed in liquid ammonia. 

Ethyl thalloacetoacetate was found not to be a simple co-ordin- 
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ation compound, but to be completely polymerised to a two-mole- 
cular complex in a solution N /8 in actual concentration. This 
polymeride could be formed in either of two ways. First, by the 
formation of a double bond between the two thallium atoms, which 
was suggested as a way in which the eight -membered ring might 
polymerise; this would be analogous to the readiness of the inert 
pair of electrons to partake in the formation of a completely shared 
octet, which is so marked in lead. 

o-c 2 h 5 

H C 0 CH S 

YVi/Y 

C C 

chTV 'Y' X h 

o-c 2 h 5 

Secondly, co-ordinate links from oxygen to thallium could be 
formed, so that the thallium would be given a mixed octet, as in the 
suggested cubic structure. In fact, the whole similarity of the two 
structures may be taken to support both. Thallous acetylacetonate 
was reported by Kurowski ( Ber ., 1910, 43, 1078) to be unimolecular 
in ethyl alcohol, but we could not confirm this ; we obtained irregular 
results suggestive, possibly, of alcoholysis. We should expect the 
thallous derivative of o- vanillin to behave in the same way, but 
actually, as previously stated, it appears to be associated largely to 
the four-fold polymeride. 

These results are of interest in their bearing on Sugden’s deduc- 
tions from the parachors of thallium compounds (J., 1929, 310). 
He there claims to have shown that the parachor of thallium in 
ethyl thalloacetoacetate is approximately the same as in dimethyl- 
thalliumbenzoylacetone, whether we assume singlet or duplet 
linkages, and the same as in thallous ethoxide, formate, and acetate, 
if we assume singlet linkages in the first two, and duplet linkages in 
the last three substances. If we assume that no allowance has to 
be made for the tervalency of the oxygen, the eight-membered ring 
structure gives parachor values for thallium practically identical with 
those derived from the unimolecular formula, on either the singlet 
or the duplet link hypothesis ( ca . 62 for duplet links, and 85 for 
singlet links). The cubic structure involves parachors for thallium 
of about 48 for duplet links and less than 30 for singlet links. In 
order to derive a parachor value of about 62 from ethyl thallo- 
acetoacetate, which we now know to be bimolecular, we must assume 
that all the thallium linkages (including those uniting the two 
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simple molecules) are singlet links; all other assumptions give 
lower values. Thus, the difficulty of reconciling the various data 
for is that we have to assume that the polymerisation arises from 
the formation of duplet links in the case of the ethoxide and singlet 
links in the case of the acetoacetic ester derivative. 

We should expect that, if the cubic structure were the correct 
one, crystals of the alcoholates would be cubic. From the previously 
mentioned crystallographic examination of the benzyloxide (the 
only derivative which gave suitably large crystals) this obviously 
was not so, but the cubic structure is not definitely ruled out as a 
consequence; carbon tetrabromide is cubic above 46*68°, but 
monoclinic below this temperature (Zirngiebl; compare Groth, 
“ Chemische Krystallographie, 55 Vol. I; [Leipzig, 1906], p. 229). 

Though the structure of the four-molecular complex cannot be 
settled from the available evidence, its stable existence is interesting, 
since it shows that mono-covalent thallium, which could have a 
partially shared quartet (78), 2, 1, 2, or a shared pair outside the 
core plus the inert pair (78) (2), 1 , 1 (compare the mercurous ion), 
although it can exist, is very unstable, and this may be correlated 
with the fact that no monoalkyl derivative of thallium has yet 
been isolated. 

We should like to express our thanks to Dr. R. C. Menzies for his 
great kindness in supplying specimens of several thallous compounds 
and for his helpful advice regarding the preparations ; also to Imperial 
Chemical Industries Ltd. for a grant towards the expenses of the 
research. 

The Dyson Perrins Laboratory, 

Oxford. [j Received, May 13 th, 1930 .] 


CLXXXIX . — The Poly sulphides of the Alkali Metals , 
Part I. Sodium (i). 

By Thomas Gibson Pearson and Percy Lucock 
Robinson. 

In spite of much research, little is definitely known of the poly- 
sulphides of the alkali metals, for none of the earlier work has 
escaped criticism, and, indeed, only the latest work, that of Rule and 
Thomas (J., 1914, 105, 177, 2819; 1917, 111, 1063), has remained 
unchallenged. Two anomalies, typical of many, are that one pub- 
lished equilibrium diagram shows eight and another four compounds ; 
also, that the existence of a series of disodium compounds, described 
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either by Sehone or by Bottger, was contradicted by Bloxam, whose 
tetrasodium enneasulphide, in turn, Rule and Thomas were unable to 
prepare. Moreover, certain standard treatises in English appear to 
have been misled by several mistranslations in abstracts. In 
view of the great diversity of opinion, and as we were interested in 
the individual polysulphides as a possible source of pure persulphides 
of hydrogen (compare Mills and Robinson, J., 1928, 2326), we decided 
that an extensive re-examination of this field was essential. 

The present paper describes a careful reinvestigation of all the 
previous work on the polysulphides of sodium, with the exception 
of that of Hugot {Cornet, rend., 1899, 129 , 388) in liquid ammonia, 
of Kuster and Heberlein on the electrochemistry of aqueous 
polysulphide solutions, and of Sabatier (Ann. Chim. Phys ., 1881, 
22, 15) on thermochemical aspects. An endeavour to account for 
previous discrepancies has in great measure been successful. More- 
over, certain other methods of attack have been applied to these 
problems for the first time, particularly (1) the amplification of 
thermal analysis of the system sodium monosulphide-sulphur 
by microscopic methods ; (2) the confirmation of the existence of 
di-, tetra-, and penta-sulphides in melts by measurement of the 
loss of sulphur at various temperatures ; and (3) the partial study of 
the system sodium monosulphide-sulphur-water-alcohol. 

The conclusions reached are sum m arised on p. 1496. The 
peculiar stability of sodium tetrasulphide is significant. It appears 
to be readily obtained from solution in both anhydrous and hydrated 
forms and, furthermore, to be the only polysulphide obtainable 
from the hydrosulphide. Trisulphide, on the other hand, appears 
to be formed at 120° but to be completely decomposed into a 
mixture of di- and tetra-sulphides at temperatures far below its 
melting point; It would seem, however, that this stability is an 
inherent property of the molecular type Na 2 X 4 , rather than of the 
tetrasulphide itself, since dehydration of the highest hydrates at 
100° produces Na 2 S,3H 2 0, Na 2 S 2 ,2H 2 0, Na 2 S 3 ,H 2 0, and Na 2 S 4 , 
and leads to the hydrolysis of pentasulphide. 

Further work, designed to elucidate the structure of these poly- 
sulphides, is in progress. 

Experimental. 

Preparation of Materials Used . — The sodium from Imperial 
Chemical Industries, Ltd., was kept under dry liquid paraffin con- 
taining 1% of amyl alcohol, which is known to preserve a fresh 
metallic surface. Experience enabled the metal to be cut to within 
0*1 g. of the desired weight, thereby reducing oxidation to a 
minimum. 
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The sulphur was twice recrystallised from carbon disulphide and 
dried for several hours at 100°. 

Absolute alcohol was dried by being twice refluxed for 3 hours 
over freshly burnt quick-lime and then distilled from the same 
material, with rejection of small head and tail fractions. 

Toluene was dried by refluxing over metallic sodium, then over a 
polysulphide, and distillation from metallic sodium, small head and 
tail fractions being rejected. 

Analytical Methods . — The total sulphur content was determined 
by adding a weighed amount of the polysulphide in aqueous 
solution to 50 c.c. of 10% sodium hydroxide containing 7 c.c. of 
bromine. The solution was gently heated until of a light straw colour, 
whereupon 30 c.c. of hydrochloric acid were added and the whole was 
boiled until colourless. The sulphate was then estimated in the 
usual way with barium chloride. 

The polysulphide sulphur and the sodium were determined 
together on the same weighed sample : (1) a slight excess of 10% 
sulphuric acid was added, and the solution boiled to coagulate the 
precipitated sulphur, which was filtered, thoroughly washed, and 
dried in an electric oven at 70 — 80° ; (2) the filtrate was concentrated 
to a suitable volume, transferred to a platinum dish, evaporated to 
dryness, fused to the sulphate, and weighed. 

Blanks were done on all the reagents used. 

Experimental details are described under the relevant sections. 

I. The Preparation of Polysulphides from Solution ... 

(i) The Action of Sulphur on Sodium Monosulphide in Aqueous 
Alcohol . — Schone {Pogg. Ann., 1867, 131, 380) dissolved excess of 
sulphur in aqueous sodium monosulphide, evaporated the solution 
to crystallisation in a vacuum, triturated it with alcohol, and cooled 
it in a freezing mixture, obtaining pale yellow plates of hydrated 
sodium tetrasulphide, Na 2 S 4 ,6H 2 0. The mother-liquor on being 
chilled after further concentration gave orange-yellow crystalline 
pentasulphide, Na 2 S 5 ,6H 2 0. Later, Eilhol {Ann. Chim. Phys., 
1873, 28 , 529) failed to obtain any polysulphides from sulphur and 
aqueous monosulphide in sealed tubes, but Bottger (Annalen, 1884, 
226 , 335) described the formation of four polysulphides, Na 2 S 2 ,5H 2 0, 
Na 2 S 3 ,3H 2 0, Na 2 S 4 ,8H 2 0, and Na 2 S 5 ,8H 2 0, by solution of the 
calculated amounts of sulphur in aqueous-alcoholic sodium mono- 
sulphide. These results were criticised by Bloxam (J., 1900, 77, 
753) on the grounds that the alleged poly sulphides could not have 
been formed since the sulphur added did not allow for the 
simultaneously formed thiosulphate (compare Chem. News , 1895, 
72, 63), or, alternatively, if formed, the polysulphides would have 
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been contaminated with this thiosulphate, which becomes soluble in 
alcohol in their presence ; further, he criticised the absence of data 
as to yield or description of the product, and doubted whether any 
pure polysulphide had been obtained. In consequence, Bloxam 
attempted to prepare them by the action of sulphur on aqueous 
hydrosulphide in a stream of hydrogen sulphide, but obtained only 
an alleged tetrasodium enneasulphide, Na 4 S 9 ,14H20 (compare 
p. 1483). 

Kiister and Heberlein (Z. anorg. Chem 1905, 43, 53, 431) found 
that the solubility of sulphur in solutions of the monosulphide 
diminished only slightly with rise in temperature between 0° and 50° 
and depended mainly on the concentration of the monosulphide, 
being at a maximum at 0-063JS 7 ; the elements were then present in 
the atomic ratio Na : S = 2 : 5*24. They advanced evidence that a 
complex equilibrium rather than definite compounds existed in the 
solutions. They also noted the unique stability of solutions of 
tetrasulphide composition and showed that the polysulphides 
undergo hydrolysis to an extent which diminishes regularly with 
increasing sulphur content. 

It is evident that the formation of a number of polysulphides by 
Bottger’s method was possible, and that the problem could be best 
solved by a phase-rule study of the system monosulphide-sulphur- 
water-alcohol. As a complete investigation was impracticable, 
however, we examined the solid phases separating from a series of 
solutions having a wide range of S : Na ratios at one temperature, 
viz., — 18° ± 2° (compare Lash Miller and Kenrick, J. Physical 
Chem ., 1903, 7, 259). These ratios for corresponding solid and liquid 
phases are plotted in Figs, la and 16, and indicate unquestionably 
the formation of hydrated forms of di-, tri-, tetra-, and penta- 
sulphide, excluding the possibility of solid solutions. The work of 
Bottger and Schone is therefore confirmed, although in several cases 
our hydrates differed from theirs ; the new hydrates are : Na 2 S 2 ,6H 2 0 ; 
Na^Ss^HgO; Na 2 S 4 ,9H 2 0; and Na^llH^O; Na 2 S 5 ,6H 2 0. To 
these must be added a tetrasulphide which may be either a hepta- 
or a mixture of octa- and hexa-hydrates. Dehydration of these 
materials at 100° led to the formation of Na 2 S 2 ,2H 2 0 and Na 2 S 3 ,H 2 0. 
A more extensive study of these hydrates is being undertaken by 
means of vapour-pressure measurements. 

We therefore dissent from Bloxam (toe. cit.), not only as to the 
formation of these compounds, but also as to their alleged serious 
contamination with thiosulphate and alcohol : with suitable pre- 
cautions only traces of these substances are present. Further, it is 
significant that Biltz and Wilke-Dorfurt (Ber., 1905, 38, 123 ; Z. 
gnorg. Chem., 1906, 48, 297) prepared rubidium and caesium poly- 
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sulphides by a similar method without observing the formation of 
thiosulphates. 

Fig. la. 




Atomic ratio S/Na in liquor from lower layer. 


Experimental . Solutions of the hydroxide for conversion to 
monosulphide were prepared by the action of clean metallic sodium 
on aqueous alcohol (Kiister, Z . anorg. Chem ., 1904, 41, 474) of 
3 d 2 
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known composition. One-half of the solution was treated with 
hydrogen sulphide, giving pearly crystals which redissolved as 
saturation proceeded. The addition of the second half of the caustic 
soda immediately produced a nacreous crystalline precipitate which 
disappeared on warming. In this solution the requisite weight of 
sulphur was then dissolved by gentle heating on the water-bath for 
the minimum time. The 'resulting solutions varied in colour from 
light yellow at the disulphide composition to deep red at the penta- 
sulphide. Within a specific range of composition, between di- and 
tetra-sulphide, a dark-coloured oil separated as a lower layer from 
the bulk of the solution on standing (see below). 

The solutions — separated from the oils where necessary — were 
sampled for analysis and then crystallised in standard freezing 
mixtures of salt and ice (i.e., at — 18° ± 2 Q ) except in runs 27 and 
28, in which cooling was effected in ether and solid carbon dioxide 
at about — 60°. In the preliminary experiments, the solutions 
were crystallised completely in one cooling period of several hours, 
but the products generally had complex S : Na ratios and, as shown 
by subsequent fractional crystallisation, were mixtures formed by 
the successive crystallisation of individual polysulphides. In those 
exceptional cases, however, where large fractions of definite 
stoicheiometric composition were obtained, the first solid phase had 
obviously continued to be formed although metastable to the 
changed liquid, e.g ., runs 15, 16, 17. In general, therefore, fractions 
of crystals small enough to effect but little alteration in the com- 
position of the solution were removed by filtration, washed first with 
ice-cold absolute alcohol and then with dry ether, exposed to 
phosphoric oxide and paraffin chips in a vacuum desiccator for 20 
minutes, and analysed. Where large fractions were taken the 
resultant liquors were analysed (see footnote to runs 5, 15, 16, 17, 
19, Table I). The results are shown in Table I and Pig. la, the 
S/Na ratios being, as elsewhere, atomic ratios. The “poly- 
sulphide ” sulphur is denoted throughout by (S). 

The red oily liquid separating when the ratio S : Na in the solution 
was between 1-09 and 1-94 proved to be an aqueous polysulphide 
of such high concentration as to suggest that it consisted of molten 
hydrates; moreover, it invariably approximated to the trisulphide 
in composition, e.g., when the upper layer had S:Na=^ 1*879: 1, 
the lower had the ratio 1*650 : 1 . The oils were sampled for analysis, 
cooled to — 7°, and the smallest possible fraction of crystals was 
separated and dried as above. This was extremely difficult, for, 
once started, crystallisation tended to spread rapidly through the 
system. The mother-liquors after filtration were therefore 
frequently analysed to check changes due to the crystallisation 
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Table I. 

Solution. 


Crystals. 


No. 

Na, g. 

Water, 

c.c. 

c.c. 

S/Na. 

Na, %. 

(S), %- 

s, %. 

~S/Na. 

1 

6 

65 

25 

0-974 

20-33 

13-83 

28*94 

1-023 

2 

6 

65 

25 

1-007 

20-33 

14-20 

30-00 

1-061 

3 

6 

80 

6 

1-007 

21-68 

14-53 

30-10 

1-021 

4 

6 

80 

6 

1-007 

24-36 

17-39 

35-00 

1*033 

t« 

6 

80 

25 

1-087 

21-25 

13-83 

29-50 

1-021 

6 

6 

80 

12 

1-322 

20-51 

17-10 

29-75 

1-042 

7 

6 

85 

25 

1-348 

19-63 

13-26 

27-27 

1-033 

8 

6 

65 

25 

1-383 

20-56 

16-63 

29-36 

1-027 

9 

3-7 

80 

7-5 

1-503 

21-20 

14-31 

28-62 

0-970 

10 

6 

80 

10 

1-561 

21-11 

14-75 

29-62 

1-009 

11 

6 

6 > 

25 

1-564 

21-09 

— 

29-92 

1-016 

12 

5-6 

84 

6 

1-618 

21-23 

13*37 

29-37 

0-994 

13 

6 

80 

7-5 

1-602 

21-22 

13-55 

33-53 

1-136 

14 

6 

65 

25 

1-685 

16-10 

20-33 

— 

1-408 

1*15 

6 

80 

25 

1-689 

16-44 

31-17 

42-67 

1-839 

fl6 

6 

85 

20 

1-680 

16*02 

32-24 

44-16 

1-982 

tl7 

6 

65 

25 

1-706 

19-58 

38-97 

53*65 

1-970 

18 

6 

80 

10 

1-718 

15*85 

24-77 

39-41 

1-787 

f 19 

6 

80 

25 

1*744 

16-02 

30-82 

41-24 

1-854 

20 

6 

65 

25 

1-744* 

15*75 

31-65 

43-12 

1-967 

21 

6 

65 

25 

1-744* 

15-76 

31-58 

42-90 

1-957 

22 

6 

65 

25 

1-744* 

15-72 

31-54 

43-31 

1-980 

23 

6 

80 

12 

1-946 

15-73 

36-08 

46-22 

2-112 

24 

6 

65 

25 

1-999 

14-75 

29-51 

42-43 

2-068 

25 

6 

65 

35 

1-999* 

14-14 

29-73 

39-14 

1-989 

26 

6 

65 

25 

1-999* 

15-43 

31-32 

43*36 

2-020 

27 

6 

65 

40 

1-999* 

13-59 

28-75 

38-06 

2-013 

28 

6 

65 

40 

1-999* 

12-49 

25-64 

34-10 

1-962 

29 

6 

70 

25 

2-500 

15-61 

32-01 

42-92 

1*976 

30 

4 

60 

15 

2-814 

15-33 

37-59 

48-25 

2-262 

31 

6 

65 

15 

3-011 

14-70 

40-45 

51-15 

2-502 

32 

6 

65 

15 

3-219 

14-68 

40-62 

51-20 

2-506 


* Computed from weight of sulphur added, not by analysis of solution, 
f The S/Na ratio in solution after crystallisation in these runs was as 
follows : 


Run 5 15 16 17 19 

Ratio 1-216 1-228 1-144 1-276 1-721 


of too large a fraction. The results are given in Table II and 
Fig. 16. 

The products were tested for the presence of alcohol by distilling 
5 g. samples in nitrogen until all volatile matter had been evolved, 
the water condenser finally being thoroughly rinsed into the ice- 
cooled receiver. The distillate was then submitted to Dupr6’s 
modification of Thresh’s test [. Pharm . J (3), 9, 408], and the 
quantity of alcohol shown to be less than 0*02% of the original 
crystals. Comparative experiments using the iodoform reaction 
indicated a quantity of the order of 0*01 %. Thiosulphate, produced 
partly by aerial oxidation and partly by solution of sulphur in the 
hydrolysed monosulphide, was invariably present in small quantities 
in the crystals; that due to oxidation could be minimised by 
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Oil. 


Table II. 




h 2 o, 

Alcohol, 

v \ 


J OIICVJ.OI 


No. 

Na, g. 

C.C. 

C.C. 

S/Na. 

Na, %, 

(S), %- 

S, %. 

S/Na. 

*33 

6 

80 

25 

1*279 

21*40 

14*33 

30*29 

1*018 

34 

6 

85 

25 

1*292 

21*08 

14*15 

29*85 

1*018 

35 

6 

80 

25 

1*344 

22-05 

13*80 

29*57 

0*964 

36 

6 

80 

25 

1*374 

20*03 

14*77 

29*99 

1*076 

37 

6 

85 

25 

1*383 

20*55 

16-00 

29*40 

1*029 

*38 

6 

80 

25 

1-409 

22*13 

15*05 

30*28 

0*983 

39 

6 

80 

25 

1*499 

21*97 

19*00 

35*21 

1*152 

40 

6 

65 

25 

1*512 

16*19 

23*88 

34*95 

1*548 

*41 

6 

60 

25 

1*574 

16*25 

22*55 

34*73 

1*536 

42 

6 

80 

25 

1*585 

16*35 

23*20 

34*42 

1*514 

*43 

5*15 

60 

25 

1*650 

16*11 

22*76 

33*74 

1*501 

44 

6 

60 • 

35 

1*743 

16*02 

22*56 

33*72 

1*513- 

45 

6 

80 

25 

1*790 

17*45 

23*34 

35*85 

1*477 

*46 

6 

80 

25 

1*826 

16*51 

32*25 

42*85 

1*864 

47 

6 

65 

25 

1*870 

15*85 

31*32 

43*85 

1*988 

* 

The S/Na 

, ratio in 

solution , 

after crystallisation in these 

runs was : 


Run 


33 

3S 

41 

43 


46 


Ratio 

1 

•512 

1*790 

1*620 

1*790 

1*905 


avoiding access of air to the polysulphides or their solutions, and 
the remainder by dissolving the sulphur as quickly as possible in the 
monosulphide at the lowest convenient temperature, viz., 60°. 
If the first precaution was not observed, 20 minutes’ boiling gave 
in octahydrated tetrasulphide crystals a thiosulphate content of 
2*6 — 3-0%; by careful exclusion of air, this was reduced to 1*6%, 
and the second precaution reduced this still further to 0*5 — 1%. 

Properties of the hydrated poly sulphides. The disulphide liexa- 
hydrate is a cream-coloured, acieularly crystalline compound; like 
the other hydrated sulphides, it is very soluble in water and less so 
in alcohol, giving clear, light yellow solutions. The mean of the 
analyses of twelve different samples gave: Na, 21*11 ±0*23; 
(S), 14*51 ± 0*33 ; S, 29*79 ± 0*23 [Na 2 S 2 ,6H 2 0 requires Na, 
21*30; (S), 14*68; S, 29*36%]. Two samples when heated at 
100° in a stream of pure hydrogen lost 34*20 and 34*80% of water, 
giving the dihydrate (Na 2 S 2 ,6H 2 0 requires 4H 2 0, 33*02%). The 
hexahydrate on heating to 200° could be almost completely de- 
hydrated (Loss : 47*80, 48*50, 48*82. Calc. : 49*54%), but the 
removal of the last trace of water involved loss of hydrogen sulphide. 

The hydrated trisulphide obtained from the oily layer consisted 
of dark yellow lamellae melting at about 25° to a thick, oily, reddish- 
brown liquid. It appeared to be an octdhydrate [Found (mean of 
17 analyses on independent preparations): Na, 16*21 ±0*14; 
(S), 23*08 ± 0*40; S, 34*03 ±0*20. Na 2 S 3 ,8H 2 0 requires Na, 
16*08 ; (S), 22*38 ; S, 33*57 %]. On dehydration at 100° in a stream 
of hydrogen, three samples lost 43*96, 44*92, and 44*49% of water, 
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giving a monohydrate (Na 2 S 3 ,8H 2 0 requires 7H 2 0, 44-05%). The 
remaining water cannot he completely removed without considerable 
hydrolysis; e.g ., at 200° three samples lost 47*94, 48*51, 49*20% 
(Calc, for 8H 2 0 : 50*35%). 

The hydrated tetrasulphides formed golden-yellow, glistening 
plates. The degree of hydration depended upon temperature and 
water concentration of the liquid from which they were crystallised. 
With high water content at low temperatures, two higher hydrates 
were obtained [Found in A : Na, 13*59 ; (S), 28*75 ; S, 38*05. 
Na 2 S 4 ,9H 2 0 requires Na, 13*69 ; (S), 28*58; S, 38*10%. Found in 
B: Na, 12*49; (S), 25*64; S, 34*10. Na^lULjO requires Na, 
12*37; (S), 25*81; S, 34*41%]. When the water content was 
reduced, an octahydrate separated [Found (mean of 8 analyses on 
8 different samples): Na, 14*45 ±0*14; (S), 29*62 ±0*40; S, 
40*78 ±0*32. Calc.: Na, 14*47; (S), 30*19; S, 40*26%]. By 
reducing the proportion of water or raising the temperature, a 
product which might be either a hepta- or mixture of hexa- and 
octa-hydrates was obtained [Found: Na, 15*76; (S), 31*58; S, 
43*24. Calc, for heptahydrate : Na, 15*33; (S), 32*00; S, 42*66%]. 

Dehydration of any of these preparations at 100° gave no evidence 
of lower hydrates, and the whole of the water could be removed at 
140° : thus three separate samples of octahydrate lost 46*35, 
44*92, and 45-67% (Calc. : 45*27%). 

The pentasulphideis an orange- coloured hexahydrate, crystallising 
in minute plates [Found : Na, 14*67 ; (S), 40*54; S, 51*18. Calc. : 
Na, 14*65 ; (S), 40*77 ; S, 50*96%]. This material obviously 
suffered decomposition by hydrolysis on dehydration even at 100°. 

(ii) The Action of Sulphur on Anhydrous Alcoholic Solutions of 
Sodium Monosulphide. — Solutions of polysulphides have been pre- 
pared by dissolving sulphur in alcoholic solutions of sodium mono- 
sulphide. Through an examination of the solids crystallising from 
solutions varying considerably in the ratio S : Na, it has been 
established that, although unsuitable for preparation of pure 
polysulphides, the method yields di-, tri, tetra-, and probably 
penta-sulphide. There is also some evidence of the existence of 
alcoholates, and this is being investigated by means of vapour- 
pressure measurements. 

Experimental . A solution of sodium (4 g.) in anhydrous alcohol 
was converted to the monosulphide by dividing it into two equal 
portions, saturating one with hydrogen sulphide, gently boiling 
it in a stream of nitrogen to remove excess of gas, and adding it 
to the other. The requisite weight of sulphur was dissolved by 
boiling for the minimum time. The resulting liquids were, after 
analysis, partly crystallised by evaporation in a vacuum at 15°. 
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The small fraction of crystals deposited was quickly collected on 
a Buchner funnel, well pressed, washed with several small quantities 
of anhydrous alcohol, dried by exposure to calcium chloride in a 
vacuum desiccator, and analysed. The results are in Table III. 

The solubility of the polysulphides increased with their sulphur 
content, so that with solutions above the tetrasulphide composition 
the separation of a primary fraction was prevented by crystallisation 
taking place in one stage with the removal of all but the last trace 
of alcohol. These products obviously had the composition of the 
mother-liquor and were therefore examined under the microscope 
without analysis. About the composition Na 2 S 4 . 5 , a large proportion 
of yellow crystals, typical of tetrasulphide, appeared, together with 
some brownish-yellow crystals, characteristic of pentasulphide. 
The light yellow constituent was largely replaced by the darker 
constituent at about the pentasulphide stage, whilst in the hexa- 
sulphide region this replacement was complete, but light yellow 
crystals of sulphur appeared. The products were in every case 
homogeneous microcrystalline polysulphides, uncontaminated by 
thiosulphate, but containing alcohol in such quantities as to indicate 
the presence of alcoholates (compare Buie and Thomas, J., 1914, 
105, 177). The disulphide was golden-yellow, acicular, and micro- 
crystalline; the trisulphide formed dull yellow, tabular crystals; 
the tetrasulphide, dull yellow cubes with an olive-green tinge; 
and the pentasulphide, deep, orange, tabular crystals. 


Solu- 

tion. 


Crystals. 

Table III. 

Solu- 


Crystals. 


%• (S), %. 

s. %- 

-s 

S/Na. 

S/Na. 

/ 

Na, %. 

(S), %. 

s. %• 

S/Na. 

1-100 

40-73 

27-69 

56-41 

0-996 

1-675 

25-46 

45-01 

62-80 

1-773 

1-250 

25-88 

37-31 

52-91 

1-471 

1-751 

22-04 

45*63 

61-14 

1-994 

1-501 

27-41 

38*15 

57-36 

1-505 

2-001 

26-41 

54-00 

72-00 

1-960 

1-600 

27-11 

37-36 

56-22 

1-490 

2-150 

25-33 

53-22 

71-87 

2-040 


(iii) The Action of Sulphur on Sodium Hydrosulphide . — Rule and 
Thomas (ibid.) dissolved various proportions of sulphur in a solution 
of sodium hydrosulphide in anhydrous alcohol and found pure 
tetrasulphide to be formed only with the elements present in the 
calculated ratio. With less sulphur the products were considered 
to be mixtures of tetrasulphide and unchanged hydrosulphide, 
with pentasulphide proportions a mixture of tetrasulphide and 
sulphur resulted, but with more sulphur still there was some 
indication of higher poly sulphides in the mixture. These authors 
confirmed their conclusions by estimating the hydrogen sulphide 
evolved during the dissolution of the sulphur. 

We have repeated and confirmed these results, and have extended 
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the experiments to aqueous -alcoholic solutions. This was done 
because the nearly equal solubility of hydrosulphide and tetrasulphide 
in anhydrous alcohol makes it impossible fractionally to separate 
them from this medium. In aqueous alcohol, however, the former 
appears to be definitely less soluble than the latter, and thus it has 
been possible to crystallise tetrasulphide as a late fraction even 
from solutions initially containing only sufficient sulphur to form 
trisulphide. Consequently, it would seem that sodium tetra- 
sulphide is the only product from hydrosulphide over an extended 
range of sulphur concentration. 

Bloxam (loc. cit.) stated that only one definite compound, viz., 
Na 4 S 9 ,14H 2 0, could be obtained from solutions of sulphur in aqueous 
hydrosulphide. In an endeavour to obtain such tetrasodium salts, 
we passed hydrogen sulphide through aqueous-alcoholic solutions 
of the hydrosulphide whilst the sulphur was dissolving. Products 
of extremely variable composition were obtained, and only a 
fortuitous choice would have given compounds apparently of the 
type described by Bloxam. If such compounds were actually 
produced, they would have to contain at least 14 molecules of 
water. This high state of hydration is unusual, and the cumulative 
evidence suggests that the materials were mixtures of disodium 
compounds. 

Experimental. 6-G. portions of sodium, dissolved in 150-c.c. lots 
of pure dry alcohol, were converted to hydrosulphide by the usual 
process (p. 1478) ; in the gently boiling solutions the required weights 
of sulphur were dissolved, and the solutions were evaporated to 
crystallisation or precipitated with dry ether. In appearance, 
composition, and properties, the products so obtained were identical 
with those described by Rule and Thomas (loc. cit., pp. 179 — 183), 
tetrasulphide being the only definite polysulphide. The formation 
of disulphide by the action of sodium on the tetrasulphide was also 
confirmed {idem, ibid., pp. 187—188), and, by a modification of 
these authors 1 method, we obtained further support for our results 
by measuring the hydrogen sulphide evolved during the dissolution 
of the sulphur. 

Bor work in aqueous alcohol, lots of 10*3 g. of sodium were con- 
verted to hydrosulphide in an alcohol-water mixture (120 and 
65 c.c. respectively), and sufficient sulphur was subsequently added 
to give the trisulphide composition. In the first case, the solution, 
after being kept at — 22° for 7 hours, deposited a large mass of plate- 
like crystals [Bound : Na, 15-51 ; (S), 26-59 ; S, 36-75% ; Na : S = 
1 : 1-703]. In a second preparation, the material was fractionally 
crystallised ; the first fraction, produced by cooling to — 15° for one 
hour, was presumably a mixture of tetra- and hydro-sulphides 
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[Found: Na, 15*44; S, 41*82%; Na : S = 1 : 1*947], whilst a 
second fraction, obtained by cooling to — 22° for 2 hours, and a third, 
by evaporating the mother -liquor to half bulk in a vacuum at room 
temperature followed by cooling to — 30°, were pure tetrasulphide 
[Found: for (ii), Na, 15*62; S, 43*64; for (iii), Na, 14*68; S, 
41*00% ; Na : S = 1 : 2*009, 1 : 2*007]. 

These experiments were modified by passing hydrogen sulphide 
through the liquid during the dissolution of the sulphur, but the 
solids produced on cooling were of indefinite and variable 
composition. 

, II. Preparation of Polysulphides by Dry Methods . 

(i) Reaction between Sulphur and Sodium Carbonate or Hydroxide . 
— Poly sulphides have been prepared by the action of sulphur on 
heated metallic oxides, hydroxides, or carbonates. Berthollet 
(Ann, Chim., 1798, 25, 233) believed them to be pure, and ascribed 
the occurrence of sulphate in their solutions to a reaction with water, 
but Gay-Lussac (ibid., 1811, 78, 87) and Vauquelin (Ann. Chim . 
Phys., 1817, 6, 5) contended that it was a primary product, and this 
was confirmed by numerous subsequent workers. Fordos and 
Gelis (Ann. Chim. Phys., 1846, 18, 86) found that a similar reaction 
took place in solution, producing thiosulphate and polysulphide, 
and Rose (Annalen, 1829, 17, 324 ; 1842, 45, 415, 533) confirmed 
this for potassium carbonate. 

These results assume importance through Friederich’s claim (Met. 
Erz ., 1914, 11, 80) to have obtained pure polvsulphides by the 
reaction between sulphur and sodium carbonate in carbon dioxide, 
and through his having used them in the investigation of the sodium 
sulphide-sulphur equilibrium (see p. 1489). 

Experimental. 8*21 G. of sulphur and 6*79 g. of anhydrous 
sodium carbonate were heated under nitrogen. Reaction com- 
menced slowly at about 200°, giving thiosulphate and polysulphide. 
At 350° the product contained 11*25% of thiosulphate, less than 
0*05% of sulphate, and some unchanged material; whilst at 640° 
a loss of 2*85 g., corresponding to the whole of the carbon dioxide 
in the carbonate, was found, and the residue contained 17*70% of 
sodium sulphate and 4*22% of sodium sulphite, but no thiosulphate. 

Analogous reactions were observed with sodium hydroxide, but 
similar experiments in boiling aqueous solutions led only to 
thiosulphate and polysulphide. 

(ii) The Action of Sodium on Sulphur. — The preparation of poly- 
sulphides by the action of metallic sodium on molten sulphur has 
been attempted by Jones (J., 1880, 37, 1461), Rosenfeld (Her., 1891, 
24, 1658), and others. The method is unsatisfactory owing to the 
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violence of the combination and to contamination of the product 
either by silicates from the container or by oxidation. A more 
convenient process, due to Locke and Austell (Amer. J . Sci. } 1898, 
20, 592), is to allow the elements to react under toluene. From 
purely qualitative observations of the presence of free sulphur in 
the toluene or of metallic sodium in the product according as the 
added sulphur sufficed for the formation of trisulphide or not, 
these authors concluded that no material is obtainable with less 
sulphur than a mi xture of tri- with some tetra-sulphide. As these 
results have been generally held by subsequent writers to indicate 
that only trisulphide is produced under these conditions, we have 


Fig. 2. 

80 1 



repeated this work quantitatively. Our findings (see Fig. 2) indicate 
that no compound higher than the trisulphide is produced. Free 
sodium in diminishing quantities is invariably present until this 
composition is reached, but not afterwards, provided that the 
reactants have been brought into intimate contact by crushing. 
The reaction is unique in that a polysulphide appears to be the first 
product, for even with a trace of sulphur no white film appears on 
the sodium surface such as might indicate monosulphide — under 
these conditions the metallic surface is partially coated with dis- 
tinctly yellow patches, as though a polysulphide must be formed 
even at the cost of leaving available surface unattacked. 

Experimental . The required weight of clean metallic sodium was 
melted under 250 c.c. of carefully dried toluene in a 500-c.c. flask 
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fitted with a reflux condenser through which was added a weighed 
quantity of sulphur in 0*5 g. portions. The sodium was immediately 
coated with a yellow coherent film, but the reaction did not become 
vigorous until 1*5 atomic proportions of sulphur had been added, 
whereupon the film burst. The escaping sodium reacted vigorously 
with the dissolved sulphur, and it became necessary to cool the flask 
in water. After each subsequent addition of sulphur, we ground the 
spongy, friable masses with a long glass pestle to free the imprisoned 
sodium. Finally, the toluene was boiled for 20 minutes to complete 
the operation. 

The sulphide was quickly collected on a Buchner funnel, well 
pressed, washed with cold toluene, and heated at 100° for 2 hours 


Fig. 3. 



under a good vacuum applied through a drying train. With 
material below trisulphide composition, free sulphur was always 
present at this stage. When, however, sulphur equivalent to 
pentasulphide was used, there was a tendency for this element to 
crystallise on the cold filter pad ; this was avoided by heating the 
funnel and washing with boiling toluene. The remainder of the 
toluene was removed by cautiously melting the sulphide. The 
products were homogeneous masses of pure sodium sulphides which 
gave clear solutions in water. If, however, insufficient care was 
taken to moderate the reaction in toluene by cooling, carbon to the 
extent of 0*05% might be present. Table IV compares the pro- 
portion of sulphur originally used with that found in the final 
product after melting. 
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Table IV. 

S, %, in reactants 14-7 24*2 50-0 57-2 60-0 61-3 63*3 64-7 67-S 69*7 

„ in products 14-0 25-0 50-1 58-4 60*9 62-0 63*4 63-8 65*7 66-0 

S, %, in reactants 70-6 71-4 73*1 73-7 74-1 74-6 76-2 85-0 91-2 96*8 

„ in products 67-2 68-3 66-8 67-S 68-6 68-6 67-6 67-8 67-0 68-1 

(Calc, for Na 2 S 3 : S, 67-6%.) 

(iii) Desulphurisation of the Poly sulphides . — Rule and Thomas 
(J., 1917, 111, 1063) measured the loss in weight of sodium tetra- 
sulphide when heated in a stream of hydrogen for consecutive 
J-hour periods, the temperature being raised by 50° between each 
period. The results, when plotted as time against composition, 
indicated that the disulphide is the most stable 
polysulphide at high temperatures. Their experi- 
ment was not designed to demonstrate the possible 
existence of lower polysulphides, and indeed, could 
not have done so, for the period of heating at each 
temperature was quite insufficient for equilibrium 
to be reached. In the experiments outlined below, 
rate of loss of sulphur with changing composition 
has been determined by weighing the sulphur 
evolved on heating a known quantity of poly- 
sulphide at various fixed temperatures in a stream 
of nitrogen of constant velocity. The results, 
shown graphically in Fig. 3, indicate the presence 
of di-, tetra-, and penta-sulphides by well-defined 
changes in the rate of loss of sulphur. The ex- 
ceptional stability of the disulphide is here con- 
firmed by the very low gradient. 

Experimental. The apparatus (Fig. 4) consisted 
of an outer vessel, A, 28 cm. long and 32 mm. 
wide, fitted with a lining B provided with a gutter 
at the bottom which served for condensing and 
collecting the sulphur liberated. The annular 
space between the tubes was closed at the top by 
rubber through which the tube G delivered nitrogen in order to 
prevent sulphur vapour passing between the tubes. A little sulphur 
condensed on the thin glass stirrer (which could not be removed 
during the runs), but this was inappreciable compared with that 
deposited on B. 

10 G. of the polysulphide were weighed into the tube and melted 
by heating the latter to a depth of 14 cm. in a suitable electric 
furnace, the temperature of which could be maintained to within 
10° of a desired temperature. A weighed condensation tube was 
then pushed into position, and its upper portion cooled by a blast of 


Fig. 4. 
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air. After 15 minutes, it was quickly removed, and replaced by a 
similar weighed tube. The process of weighing and replacing the 
tubes gave the information required. To observe the changes in 
rate of sulphur evolution, however, it was essential for the heating 
to be carefully adjusted. If the temperature was too high, the rapid 
decomposition prevented observation of the change in rate in 
materials of higher sulphur content, and if too low, the rate of 
evolution was impracticably slow. The results, being entirely 


Fig. 5. 



dependent upon the size and form of the apparatus, are only relative^ 
but a few are given below as specimens (see Fig. 3). 

At 640°. 

Rate of loss of 
S (mg. per 

15 mins.)... 3 7 10 17 22 25 28 52 60 60 60 

%» in 

material ... 61-0 64-4 67-0 70*0 71-0 72*0 72*6 73*6 74*2 75-0 76*0 

At 440°. 

Rate of loss of S (mg. 

per 15 mins.) 15 15 15 19 58 65 98 100 100 99 

S, %, in material ... 76-0 76*5 76*9 77-2 77*6 77*8 78*0 78*4 79*0 80*0 

III. The System Sodium M onosulphideSuiphur. 

, This system has been studied by Friederich (loc. tit.) and by 
Hule and Thomas (J., 1917, 111, 1063). Their results, shown 
graphically in Fig. 5, are obviously discordant : the former obtained 
indications of seven compounds from well-defined maxima on the 
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temperature-composition curve, together with an eighth, Na 2 S 6 , 
from a hidden maximum, whilst the latter workers had evidence of 
di-, tri-, tetra-, and penta-sulphides, but not of compounds of the 
type Na 4 S*. 

Both these researches are open to criticism. Eriederich prepared 
the higher polysulphides by heating sodium carbonate and sulphur 
in carbon dioxide, but the material so obtained is invariably con- 
taminated with both sulphite and sulphate, even to the extent of 
20% (see p. 1484). [Furthermore, his lower polysulphides, produced 
by dehydrating hydrated monosulphide, must also have contained 
salts of the sulphur oxy-acids. Neither he nor Rule and Thomas 
brought forward any other evidence in support of their deductions 
from arrest temperatures. The extreme depression of some of the 
eutectic points of the latter authors suggests, in the absence of any 
statement as to cooling rates, that these were far too rapid in view of 
the type of material involved. 

We have obtained definite indication of di-, tetra-, and penta- 
sulphides and, apart from its trisulphide region, are in general 
agreement with the diagram of Rule and Thomas; our melting 
points, however, are higher in every case but one, and by as much as 
30°. 

Certain difficulties encountered in our reinvestigation call for 
comment. (1) There was a pronounced tendency to supercooling, 
particularly at certain compositions; e.g,, with pure sodium tetra- 
sulphide, this sometimes reached 87 even with vigorous stirring. 
Traces of moisture aggravated this difficulty, and the intensely 
hygroscopic nature of the material rendered seeding impracticable. 
The only way to overcome it was to take a cooling curve with the 
stirrer constantly scraping the bottom of the containing vessel, 
remelt the contents, allow the temperature to fall slightly below the 
max i mum temperature reached in the previous solidification, and 
stir and scrape vigorously. By this means results might be repeated 
to within 5°. At the solidus, supercooling was somewhat reduced 
by causing the stirrer to vibrate rapidly, and when this failed, 
recourse was had to heating curves, since Tammann’s more exact 
method (2h anorg . Ghem 1905, 45, 24) was inadmissible, 

(2) Molten polysulphides are also characterised by very slow 
rates of crystallisation : a melt of sodium trisulphide composition 
required 7 days to reach even appro xi mate equilibrium at 50° below 
the liquidus temperature. The rates of cooling had, therefore, to 
be kept as low as practicable. 

(3) Again, rapid change in melting points with composition 
between mono- and di-sulphide and above the eutectic Na 2 S 2 -Na 2 S 4 
renders it imperative to have precisely known compositions and 
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accurately determined temperatures. The runs were therefore 
repeated several times on each melt, and the mean temperatures of 
commencement and completion of solidification taken as the correct 
ones. 

Experimental. The materials used for these measurements were 
prepared under hot toluene (see p. 1485) ; for those of higher sulphur 
content than the trisulphide, this element was added to the com- 
pound, and for those below this composition sodium was added, 
the mixtures being carefully melted with thorough mixing. 
Although this method was useful down to disulphide composition, 
material with less sulphur than this was difficult to melt in the 
quantities required, owing to the violence of the combination of such 
quantities of free metal with the polysulphide when the reaction 
temperature was reached. In such cases, small quantities of 
sodium were cautiously added to molten disulphide ; this procedure 
proved perfectly satisfactory, and it is of interest that monosulphide 
prepared by the method of Rule and Thomas was found to have 
precisely the same melting point. The total weight of material 
obtained from a known amount of sodium served as a useful check on 
the triplicate sulphur and sodium analyses made of the substances 
after solidification. This precaution was particularly useful in 
those cases where segregation occurred. 

Melting, according to the temperature required, was done in 
test tubes of Pyrex glass (25 cm. by 28 mm., and 2 mm. thick) or of 
glazed porcelain (20 cm. by 26 mm., and 3 mm. thick) closed by a 
cork or asbestos stopper which carried a stirrer (3 mm. diameter) 
and a thin-walled thermocouple sheath of glass or porcelain, to- 
gether with a tube for the delivery of nitrogen. The quantity of 
polysulphide used (50 g.) allowed the thermocouple sheath to be 
immersed to a depth of 5 cm. 

The couple used up to 600° was the “ chromel-eureka ” 30 S.W.G. 
wire of the Foster Instrument Co., Letchworth, giving one millivolt 
for about 12*5°. This was frequently standardised during the course 
of the work, ice and the boiling points of water, naphthalene, and 
sulphur being the reference temperatures ; it proved to be 
remarkably constant in use. For higher temperatures, the usual 
platinum— platinum -rhodium junction was used; it was calibrated 
as above and also at the freezing points of antimony, sodium chloride, 
and silver. In all experiments the cold junction was surrounded by 
melting ice. The potential measurements involved were made 
in a thermocouple potentiometer (“ Laboratory Pattern/ 5 by the 
Cambridge Instrument Co.), reading to 1 microvolt, in conjunction 
with a 500-ohm A. and M. galvanometer which gave a scale de- 
flexion of 11 mm, per 0*01 millivolt. So far as actual temperature 
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measurements were concerned, an accuracy of ± 0*025° and 
± 0*20°, respectively, may be claimed for the base and noble- 
metal couples. Consideration of the concordance between succes- 
sive remelts, however, indicates that the operation of other factors 
reduces these accuracies to ±0*5° and ± 5° respectively. Over 
certain regions covering a large number of melts the actual curve 
certainly represents an accuracy of a much higher order than this in 
the arrest temperature. 

To ensure suitable cooling conditions, a heavily lagged, nichrome- 
wound furnace was made for use over the lower temperature ranges, 
and for the upper ranges this was placed in a sheet-iron canister 
which acted as an air-jacket. The cooling rates employed were 
approximately as follows : 

Seconds per degree at 

1000°. 800°. 600°. 400°. 200°. 

Furnace jacketed 1*5 2 3 5 — 

Furnace unjacketed — — 17 20 40 

At the conclusion of each determination, the tube and its contents 
were allowed to reach room temperature in the furnace, the tube 
was broken, and a portion of the sulphide removed and immediately 
analysed, the remainder being stored in a sealed tube for micro- 
scopic examination. 

The results are set out in Table V. The periods of arrest given in 
cois. 4 and 5 were obtained by plotting cooling curves in the manner 
described by Tammann (Z. anorg. Ghem ., 1905, 47, 289), but the 
values are only approximate since correction for supercooling 
cannot satisfactorily be applied. From these data, the temperature- 
composition diagram of the system sodium monosulphide-sulphur 
is plotted (Fig. 6). 

The diagram begins at the melting point of sodium monosulphide 
(978°), which appears to be a stable compound under these con- 
ditions. From this point the curve descends steeply until di- 
sulphide proportions are reached, a break at 473*9° and at a com- 
position slightly beyond that of Na 2 S 2 indicating that this compound 
is dissociated to some extent at its melting point. The almost 
flat portion between 58*9 and 60*2% supports this view. The 
break at 66*0% of sulphur, followed immediately by the flat portion 
to 67*0%, indicates the existence of two immiscible liquids. This 
is borne out by the steep descent to the eutectic which immediately 
follows. The liquidus curve thus gives no suggestion of sodium 
trisulphide. Following the Na 2 S 2 -Na 2 S 4 eutectic (232*1°) at 
68*77% of sulphur there is a steady rise to a maximum at tetra- 
sulphide composition (compare Eule and Thomas), followed by 
the Na 2 S 4 -Na 2 S 5 eutectic (249*2°) at 76*4% of sulphur, and finally 
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by a slight maximum at the pentasulphide composition. This is 
in agreement -with the findings of Rule and Thomas, who suggest 
that the melting point of this compound is largely depressed by 
decomposition products. A saturated solid solution of sulphur in 


Fig. 6. 



pentasulphide appears at 78*5% of sulphur, as may be deduced 
from the constancy of the melting points (251*2°), from the gradual 
development of a free sulphur arrest point beyond this composition, 
and from the intersection of the composition-arrest period curve 
and the composition axis at this place. This agrees with the results 




THE POLYSULPHIDES OF THE ALKALI METALS. PART I. 1493 


Table V. 



Upper 

Lower 

s, %. 

arrest. 

arrest. 

41-00 

*978° 

— 

47-52 

900 

t450-0° 

53-80 

766 

472-0 

54-25 

755 

f465-0 

58-00 

560 

473-4 

58-25 

554 

475-5 

58-51 

534 

472-0 

58-75 

501 

474-8 

60-18 

472-7 

f210 

60-90 

470-6 

219 

62-04 

457-6 

— 

62*75 

445 

— 

63*83 

420 

210*6 

64-35 

407-5 



64-95 

385 

— 

65-51 

354 

*232-0 

65-71 

356-4 

217-2 

66-18 

350 

— 

66-33 

349 

222 

66-55 

353 

— 

66-80 

353 

f215 

67-17 

343 

219-6 

67-60 

330 

228-S 

67-77 

321 

226-0 

68-26 

285 

219-0 

68-39 

275 

223-0 

68-58 

250 

213 

68-59 

247 

223 

68-77 



232-1 

68-99 

236-1 

232-1 

70-40 

254-0 

228-1 

71-99 

275-0 

217 

73-00 

284*8 

— 

73-96 

284-8 

— 

74-40 

283-5 

— 

75-10 

267-0 

249-0 

75-70 

262-8 

249*2 

76-40 

. — 

249-2 

76-72 

252-2 

— 

77-77 

254-0 

— 

77-92 

252*2 

Ill 

78-40 

251-2 

112 

80-20 

251*2 

*|T07 

89-90 

251-2 

117 

94-51 

250-0 

119 

100-00 

— 

119-2 


Time, Time, 
upper lower 
(mins.), (mins.). Solid. 

— 0 Na 2 S 

2 

— 6 

— 8 

— 13 Na 2 S 2 

— 11 
— 11 
— 11 
10 2 

— 3 

5 — 

— 10 


2-5 16 

2 — 

1 16 

- 18 

- 19 N a 2 S 3 

- 17 


0 25 

— 25 

— 12 

— 8 

19 0 

21 0 Na„S 4 

IS — 

— 10 

— 17 

— 22 

22 

22 0 KaoS fl 

22 — 

22 — 

21 2 

8 10 

4 20 

0 35 


Fracture. 

Chocolate. 


Light brownish-amber. 
Brownish-amber. 


Red-brown. 

Dark yellow, with brown- 
ish tinge. 


Dark yellow. 


Dark yellow, with faint 
green tinge. 

Dark yellow, with olive- 
green tinge. 

Deep olive-green. 


Y ellowish-green . 


Dark yellow. 


Light yellowish-green. 
Grey, with yellow tinge. 

Grey. 

Greyish-yellow, 
f Severe supercooling. 


* Temperature obtained from heating curve. 

of Rule and Thomas and also with those of Kiister and Heberlein 
{loc. cit.) and Jones ( loc . cit.). 

It is significant that we disagree entirely with Rule and Thomas 
pn that portion of the curve where the upper arrest points are 
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particularly difficult to ascertain, viz., between 64 and 69% of 
sulphur. The step-up in the liquidus line of their diagram between 
their alleged Na 2 S 2 -Na 2 S 3 eutectic and trisulphide finds ready 
explanation in the prevalence of eutectic supercooling at these 
compositions. Indeed, by neglecting suitable precautions, we 
have been able to repeat very approximately the points recorded by 
these workers. Only by many repetitions, supplemented by careful 
heating curves, was it possible to establish the straightness of the 
eutectic line in this area. Nearer the disulphide it frequently 
failed to appear, or suffered supercooling by as much as 45°— an 
extent which makes it highly improbable that the true eutectic 
temperature could be reached even approximately with so little 
of that material present. It is noteworthy that Biltz and Wilke- 
Dorfurt (. Z . anorg. Chem., 1906, 48, 297) experienced so much 
difficulty in the trisulphide regions of the equilibria, CsS-S and 
RbS-S, that in the former case no points are given, and in the 
latter the curve is left discontinuous. 

The appearance in certain melts in the region 65 — 69% sulphur 
of a small arrest at about 190° may have been due either to a 
transition or to the formation of another compound, possibly the 
trisulphide, only stable below about 200°. This phenomenon is being 
investigated. 

Micro-examination . The ease with which much of the material 
was oxidised, and also its extremely hygroscopic nature, prevented 
the preparation of specimens for micro -examination by the usual 
means. Polishing, although difficult owing to softness and fri- 
ability, was effected on various grades of emery paper under toluene 
or medicinal paraffin, but the polish-etch resulting was insufficient 
to characterise the structures present. Aqueous or ethyl-alcoholic 
reagents destroyed the surface, but a mixture of equal parts of 
amyl alcohol and carbon disulphide gave excellent results on certain 
specimens, notably those between disulphide and the Na 2 S 2 — Na 2 S 4 
eutectic and beyond pentasulphide (Plate 1, b , d, e). As, however, 
the materials were transparent, suitable sections were made by 
mounting them on glass slides with hot Canada balsam and rubbing 
them down under paraffin. Considerable patience was required, 
for only a very small proportion of the attempts were successful, 
and even these failed to realise single-crystal thicknesses or to 
transmit sufficient light for sharp photographic reproduction. 
They were, however, capable of giving a very good idea of the 
nature of the material, particularly if examined with the aid of 
oblique in addition to the normal direct illumination. The etched 
specimens were examined visually with oblique illumination, but 
here again the colour and the nature of the surfaces made successful 



[a)— Sodium disulphide. 


(6)— 04-12% Sulphur content . 



(c ) — Sodium tetrasulphide . 
Magnification x 80. 


17V) /ace f. 1491.1 



Plate 1 ( conid .). 



(e) — 89 ’90% Sulphur content. 
Magnification x SO. 
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photography particularly difficult. In both cases, permanent 
records were made from typical regions by a drawing and painting 
directly from the microscope. These faithful reproductions were 
photographed and appear as Plate 1 with a magnification of 80. 

The monosulphide, m. p. 978° (compare m. p. 970°, Steck, Slavin, 
and Ralston, J. Amer, Chem. Soc 1929, 51, 3241 ; m* p. 920°, 
Friederich, loc, cit .), is a reddish-chocolate substance, yellowish in 
section, and possesses the ordinary polygonal grained structure. 
Melts between mono- and di-sulphide showed no evidence of any 
eutectic material, and thus disagree with Friederich’s diagram. 

The disulphide consists of characteristic transparent, light yellow, 
needle-like crystals frequently twinned, with straight extinction. 
The dark lines at the crystal boundaries in the section (Plate 1, a) 
are due to emery powder embedded in the softer eutectic material. 
A similar structure in yellowish-brown appeared in etching with 
carbon disulphide and amyl alcohol. Materials of 64*12% sulphur 
content etched or in section showed needle-like crystals in a ground 
mass (Plate 1, b), which could barely be resolved under high magni- 
fication on account of the thickness of the sections, but showed 
evidence of pearlitic intergrowths typical of eutectic material. 
This structure was present in proportions increasing with the 
diminution of the acicular constituent in specimens up to the 
Na 2 S 2 -Na 2 S 4 eutectic. Beyond this, polygonal grains began to 
appear until at tetrasulphide composition the structure revealed 
was that associated with a metal or other homogeneous crystalline 
substance (Plate 1, c). 

As the pentasulphide region was approached, the material became 
increasingly brittle until, at the pure pentasulphide, it was so 
friable that it broke down to a powder of tiny crystals on the 
slightest mechanical shock. This rendered polishing impossible, 
but a surface obtained by letting the melt slowly cool in contact 
with a glass slide showed homogeneous polygonal grains quartered 
with two dark lines across the centre. One specimen of saturated 
solid solution containing 78*00% of sulphur was (after thirty 
attempts) successfully polished and etched (Plate 1, d), and showed 
the cored structure typical of such a constituent. A section (Plate 
1, e) from more tractable material further along the diagram shows 
the same solid solution in the form of spherical masses embedded 
in a matrix of polygonal grains of sulphur. 

Without exception, these results accord well with our reinvestig- 
ation of the thermal analysis, and provide further evidence in- 
validating previous conclusions respecting a trisulphide and 
polysulphides of the tetrasodium type. 
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Summary . 

A critical reinvestigation of the formation and properties of 
sodium polysulphides, amplified by original work, has yielded 
the following results. 

(1) The action of sulphur on aqueous-alcoholic solutions of 

sodium monosulphides gives polysulphide solutions from which 
may be crystallised: Na 2 S 2 ,6H 2 0 ; Na 2 S 3 ,8H 2 0 ; Na 2 S 4 ,8H 2 0 ; 

Na 2 S 4 ,9H 2 0; Na 2 S 4 ,llH 2 0; Na 2 S 5 ,6H 2 0; and a tetrasulphide 
which may be either Na 2 S 4 ,7H 2 0 or a mixture of lSra 2 S 4 ,6H 2 0 
and Na 2 S 4 ,8H 2 0. Dehydration of the first two affords JNTa 2 S 2 ,2H 2 0 
and Na 2 S 3 ,H 2 0 respectively. 

(2) The action of sulphur on anhydrous alcoholic solutions of 
sodium monosulphide, although unsuited for the preparation of pure 
compounds, gives anhydrous di-, tri-, tetra-, and penta-sulphide. 

(3) By dissolution of various proportions of sulphur in alcoholic 
solutions of sodium hydrosulphide, only one pure compound, Na 2 S 4 , 
is obtained : 2]STaHS + 3S — >-Na 2 S 4 + H 2 S. With less sulphur the 
products are mixtures of tetrasulphide and unchanged hydrosulphide, 
with pentasulphide proportions a mixture of tetrasulphide and 
sulphur, and with still more sulphur possibly a higher polysulphide. 

(4) The action of metallic sodium on alcoholic solutions of sodium 
tetrasulphide gives only the disulphide. 

(5) Sulphur reacts with sodium carbonate or hydroxide at low 
temperatures or in solution to produce polysulphides and thio- 
sulphate, and at higher temperatures to give poly sulphides, sulphate, 
and a little sulphite. 

(6) Sulphur reacts with molten sodium under toluene to produce 
only the trisulphide. 

(7) By desulphurising the polysulphides of sodium in an atmo- 
sphere of nitrogen at carefully regulated temperatures, changes in 
decomposition velocity indicate the existence of penta-, tetra-, 
and di-sulphides. 

(8) A phase-rule study of the system Na 2 S-S indicates that 
monosulphide is stable at its melting point, 978°; disulphide 
slightly decomposes, as indicated by a hidden maximum at 473*9°; 
tetrasulphide is stable at its melting point, 284*8° ; a saturated solid 
solution of sulphur in the pentasulphide occurs with material 
containing 78*5% sulphur ; and finally, that tetrasodium compounds 
are not formed. 

The peculiar stability of the tetrasulphide and the- marked 
instability of the trisulphide have been re-affirmed. 

The authors wish to acknowledge the extended loan of a potentio- 
meter from Engineer-Commander C. J. Hawkes, R.N. (Retd.), 



HETEROC Y CLIO SYSTEMS CONTAINING SELENIUM. PART Hi. 1497 

and a grant from the Research Committee of this College for the 
purchase of a similar instrument for the completion of the work. 
They would also warmly thank Mr. J. H. Smith, who carried out a 
great number of preparations and analyses, and Mr. J. Bone to 
whose skill the illustrations in Plate 1 are due. 

University of Durham, Armstrong College, 

Newcastle-upon-Tyne. [Received, March 31s2, 1930.] 


CXC . — Heterocyclic Systems Containing Selenium . 
Part III. cyclo Selenopropane. 

By Gilbert T. Morgan and Francis Hereward Burstall. 

Whereas the interaction of the requisite alkylene dibromide and 
sodium selenide leads readily to the production in good yields of 
cyclic selenohydrocarbons containing five- or six-membered rings 
(J., 1929, 1096, 2197), yet trimethylene dibromide and sodium 
selenide furnish only a small proportion of cyclo selenopropane (I), 
the main product being a six-fold polymeride (III) resulting by 
aggregations of simpler four-membered unsaturated radicals, 
-CH 2 -CH 2 -CH 2 *Se~ 

q/cZoSelenopropane (I), a colourless liquid with a more pungent 
odour than those of ct/cZoselenobutane and q/cZoselenopentane, 
resembles these selenohydrocarbons in yielding a characteristic 
deep purple di -iodide (II) and a white crystalline mercuricliloride , 



but differs from the two higher cyclic homologues in its tendency 
to give gummy ill-defined materials. 

The amorphous saponaceous polymeride obtained from these 
gummy residues decomposes on heating, but without elimination 
of selenium, into propylene and the more stable cycfotrimethylene 
diselenide (V). This reaction suggests that at the higher temper- 
ature the polymeride has undergone partial depolymerisation with 
the intermediate formation of cyclohexamethylene 1 : 5-diselenide 
(IV). Dilute nitric acid does not rupture the polymeric complex 
but oxidises its selenium atoms with formation of a nitrate 
(VI), a water-soluble and readily decomposable compound which 
by double decomposition with hydrochloric acid gives rise to the 
corresponding chloride (VII) : this is reduced by sodium meta- 
bisulphite to the original polymeride. Hot concentrated nitric acid 
attacks the polymeride, yielding trimethylenediselenious acid dinitrate 
(VIII), and oxalic acid, the latter compound being in all probability 
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an oxidation product of the malonic acid originally formed by ring 
fission. The dinitrate (VI) is also obtained by oxidation with 
nitric acid of either cycfotrimethylene diselenide (V) or trimethylene- 
diselenocyanate (IX). These two selenium derivatives (V and IX) 
were first isolated by Hagelberg (Ber., 1890, 23, 1090). 

The following series of reactions is completed by the action of 
hydriodic acid on the trimethylenediselenious acid dinitrate, which 
gives rise to dark red trimethylenediseleno-di-iodide (X), also 
obtained by adding iodine to cycZotrimethylene diselenide. 



Earlier attempts to implicate sulphur in a four-membered hetero- 
cyclic ring resulted in products which are in the main analogous 
with the derivatives now recorded in the case of selenium. 

Grischkevitsch-Trochimovski (J. Buss. PTiys . Ghem. Soc., 1916, 
48, 880) obtained cycfothiopropane, b. p. 93 — 94°/752 mm., from 
trimethylene dibromide and sodium sulphite, and this monomeric 
substance was accompanied by a polymeride, m. p. ca. 85°, which 
had previously been obtained by Mansfield (Ber,, 1886, 19, 696), 
who assigned to his compound the molecular formula (C 3 H 6 ) 3 S 3 . 
Autenrieth and Wolff (Ber., 1899, 32, 1390), by the action of tri- 
methylene dibromide on the disodium derivative of trimethylene 
dimercaptan, prepared cydohexam ethylene - 1 : 5-disulphide as a 
colourless oil. 

Experimental. 

cjclojSelenopropane (I). — Freshly distilled trimethylene dibromide 
(40 g.) was added to an alcoholic suspension (350 c.c.) of sodium- 
selenide prepared from 24 g. of aluminium selenide, 11 g. of sodium 
and 9 c.c. of water in the presence of hydrogen. The mixture was 
left for some hours at room temperature and the stream of hydrogen 
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maintained to ensure adequate agitation and to prevent aerial 
oxidation. The alcoholic solution, filtered from precipitated sodium 
bromide and yellow gum, was distilled under diminished pressure ; 
the distillate was rectified until a colourless alcoholic solution was 
obtained. This solution was then poured into a large excess of 
water (1000 c.c. of water for each 100 c.c. of alcoholic solution), 
and the aqueous-alcoholic solution repeatedly extracted with 
petroleum (b. p. 40 — 60°). The petroleum extracts were dried over 
calcium chloride and the solvent distilled ; the residue was distilled 
under diminished pressure and finally rectified in a stream of carbon 
dioxide under ordinary pressure. A considerable quantity of the 
oil polymerised to a yellow gum during these distillations, cyclo- 
Selenopropane was thus obtained as a colourless limpid oil of 
exceedingly powerful and penetrating odour. The vapour has an 
irritant effect on the mucous membrane of the nose. It boiled at 
118— 1197779 mm.; ng* 1*5612; dip 1-525; 1*510; dT' 1-498; 

d%° 1*484, whence = 1*554 — 0*0014932 (Found : C, 29*2 ; H, 5*0 ; 
Se, 65*0. C 3 H 6 Se requires C, 29*7; H, 4*95; Se, 65*3%). The 
selenohydroearbon was insoluble in water but was miscible in all 
proportions with organic media. cycZoSelenopropane was com- 
pletely volatile in the vapours of alcohol or ether and to a small 
extent in the vapours of other volatile solvents. It remained 
unchanged when kept in a cool dark place. Mineral acids caused 
rapid polymerisation of this cyclic selenohydroearbon. 

ojoloSelenipropane 1:1 -Di-iodide (II). — Addition of alcoholic 
iodine to an alcoholic solution of cydoselenopropane caused the 
separation of two products. The less soluble material , present in 
larger quantity, a polymerised condition of the di-iodide, formed 
an amorphous purple deposit insoluble in all organic media; it 
softened at 87° and then remained liquid [Found: I, 67*4. 
(CgHglgSe)# requires I, 67*7%]. 

The more soluble monomeric di-iodide separated in deep purple, 
hair-like needles, m. p. 98°. Although soluble in acetone, benzene 
or chloroform, this di-iodide dissolved only sparingly in alcohol and 
was insoluble in cold water. It decomposed slowly on exposure to 
light (Found: C, 9*8; H, 1*55; Se, 20*4; 1,67*9; M, in acetone, 369. 
CaHglaSe requires C, 9*6; H, 1*6; Se, 21*1 ; I, 67*7%; Af, 375). 

On grinding the foregoing monomeric di-iodide with water and 
silver oxide a colourless neutral solution of the dihydroxide resulted, 
but this soon decomposed with formation of a yellow solid, m. p. 
73 — 74°. Aqueous sodium metabisulphite reduced the di-iodide 
with difficulty and the presence of cyctoselenopropane was detected 
hy its odour. A small quantity of yellow polymeride separated 
slowly from solution. 
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cyclo Selenopropane mercurichioride , C 3 H 6 > Se ,HgCl a , separated 
when alcoholic solutions of mercuric chloride and cycZoseleno- 
propane were mixed. The white crystalline precipitate, after being 
washed with alcohol and dried over sulphuric acid, decomposed 
at 105° after shrinking at 80° (Found : Hg, 50-8 ; Cl, 18*4. 
CgHgClgSeHg requires Hg, 51*1 ; Cl, 18*1%). This mercuri- 
chioride was insoluble in water and organic solvents, but aqueous 
caustic alkalis decomposed it, liberating ci/cZoselenopropane. When 
heated, the mercurichioride gave mercuric selenide and trimethylene 
dichloride. Addition of methyl iodide to an alcoholic solution of 
cycfoselenopropane and cautious evaporation of the mixture led to 
the production of a brown oil, from which, however, no crystalline 
methiodide could be isolated. 

The Polymeride (III). — The yellow gum separating from the 
original alcoholic solution of cycZoselenopropane w r as w T ashed with 
water to remove sodium bromide and dissolved in chloroform. 
Evaporation of the dried solution left a deep reddish gum, which 
was extracted with boiling acetone until the extracts were colourless. 
The residual gum then solidified to a pale yellow, soap-like substance, 
m. p. 38 — 40° [Found : C, 29*7 ; H, 4-9 ; Se/65*0 ; M , ebullioscopic 
in benzene, 738, 836. C 18 H 36 Se 6 requires C, 29*7 ; H, 4-95; Se, 
65*3% ; M, 727]. This complex substance was insoluble in water 
or alcohol and sparingly so in acetone, but dissolved readily in 
warm chloroform or benzene. From its solution in the last two 
solvents the halogens precipitated coloured unstable additive 
compounds whereas methyl iodide gave a dark gum. When this 
polyselenide was gently heated, selenium was not eliminated but 
a considerable amount of frothing took place and the evolved gas 
when passed through bromine water furnished propylene dibromide, 
b. p. 140 — 141° (Found : Br, 78*6. Calc. : Br, 79*15%). The residue 
consisted of cycZotrimethylenediselenide, identified by comparison 
with an authentic specimen made by the general method of 
preparation for these diselenides (v. infra). 

The Nitrate (VI). — Warm 2A r -nitric acid dissolved the polymeride 
and deposited on cooling a white microcrystalline nitrate , which 
was washed with 22V-nitric acid (Found : Se, 31*8. C 6 H 12 0 12 N 4 Se 2 
requires Se, 32*3%). This nitrate, which dissolved readily in water 
to a strongly acid solution, decomposed slowly with evolution of 
nitrous fumes, leaving a residue of yellow gum; it decomposed 
rapidly at 87°. 

The corresponding chloride (VII) was precipitated when con- 
centrated hydrochloric acid was added to a solution of the foregoing 
nitrate (Found: C, 18*3; H, 3*3; Cl, 36*2. C 6 H 12 Cl 4 Se 2 requires- 
0, 18*7 ; H, 3*1 ; Cl, 36*9%). Although moderately easily soluble 1 
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in water, this white microerystalline chloride dissolved only sparingly 
in hydrochloric acid and was insoluble in alcohol or acetone. On 
addition of aqueous sodium metabisulphite to its aqueous solution, 
a yellow amorphous precipitate of the polymeride was deposited. 

The gummy iodide was obtained when potassium iodide solution 
was added to a solution of the foregoing nitrate which had been 
neutralised with aqueous sodium acetate. It was sparingly soluble 
in most common organic solvents but could not be obtained in a 
state of purity. It decomposed indefinitely above 100°. 

Hot concentrated nitric acid reacted violently with the poly- 
meride and the resulting clear colourless solution after evaporation 
and cooling deposited oxalic acid, m. p. 100° (Found: C, 18*8;. 

H, 4-9. Calc. : C, 19-0; H, 4-8%). 

Trimethylenediselenodi-iodide (X).— After separation of the 

oxalic acid the viscid residue was freed from mineral acid by sodium 
acetate ; addition of a concentrated solution of potassium iodide 
then precipitated the brick-red di -iodide arising from the reducing 
action of hydriodic acid on trimethylenediselenious acid. Tri~ 
methylenediselenodi -iodide, also obtained by treating a chloroform 
solution of c^cZotrimethylene diselenide with iodine, dissolved in 
warm chloroform or benzene but very sparingly in acetone or 
alcohol ; iff melted to a red liquid at 124° (Found : C, 8*1 ; H, 1-2 ; 
Se, 34*5; I, 55*7. C 3 H 6 I 2 Se 2 requires C, 7*9 ; H, 1*3; Se, 34-9; 

I, 55*9%). 

_ Trimethylenediselenocyanate (IX) was readily prepared by 
heating trimethylene dibromide (1 mol.) and potassium selenocyanate 
(2 mols.) in acetone. The dark filtrate from precipitated potassium 
bromide was obtained as an oil which subsequently solidified 
and was obtained in thin colourless prisms, m. p. 53°, by crystal- 
lisation from aqueous acetone. Hagelberg (loc. cit.) gave m. p. 
51° (Found: Se, 62-5. Calc. : Se, 62*7%). This diselenocyanate,, 
which remained undecomposed on keeping, possessed a faint and 
characteristic odour. 

q/cZoTrimethylene diselenide (V), obtained as a yellow amorphous 
precipitate when air was aspirated through an alcoholic soda solution 
of the foregoing diselenocyanate, was purified by crystallisation 
from acetone or chloroform; m. p. 59°. Hagelberg {loc. cit.) gave 
m. p. 54*5° (Found: Se, 78*9; M , ebullioseopic in benzene, 225. 
Calc, for C 3 H 6 Se 2 : Se, 79-1% ; M , 200). This diselenide distilled 
undecomposed when heated under diminished pressure. Its 
chloroform solution gave with iodine a red precipitate of tri- 
methylenediselenodi-iodide, m. p. 124° {vide supra). 

Trimethylenediselenious Acid Dinitrate (VIII). — The foregoing 
diselenocyanate and diselenide both dissolved readily in nitric 
3 E 
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acid and the concentrated solution deposited a mass of white needles, 
which were recrystallised from nitric acid (Found: Se, 40*2. 
C 3 H 10 O 10 ]Sr 2 Se 2 requires Se, 40*4%). The dinitrate decomposed at 
112°; it dissolved easily in water and this solution when treated 
successively with sodium acetate and potassium iodide gave a 
.brick-red precipitate of trimethylenediselenodi-iodide, m. p. 124°. 

Chemical Research Laboratory, 

Teddington, Middlesex. [Received, May 9 th t 1930.] 


CXCI . — Pyrolysis of Diazoamino-])-toluene . 

By G ilb ert T. Morgan and Leslie Percy Walls. 

The first researches on the pyrolysis of diazoamines were made by 
Heusler ( Annaien , 1890, 260, 227), who heated these compounds 
either in sand or in liquid paraffin. Similar experiments on the 
heating of diazoaminobenzene in aniline were subsequently made 
by Hirsch (Ber., 1892, 25, 1973), who recommended this process 
as a means of obtaining o- and ^-aminodiphenyls (o- and p-xenyl- 
amines: D.R.-P. 62309; Friedlander’s “ Fortschritte,” 3, 36; 
compare Aeschlimann, Lees, McCleland, and Nicklin, J., 1925, 127, 
66). Recent improvements in the technology of diphenyl and its 
derivatives have, however, afforded more direct means of preparing 
these two bases (Jenkins, McCullough, and Booth, Ind. Eng . Ckem ., 
1930, 22, 31; Morgan and Walls, J. Soc. Chem , Ind., 1930, 49, 
15t). 

The foregoing researches showed that on pyrolysis diazoamino- 
benzene decomposed violently at 150°, evolving nitrogen and yielding 
2 >aminoazobenzene, diphenylamine, o- and ji-xenylamines, and 
small quantities of aniline, benzene, and diphenyl. To this list of 
pyrogenic products we would now add azobenzene, found in a 
repetition of Hirsch’s experiment. In a comparative study of the 
pyrolysis of diazoamino -p -toluene and diazoamino -p - chloro - 
benzene Heusler found that both evolved nitrogen on heating, 
but he isolated only toluene and chlorobenzene respectively from 
the non-gaseous products of these decompositions, although the 
molecular configuration of the former diazoamine suggests that its 
pyrolysis should result in the production of a certain amount of 
o-ammoditolyl (I). 

Pyrolysis of diazoamino toluene in #-toluidine was attended 
by evolution of nitrogen at 150°, but in other respects the thermal 
changes differed considerably from those observed with diazoamino- 
benzene. Aminoazo-jp-toluene and di-^-tolylamine were isolated 
^ only in 1 small proportions and the total yield of aminoditolyls was 



PYBOLYSIS OF BIAZOAMINO-^-TOLUENE. 


1503 


about 15% of the amount calculated. Quantitative estimations 
of the more volatile products of pyrolysis showed that toluene was 
the chief non-gaseous constituent and that nitrogen was always 
accompanied by ammonia. 

Colouring matters such as indulines which arise in the pyrolysis 
of diazoaminobenzene were absent in this case. Azo-p -toluene 
was found in appreciable amount and, as this compound and toluene 
are both reduction products of diazoamino-^p-toluene, the hydrogen 
required for their production must be sought in the resinification 
of a considerable proportion of the melt. The pitch left after 
extraction of the erystallisable products by petroleum consisted 
largely of acid-soluble resinamines similar to those obtained from 
low-temperature tar (J. Soc. Chem. Ind 1928, 47, 132t). The 
p-toluidine employed as solvent in the pyrolysis was recovered 
unchanged. 

Isomeric Aminoditolyls . — The pyrolytic removal of nitrogen from 
diazoamino-p-toluene may be considered to yield two radicals, 
^-tolyl and ^-iminotolyl, the union of which would result in the 
formation of di-p-tolylamine and of an aminoditolyl (I) in which 
the £>-tolyl group enters the other ring in the ortho-position with 
respect to nitrogen. 



The absence of any free para-position explains the small yield 
of aminoditolyl (compare Jacobsen, Annalen, 1922, 427, 148). 
The main basic product, which has been shown to have this con- 
stitution, is always accompanied by a small proportion of an isomeric 
amine which was first detected by its characteristic hydrochloride. 
Although the amount available of this by-product is too small 
for orientation experiments, it may be formulated provisionally as 
arising from the directive influence of the methyl group acting in 
opposition to that of the imino-residue (II). The constitution 
assigned to the main product, 2-aminoA ' : 5 -dimethyldiphenyl ( 4 ' : 5- 
dimethyl-2-xenylamine) , was established by its pyrogenic conversion 
into 2 : 6-dimetJiylcarbazole (VI), a substance which would be a useful 
constitutional guide were it not for the confusion attaching to it in 
the literature. 

2 : §-Dimethylcarbazole. — Richter’s “ Lexicon 7J records 2 : 6- 
dimethylcarbazole, m. p. 208—209° (Borsche, Witte, and Bothe, 
Annalen , 1907, 359, 77), and 3 : 7-dimethylcarbazole, m. p. 224° 
(Ullmann, Ber., 1898, 31, 1497). The alternative notation suggests 



1504 


MORGAN AND WALLS : 


_a structural identity, but as the disparity in melting points required 
elucidation, we have repeated the two preparations. Ullmann 
transformed hydrazo-p -toluene into the isomeric o-semidine (III), 
the triazole (IV) of which yielded 2 : 6-dimethylcarbazole (VI) on 
heating. 



H 2 C v /CH 2 

CH 2 (VII.) 


CH 2 NH 


Me Me' 


JH 2 (Yin.) 


The p-tolylhydrazone (VII) of 3-methylcycfohexanone studied 
by Borsche, Witte, and Bothe loses ammonia to acid and becomes 
eon verted into a tetrahydrodimethyicarbazole (VIII). The con- 
stitution of this compound is not, however, defined completely by 
its mode of formation, since ring closure might have involved the 
ear bon in position 2 of 3-methylq/cfohexanone instead of carbon atom 
6. Alternatively both condensations might have occurred con- 
currently with the formation of a mixture of two isomeric tetrahydro- 
■carbazoles. However, oxidation of the product led solely to 2 : 6- 
dimethylcarbazole, m. p. 224°, identical with the two other 
preparations. 

Experimental. 


The diazoamino -p -toluene employed in the following experiments 
iiad been recrystallised from petroleum (b. p. 60 — 80°) and was 
In the form of yellow needles, m. p. 118°. 

A preliminary heating of 10 g. of this diazoamine, which had 
been dried in a vacuum, with 25 g. of dry p-toluidine showed a 
slight evolution of nitrogen and ammonia at 120°, but with further 
rise of temperature the rate of gaseous evolution increased until 
at 150° the reaction became violent and exothermic, the temperature 
still rising without external application of heat. By operating 
under 5 mm. pressure, most of the p-toluidine present distilled away ; 
the later fractions had a yellow tint due to azo-p -toluene, whereas 
the first runnings, when shaken with excess of 2V-hydrochloric 
acid to dissolve the base, left a light yellow, neutral oil which 
boiled at 110°, giving a colourless distillate identified as toluene, 

I. Quantitative Estimation of. the more Volatile Products of 
Pyrolysis.— (a) Ammonia and toluene. Quantities of diazoamino -p- 
|||pluene ranging from 5 to 8 g. were heated with three parts of 
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p-toluidine in a 50 c.c. distilling flask connected in series with a 
10 c.c. graduated cylinder and a flask containing a measured 
quantity of ^-hydrochloric acid. After the exothermic reaction 
had subsided, the temperature of the melt was raised until p-tolu- 
idine distilled. Heating was then stopped and air blown through 
the liquid to drive off all ammonia and toluene. The former was 
estimated alkalimetrically ; the latter was measured directly in 
the graduated cylinder after the ^-toluidine had been dissolved in 
2 A-hydrochloric acid. Calculated on a g. -mol . weight of diazoamino- 
p -toluene, the proportion of ammonia ranged from 0*31 to 0-35 g., 
whereas the amount of toluene varied from 40*2 to 44*1 g. 

(b) Nitrogen , ammonia and toluene. The foregoing experimental 
details were modified so that the side tube of the graduated cylinder 
was connected with a Schiff nitrometer. One g. of the diazoamine 
in 4 g. of ^-toluidine was pyrolysed in a stream of carbon dioxide 
and the evolved permanent gas, collected over aqueous caustic 
potash, was analysed and found to consist solely of nitrogen. 
Hydrogen either free or combined could not be detected. The 
weight of nitrogen from one molecular proportion of diazoamino -p- 
toluene (225 g.) was 25*8 g. 

This experiment was repeated, a much larger amount (4*4 g.) 
of diazoamine being used. A 500 c.c. gas-holder was converted 
into a nitrometer, and a guard-tube, packed with dry paraffin wax 
to remove traces of p-toluidine, was inserted between the graduated 
receiver and the acid flask in which the ammonia was fixed as 
chloride. The toluene and nitrogen were measured directly, the 
ammonia was estimated as chloroplatinate : 225 g. of diazoamine 
furnished 46*5 g. of toluene, 0-31 g. of ammonia, and 26*6 g. of 
nitrogen, these numbers corresponding approximately with the 
molecular ratios of 0*5 C 7 H 8 , 0*02 NH 3 and 0*94 N 2 . 

II. Less Volatile Products of Pyrolysis . — In earlier experiments 
the whole melt was distilled under reduced pressure, but experience 
showed that a preliminary extraction with petroleum was preferable. 
From two melts made by pyrolysis of 200 g, of diazoamine and 
500 g. of 2 >-toluidine, 482 g. of the base were recovered by dis- 
tillation under reduced pressure, and when the black residue (142 g.) 
was extracted with excess of petroleum (b. p. 60 — 80°) approxim- 
ately 30 g. of tarry matter remained undissolved. From this 
pitch a considerable amount of acid-soluble resinamine was obtained 
which when applied to wood surfaces from alcoholic solution gave 
a reddish-brown stain similar in appearance to that from the 
resinamines of low-temperature tar. After removal of the solvent a 
dark red residue (110 g.) was distilled under reduced pressure. A 
fraction, b. p. 74° /4 mm., consisted mainly of p-toiuidine (22 g.), so the 
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whole of this base originally employed was accounted for in the 
distillates. The less volatile products were now distilled over a 
range 155 — 170° /4 mm., a bright red semi-solid product (57 g.) 
being obtained, mainly between 162° and 167°. This fraction was 
extracted with excess of warm 0*5iV T -hydrochloric acid; when the 
brownish-red residue (16 g.) was stirred with 50 c.c. of ether, 9 g. 
of red crystalline azo-^ -toluene, m. p. 144° after one crystallisation 
from ligroin, remained undissolved. Removal of solvent from the 
ethereal extract yielded a semi-solid mass which gave from alcohol 
small characteristic red crystals of azo-jp -toluene (1 g.) mixed with 
long silky needles. The less soluble azo-^p-toluene was removed 
by warming the solution to 40° and filtering it rapidly ; on cooling, 
silky yellowish-white needles (3 g.), m. p. 79°, separated from the 
filtrate. This product was identified as di-^p-tolvlamine and yielded 
a nitrosoamine crystallising from dilute alcohol in yellow needles, 
m. p. 101°. 

6-Ammo-3 : 4' -dimethylazobenzene. This substance, the chief 
product in the transformation of diazoamino -p-toluene by con- 
centrated acid, is formed only in small quantity in the pyrolysis. 
Its presence could be detected in the alcoholic di-p-tolylamine- 
azo-p-toluene mother-liquor by a characteristic green coloration 
with concentrated hydrochloric acid. 

In one experiment, however, a larger yield was obtained : the 
distillate from a melt made by pyrolysis of 267 g. of diazoamine 
in ^-toluidine left after extraction with hydrochloric acid a dark 
brown residue (27 g.). When dry, this material was lixiviated 
with petroleum (b. p. 80 — 100°) to yield a red solution which on 
concentration furnished 6 g. of azo-p -toluene. The portion in- 
soluble in petroleum dissolved in alcohol containing hydrochloric 
acid to a dark green solution, which deposited matted yellow needles 
(9 g.), darkening at 160° and melting at 174° (Found: Cl, 13*2, 
13 5. C 14 H 16 N 3 ,HC1 requires Cl, 13-5%). From this hydrochloride 
which was hydrolysed even by water, aminoazotoluene was liberated 
by warm aqueous alkali ; it crystallised from petroleum (b. p. 60 — 
80°) in lustrous red needles, m. p. 118° (Found ; N, 19*3. C 14 H X5 N 3 
requires 1ST, 18*8%). 

Isomeric Aminoditolyls . — The aqueous hydrochloric acid solution 
of primary bases (from 200 g. of diazoamino-p-toluene) deposited on 
cooling 10 g. of a hydrochloride (A) in small, thick, slightly yellow- 
tinted needles. Evaporation of the solution yielded a further 20 g. 
of these crystals. The filtrate on vigorous stirring gave a small 
precipitate of a hydrochloride (B) crystallising in characteristic sSky 
needles, darkening on exposure, m. p. 175—177°, and the; mother- 
liquor slowly furnished pale yellow, elongated plates (C), m. p. 172°. 
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The products B and C, which were only obtained in small amounts, 
yielded the same acetyl and azo-(3-naphthol derivatives. They 
were respectively the anhydrous and the hydrated form of the 
same hydrochloride (Found for B : C, 70-6; H, 7-2; N, 6*0; Q, 
14-7. C 14 H 15 N,HC1 requires C, 71*9; H, 6-9 ; N, 6-0; a, 15*2. 
Found for 0 : C, 66*2 ; H, 7*6 ; N, 6*0 ; Cl, 13*9. C 14 H 15 N,HC1,H 2 0 
requires C, 66*8 ; H, 7*2; N, 5-6 ; Cl, 14-1%). 

The acetyl compound crystallised from petroleum (b. p. 80 — 100°) 
or alcohol in colourless lustrous needles, m. p. 169-5 — 170*5° 
(Found: C, 80-0; H, 7-3; N, 6-1. C 16 H 17 ON requires C, 80-3; 
H, 7-1 ; N, 5*9%). 

The azo-$-naphthol derivative crystallised from benzene, con- 
taining a little alcohol, in scarlet needles, m. p. 188 — 189-5° (Found : 
C, 81-25; H, 5*9; N, 8-2. C^H^ON* requires C, 81-8; H, 5-7; 
N, 8-0%). 

The small proportion of this aminoditolyl isolated did not permit 
of orientation experiments, but the more plentiful hydrochloride 
(A) yielded an isomeric base which was identified as follows : — 

2 - Amino - 4' : 5 - dimetliyidiphenyl (4' : 5 - dimethyl - 2 - xenylamine) . 
The hydrochloride (A), recrystallised from alcohol containing 
hydrochloric acid, separated in colourless needles, decomp. 216 — 
226° (Found: N, 6-1; Cl, 15-0. C 14 H 15 N,HC1 requires N, 6-0; 
Cl, 15*2%). This salt was readily diazotisable and treatment of 
the diazo-solution with sodium azide furnished an oily triazo- 
compound, The free base boiled at 165 — 167°/4 mm. 

2-Acetamido- 4' : 5-dimethyldiphenyl (acetylA' : 5-dimethyl-2-xenyl» 
amine), prepared by the action of acetic anhydride and anhydrous 
sodium acetate on the foregoing hydrochloride, was only very 
sparingly soluble in water and crystallised from petroleum (b. p. 
80—100°) in rosettes of brittle colourless needles, melting at 104° 
and dissolving readily in alcohol, benzene or chlorofoign (Found : 
N, 6-0, Ci 6 H 17 ON requires N, 5*9%). 

4' : 5-Dimethyldiphenyl-2-azo-$-naphthol (4' : 5-dimethylxenyl- 
2~azo-$-naphtlbol) crystallised from benzene, containing a little 
alcohol, in lustrous red needles, m. p. 179*5° (Found : N, 7-95. 
c m h 20 ON 2 requires N, 8-0%). This substance was almost insoluble 
in the alcohols, petroleum, chloroform or acetone, but dissolved 
readily in glacial acetic or concentrated sulphuric acid, developing 
with the latter a violet-red coloration. 

III. 2 : Q-Dimethylcarbazole . — (1) From 4' : 5-dimethyl-2-xenylcmine. 
This oily base was heated in a hard glass tube in a current of air 
so that the gases passed over glowing quicklime (compare Blank, 
Ber., 1891, 24, 306), An oily distillate (about 60%) was collected 
which rapidly solidified and was freed from a small amount of 
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■unchanged primary base by crystallisation from benzene ; 2 : 6- 
dimethylcarbazoh then separated as a colourless solid, m. p. 224° 
(Found : C, 85*9; H, 6*55; N, 7*5. C 14 H 13 N requires C, 86*1; 
H, 6*65; N, 7*2%). 

(2) From azo-^-toluene. This azo-compound was reduced with 
zinc and glacial acetic acid to hydraz o -£> -toluene, which was trans- 
formed in alcoholic solution with stannous chloride and hydro- 
chloric acid into the stannichloride of the o-semidine, 2 -amino - 
4' : 5-dimethyldiphenylamine (Tauber, Ber., 1892, 25, 1023). 
This readily oxidisable base was set free from the tin salt by alkali 
and extracted with ether, and the extract dried over anhydrous 
sodium sulphate. The base obtained after removal of ether crystal- 
lised from petroleum (b. p. 60 — 80°) in shining leaflets, m. p. 107°. 
Conversion into triazole was best effected by ethyl nitrite in alcoholic 
sulphuric acid; the product precipitated by dilution with water 
crystallised from petroleum in brownish-white plates, m. p. 93°. 
When maintained for some time at 360°, this triazole yielded 2 : 6- 
dimethylcarbazole (Ullmann, loc. cit.), which was purified by 
crystallisation from alcohol (with charcoal) and through its picrate 
(m,p. 162°). 

(3) From 3-methylcyclohexanone and p- tolylhydrazine . In 
this synthesis both the racemoid 3-methylc^cZohexanone and its 
dextrorotatory component were employed, the latter being obtained 
by hydrolysis of pulegone with sulphuric acid. 

With ^-tolylhydrazine the racemoid ketone gave a hydrazone 
liquid at the ordinary temperature, whereas the ketone gave a 
solid hydrazone (m. p. about 90°) . On ring closure, both hydrazones 
gave a crystalline dimethyltetrahydrocarbazole of m. p. 147° 
(sintering at 135°), although this compound still retains the asym- 
metric carbon atom. In either case Perkin and Plant’s method 
for tetrahyjjfrocarbazole was employed (J., 1921, 119, 1831) in which 
the hydrazone was warmed with five parts of glacial acetic acid. 
A vigorous reaction ensued and the tetrahydro-compound separated ; 
after recrystallisation from alcohol it was dehydrogenated by 
boiling with sulphur in quinoline (Perkin and Plant, J., 1923, 123, 
694). The product was poured into hydrochloric acid, and the 
crude 2 : 6-dimethylcarbazole purified by sublimation with powdered 
iron at 225 — 240° under 15—20 mm. pressure and by crystallisation 
from benzene. The blue fluorescence in alcohol described by 
Borsche {loc. cit.) is not shown by solutions of the purified carbazole. 

The three preparations of 2 : 6-dimethylcarbazole were shown 
to be identical by their consistent mixed melting points of 224°. 

9-Nitroso-2 : 6-dimethylcarbazole was prepared by treating a 
solution of 0*8 g. of 2 6-dimethylcarbazole in 15 c.c. of glacial 
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acetic acid with a slight excess of sodium nitrite (0*6 g.) in water. 
The solution filled with yellow felted needles, m. p. 113° after 
recrystallisation from spirit. 

The following table gives a comparison of the properties of 
carbazole (m. p. 238°), 2 : 6-dimethylcarbazole (m. p. 224°), and 
its 3 : 6-isomeride (m. p. 219°) (Tauber and Loewenherz, Ber. } 
1891, 24, 1035, 2598). 




2 : 6-Dimethyl- 

3 : 6-Dimethyl- 

Reaction. 

Carbazole. 

carbazole. 

carbazole. 

Picrate 

M. p. 187° 

M. p. 162° 

M. p. 192° 

Sulphuric acid with 
one drop of nitric 
acid 

Blue 

Yellowish- 

brown 

Yellowish- 

brown 

Benzoquinone in acetic 

Magenta, pale 

Magenta, pale 

Indigo-blue, 

acid on successive 
treatment with con- 
centrated sulphuric 
acid, water and ether 

red extract 

red extract 

blue flakes 

Isatin in concentrated 
sulphuric acid 

Indigo -blue 

Indigo -blue 

Indigo-blue 

Chromium trioxide in 
sulphuric acid 

Deep blue 

Deep blue 

No coloration 

p-Nitrosophenol in 

concentrated sulph- 
uric acid 

Blue 

Blue 


9-Nitroso-compounds 

% 

V 

co 

K> 

o 

M. p. 113° 

M. p. 106° 

Sulphuric acid with 
one drop of nitric 
acid. 

Deep green, 

changed to 
blue. 

Brown-red, 

deepened. 


Hydrochloric acid to 
alcoholic solution 

(a) Red color- 
ation 

(a) Indistinct 
coloration 

— 

( a ) ; on warming (6) ( b ) Blue flocks 

Chemical Research Laboratory, 

(b) Blue flocks 



Teddington, Middlesex. 


[ Received , May dth, 1930.] 


NOTES. 

The Mechanism of Cyanoacetamide and Cyanoacetic Ester Con - 
densations . A Reply. By Jogendra Chandra Bardhan. 

A short time ago (J., 1929, 2225) the author discussed Ingold’s 
view (J., 1921, 119, 330) that monoketonic compounds react with 
ethyl cyanoacetate in the enolic form, in the light of the contrary 
observations of Kohler and Corson {J. Amer. Chem. Soc 1923, 45, 
1975) and of Lapwortk and McRae (J., 1922, 121, 2741). In a 
recent communication (this vol., p. 184) Ingold states that the 
author’s account of his work on the subject is misleading inasmuch 
as his subsequent modified views ( J., 1926, 1868) have not been taken 
into consideration. In this later paper Ingold’s references to 
aldol condensation are very brief. Indeed, no mention is made of 
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his earlier work or of the subsequent demonstrations of Kohler, 
Lapworth, and others which are definitely at variance with his 
hypothesis. In these circumstances the omission by the author of 
any reference to this paper was unavoidable. 

The evidence which Ingold brings forward in support of the state- 
ment that in an enolised (3 -diketone carbon coupling consistently 
occurs at enolic carbon is not conclusive. There can be little doubt 
that in ethoxymethylene -ketones and other ocp -unsaturated ketones, 
e.g., mesityl oxide, benzylideneacetone, etc., the ethylenic double 
bond takes part in additive reactions ; but it is not clear to the 
author why similar considerations would hold in the case of enolised 
1 : 3-dicarbonyl compounds where owing to prototropic changes 
the enolic double bond cannot always remain in the a(3 -position. 
Furthermore, Ingold assumes that in hydroxymethylenecycZo- 
hexanone the direction of enolisation is beyond doubt and carbon 
coupling takes place at the enolic carbon, leading to the formation 
of a quinoline derivative. So far as the author is aware, scarcely 
any work appears to have been done on the constitution of hydroxy - 
methylenecycZohexanone . On general grounds it is, however, quite 
conceivable that equilibrium exists between the hydroxymethylene 
form (I) and the aldo-enolic form (II), especially as the cyclohexane 
ring exhibits a marked tendency to acquire a double bond (compare, 
for instance, Dieckmann, Annalen , 1901, 317, 27 ; Birch, Kon, and 
Norris, J., 1923, 123, 1368). Consequently the view that in 


(i.) x ? : ° 

/CICH-OH 


/CH-CHO 


\>OH 

I I 

/C-CHO 


(II.) 


hydroxymethylenecycfohexanone the direction of enolisation is 
fixed cannot be regarded as correct. According to the author's 
view, the preferential formation of the quinoline derivative is 
explicable by the superior activity of the aldehyde group in com- 
parison with the carbonyl. The author's observations, however, 
are based on only a few instances and therefore it seems desirable to 
postpone discussion until further experiments have been performed. 
— University College of Science, Calcutta. [Received, 
May 12th, 1930.] 


The Preparation of Anhydrous Oxalic Acid , By Erio Ian J ohnson 
and James Riddick Partington. 

Anhydrous oxalic acid is readily prepared by the following method. 
A mixture of 5 g. of the hydrated acid with 100 c.c. of toluene, pre- 
viously distilled over calcium chloride, is distilled in a wide-necked 
conical flask until about 15 c.c. of liquid remain. The contents of 
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the flask are submitted to filtration and the solid is washed with a 
little dry benzene. It is then kept in a vacuum desiccator over wax 
for 12 hours. The product is found by titration to be pure anhydrous 
oxalic acid. A conical flask is used since, during distillation, the 
anhydrous acid separates in small needles adhering to the side of the 
flask which are difficult to remove from an ordinary distilling flask. 
The method is probably capable of application, with suitable 
distilling liquids, in many other cases and an attempt is being made 
to 'obtain anhydrous periodic acid in this way. A similar method 
using carbon tetrachloride has been described (Adams, 44 Organic 
Syntheses, 3 ’ 1921, Vol. I, p. 67). Since toluene has a higher boiling 
point than carbon tetrachloride, its use will probably expedite the 
dehydration. — East London College, University of London. 
[Received, 'May 24 &h, 1930.] 
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Filters, glass, in qualitative analysis 
(Huttig and Nette), ii, 431. 
Filter-paper, adsorption of acids by 
(Mokruschin), ii, 957. 

Filter tube, Shimer (Bingham), ii, 
432. 

Filtration, effect of, on potential (Riety), 
ii, 796. 

Filtration apparatus, glass (Prausnitz), 
ii, 996. 

Fisetin, fluorescence of, in ultra-violet 
light (Meunier and Bonnet), ii, 738. 
Fisetinidin chloride trim ethyl ether 
(Pratt and Robinson), i, 422. 

Fish, arsenic in (Cox), ii, 157. 
blood-sugar in, under various con- 
ditions (McCormick and Macleod), 

i, 856. 

insulin from (McCormick and Noble ; 

McCormick), i, 754. 
marine, effect of hydrogen-ion con- 
centration on oxygen consumption 
in (Pereira), i, 177. 

Pacific Coast, analyses of (Dill), i, 
856. . 

Flame, propagation of, in inflammable 
mixtures of gases (White), ii, 48, 
408, 553. 

propagation of, in closed vessels (Ellis 
and Wheeler), ii, 554. 
photography of (Ellis and Robinson), 

ii, 590. 

effect of nitrogen dilution on speed of 
(Ellis), ii, 135. 

Flames, mobility of negative ions in 
(Watt), ii, 170. 

monochromatic illuminator for (Gor- 
don), ii, 588. 

ozone in (v. Wartenburg), ii, 147 ; 

(Riesenfeld), ii, 148. 
ehlor- and oxy-hydrogen, conductivity 
of salt vapours in (Kalandyk), 
ii, 208. 

non-luminous, radiation from (Has- 
lam, Lovell, and Hunnbman), 
ii, 475. 

oxy-hydrogen, hydrogen peroxide in 
(Riesenfeld), ii, 148. 

Flavan, 4:5:7:3 / :4 / -^eniahydroxy-, and 
its acetyl derivative (Nierenstein), 
i, 280. 

Flavanols, influence of methoxy-substi- 
tution on the absorption spectra of 
(Tasaxi), i, 1444. 

Flavanone, 2'-chloro-, and isonitroso- 
(RSthlisberger), i, 572. 

K bs, hromothio- (Arndt), i, 

glucosides, absorption spectra 
3Kbromo-l~tbio-, and thio-, 


Flavone, 2 / -chloro- (Rothlisberger), 
i, 571. 

dithio- (Arndt, Nachtwey, and 
Pcsoh), i, 1312. 

Flavones, influence of methoxy-substitu- 
tion on the absorption spectra of 
(Tasaki), i, 1444, 1445. 
physiology and distribution of, in 
plants (Klein and Werner), i, 
870. 

isoFlavone group, syntheses in the 
(Baker and Robinson), i, 1299. 

Flavonol, 2'-chloro-, and its acetyl 
derivative (Rothlisberger), i, 571. 

Flavouring materials in foods (Bylsma), 
i, 1356. 

Flavylium chloride, 3:5:7;3'-^mhydr- 
oxy- (Pratt and Robinson), i, 826. 

Flesh, pigments of (Schumm), i, 341, 
721, 1347. 

Flint, formation of, in chalk (Linck and 
Becker), ii, 820. 

Flores priimclce, green colouring matter 
from (v. Lingelsheim), i, 601. 

Florida earth, polymerisation of unsatur- 
ated compounds by means of (Lebedev 
and Filonenko), i, 225. 

Floridece, pigments of (Rodio), i, 621. 

Flowers, extraction of essential oils from 
(v. Soden), i, 1123. 

Fluoflavine, 3 -mono- and 3:8 -^‘-chloro- 
(Kekrmann and Bener), i, 443. 

Fluoran derivatives, structure of 
(Dominikiewicz), i, 53. 

Fluorene, 2:7-^iamino-, derivatives of 
(StolltS and Adam), i, 1469. 

2:7 :9 : 9 -taSrahydroxy-, true nature of 
(Courtot and Geoffroy), i, 926. 

Fluorenes, 9-amino-, stereoisomeric, and 
their derivatives (Kuhn and Jacob), 
i, 1260, 1404. 

Fluorenone hydrate, constitution of 
(Kuhn and Wassermann), i, 1398. 

Fluorenone, 2-hydroxj-, and 2:7-<&hydr- 
oxy-, and its derivatives (Courtot 
and Geoffroy), i, 927. 

Fluorenylamines, synthesis of (Courtot 
and Petitoolas), i, 247. 

Fluorenyl-a-naphthylamine (Courtot 
and Petitcolas), i, 248. 

Fluorenyl-^-nitroaniline (Courtot and 
Petitcolas), i, 248. 

Fluorenyl-^-tolylamine (Courtot and 
Petitcolas), i, 248. 

Fluorescein, phosphorescence of (Bat- 
scha), ii, 181. 

halogen derivatives, absorption and 
stability to hydrogen ions of 
(Holmes), i, 255. 

determination of, spectro-photometric- 
ally (Fabre), ii, 1212. 

Fluoresceins (Durr and Thorpe), i, 140. 
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Fluorescence (Perrin and Choucroun), 
ii, 55 ; (Bayle, Fabre, and 
George), ii, 260. 

theory of diminution of (Predvodi- 
telev), ii, 738. 

and chemical change (Chakravarti 
and Dhar), ii, 629. 
of colouring matters, extinction of 
(Vavilov), ii, 474. 
and phosphorescence (Levschin), 
ii, 629. 

polarisation of (Levsohin), ii, 13, 
1117 ; (Vavilov), ii, 739 ; (Wei- 
gert and K appler), ii, 1026* 
of liquids (Asterblum), ii, 1026. 
of oiganic compounds (Moir), ii, 261. 
as a test of purity (Bayle and 
Fabre), ii, 604. 

of photographic developers (A, and 
L. Lumi:&re and Seyewetz), i, 
1060. 

of solids (Gyemant), ii, 13. 
polarised, theory of (Perrin), ii, 
353* 

resonance (Stuart; Hanle), ii, 629. 
Fluorescent substances, absorption of 
light by (Pienkovski and|J ablonski), 
ii, 1031. 

Fluorescin, detection of hydrocyanic 
acid with (Stamm), ii, 76. 

Fluorides. See under Fluorine. 
Fluorindines, and their salts (Kehr- 
mann and Sohedler), i, 441. 
Fluorine, potential of (Neumann and 
Richter), ii, 1164. 

Hydrofluoric acid, ionisation potential 
of (Glookler), ii, 1105. 
freezing point of (Anthony and 
Hudleston), ii, 644. 
determination of (Waetzel), ii, 
433. 

Fluorides, effect of, in diet on the 
teeth of rats (McCollum, Sim- 
monds, , Broker, and Bunting), 
i, 861. 

determination of, electrometrically 
(Treadwell), ii, 1197. 

Fluorine detection and determina- 
tion : — 

detection and determination of (Meyer 
and Schulz), ii, 598. 

Fluorite, effect of heating on the cathode 
luminescence of (Wick and Gleason), 
ii, 262* 

Fluorocyclene, and its bromo and nitro 
derivatives (Dziewonski and Suszko), 
i, 649. 

Fluorocyclenetetrasulphonic acid, di- 
hydroxy-, and its salts (Dziewo&ski 
and Suszko), i, 650. 

a-9-Fluoryldimethylcarbamide (Kuhn 
and Jacob), i, 1261. 


Foaming power, relation between surface 
tension and (Ostwald and Steiner), 
ii, 771. 

Fcetus, calcium in the growing 
(Schmitz), i, 456. 

r61e of calcium and potassium in 
development of the (Mendeleev 
and Glosse), i, 456. 

Foods, perfumes and flavourings in 
(Bylsma), i, 1356. 

marine, iodine in (Tressler and 
Wells), i, 183, 

Foodstuffs, specific dynamic action of 
(Miyazaki and Abelin ; Abelin), 

i, 332. 

effect of treatment of, on value for 
growth (Miller and Yates), i, 
108. 

iodine in (v. Fellenberg), i, 347. 

Formaldehyde (methanol ; formalin), 
formation of, by action of ultra- 
violet light on carbon dioxide and 
water (Porter and Raaisperger), 
n, 573* \ 

preparation of, with lead carbonate 
containing radium-n (Stolfi), ii, 
1111 . 

heat of formation of (v. Warten- 
berg and Lerner-Steenberg), 

ii, 745. 

vapour pressure and chemical con- 
stant of (Mali and Ghosh), i, 
116. 

vapour pressure of aqueous solutions 
of (Blair and Ledbury), ii, 400. 
effect of inorganic substances on 
polymerisation of (K. and W. F. 
Short), i, 232. 

catalytic decomposition of (E. and F. 
Muller), ii, 414. 

electrolytic oxidation of (del Fresno), 
ii, 267. 

kinetics of the oxidation reduction 
of (v. Euler and L5 vgren), ii, 
981. 

oxidation of jt?-phenylenediamine with 
hydrogen peroxide and (Latt), i, 
1457. 

condensations of (Schmalfuss and 
Kallb), i, 116. 

condensation of, with ^-aminoaeeto- 
phenone (Grabqwska and Weil), 
i, 260. 

compounds of glycine with (Berg- 
mann and Ensslin), i, 1046. 
action of, on methyluracils 
(Schmbbes), i, 435. 
action of, on proteins of serum 
(Henley), i, 716, 
detection of (Ghigliotto), ii, 445. 
determination of (Schulek), ii, 606 ; 
(Romeo), ii, 1009. 
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For mazy lbenzene, dibromo- (Chatta- 
■way and Walker), i, 930. 

Formic acid, oxidation of, by hydrogen 
peroxide (Hatcher and Holden), 
ii, 684. 

action of, on sesquiterpenes (Robert- 
son, Kerr, and Henderson), i, 
1293. 


calcium salt, crystal structure of 
(Yardley), ii, 430. 
chromous salts (Traube, Burmeister, 
and Stahn), ii, 990. 
sodium salt, reduction of mercuric 
bromide by (Bourion and Picard), 
ii, 685. 

alkoxymethyl esters (Farren, Fife, 
Clark, and Garland), i, 1230. 
isobornyl ester (Pariselle), ii, 742. 
methyl ester, pyrogenic decomposition 
of (Muller and Peytral), i, 353 ; 
(Peytral), i, 777. 

determination of, in blood and urine 
(deEds), i, 713. 

Formic acid, chloro-, esters of (Oesper, 
Broker, and Cook), i, 1408. 
eyano-, ethyl ester, action of mag- 
nesium ethyl bromide on (Bruy- 
lants), i, 15. 

methyl ester, action of, on magnesium 
organic compounds (Finger and 
Gaul), i, 1431. 

a-Formiminoacetoacetic acid, ethyl ester 
hydrochloride (Wieland and Dor- 
rer), i, 779. 

Formyltrimetbylarsonium bromide, 
aetion of, on the nervous system 
(Hunt and Renshaw), i, 861. 

Fourmarierite, constitution of (Schoep), 
ii, 236. 

Foyaite (Molengraaff and Hall), 
ii, 64. 

Fractionation apparatus, Fischer 
vacuum (Sattler), ii, 708. 

Free-spaee numbers (Lorenz and 
Herz), ii, 185. 

Freezing points of binary mixtures 
(Andrews, Kohman, and John- 
ston), ii, 852. 

of dilute solutions of electrolytes 
(Hovorka and Rodebush), ii, 772. 

Friction, internal, of aqueous solutions, 
effect of temperature on (Wien), 
ii, 931. 


internal relative (Herz and Wegner), 
ii, 482. ' 

K Srafts reaction with aide- 
ethylene oxide (Schaar- 
Hj&mann and Szemzi), 

See Heart. 

ink See Metabolism. 

See Herves. 


Fruits, constituents of (Tutin), i, 1028. 
effect of storage on the anti-scurvy 
value of (Delf), i, 484. 
lead salts of acids from (Auerbach 
and Weber), i, 1130. 

Fruit juices, detection of lactic acid in 
(Borntrager), ii, 1007. 

Fulgides, halochromism of (Dietzel 
and Naton), i, 1067. 

Fulminic acid (Wieland), i, 1048. 

Fumaric acid, formation of, from maleic 
acid (Terry and Eichelberger), 

i, 780. 

crystal structure of (Yardley), 

ii, 1126. 

halogenation of (Terry and Eichel- 
berger), i, 631. 

oxidation of, to tartaric acid (Milas 
and Terry), i, 780. 
sodium salt, surface tension of solu- 
tions of (Ribas), ii, 647. 

Fungi, staling of cultures of (Pratt), 
i, 106. 

calcium requirements of algae and 
(Loew), i, 1218. 

colouring matters of (Kogl and 
Postowsky), i, 50, 1083, 1439 ; 
(KOgl and v. Taeuffenbach), 
i, 1440. 

ammonium acetate as source of 
nitrogen for (Bach), i, 216. 
oxidation of fats by (Berx), i, 1119. 
excretion of urea by (Ivanov), 
i, 344, 746. 

higher (Guth), i, 1247. 

Furfaraldehyde, molecular association 
of (Getman), ii, 511. 
condensation of, with aliphatic alde- 
hydes (Ivanov), i, 421. 

Furfuraldoxime JV- phenyl ether (Bam- 
berger), i, 142. 

Furfuroic acid, furfuryl ester (Zanetti), 
i, 953. 

Furfuryl alcohol, esters of (Zanetti), 
i, 567. 

Furfuryl bromide (v. Braun, Fuss- 
ganger, and Kuhn), i, 1403. 

Furfurylbenzylmethylamine, and its 
salts (v. Braun, Fussganger, and 
Kuhn), i, 1403. 

a-Furfnrylideneacetaldehyde, and its 
derivatives (Ivanov), i, 421. 

Furfnrylideneaminoacetic acid, barium 
salt (Bergmann, Ensslin, and 
Zervas), i, 891. 

a -Furfurylidenebutaldehyde , and its 
derivatives (Ivanov), i, 421. 

a-Furfurylideneheptaldehyde, and its 
derivatives (Ivanov), i, 421. 

2-FtLrfnrylidene-6-cycZohexylidenecycZo- 
hexanone (Garland and Reid), 
i, 1281. 
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a-Furfurylidenepropaldehyde, and its 
derivatives (Ivanov), i, 421. 

a- F urf ur ylidenevaleraldehyde , and its 
derivatives (Ivanov), i, 421. 

Furnace, micro-, for high magnifications 
(Roberts and Stadnichenko), 
ii, 707. 

Furoxane, tficyano- ( Wieland), i, 1050. 

Furyl-tt-butylcarbinol (Pierce and 
ADams), i, 824. 

4-Fury 1-1:6- dimethylmethylenedihydro- 
pyridine, and its salts and derivatives 
(Mumm), i, 965. 

4-Furyl-l:6-dimethylpyridine-3:5-di- 
carboxylic acid, ethyl ester, metho- 
snlphate (Mumm), i, 964. 

4-Puryl-l :6-dimetbyl-a-pyridone 
(Mumm), i, 966. 

Puryltricblorometbylcarbinol 
(Howard), i, 557. 

4-Furyl-l :2:6-trimethyldihydropyrid- 
ine-3:5dicarboxylic acids, ethyl 
esters (Mumm), i, 966. 

Pusain, oxidation of (Tideswbll and 
Wheeler), i, 373. 

Fusarkm , development of pigment in 
species of (Sideris), i, 1863. 

Fusarium cromyophthoron, effect of 
hydrogen-ion concentration on the 
pectinase in (Sideris), i, 1117. 

Fusarium li%% growth of (Anderson), 
i, 1522. 


G. 

iwGadoleic acid, and its silver salt 
(Hashimoto), i, 1234. 

Galactosamic acid, and its phenylhydr- 
azide (Feeudenberg and Doser), i, 
367. 

Galactose, fermentation of, by yeast 
(v. Euler and Nilsson), i, 866 ; 
(v. Euler and LSvgren), i, 1214 ; 
(Abderhalden), i, 1362. 
metabolism of. See Metabolism, 
isopropylidene etber (Levene and 
Meyer), i, 1043. 

Galactosemonodiphenylmethanedi* 

methyldihydrazone (v. Braun and 
Bayer), i, 1383. 

Galactosidoglucose (Sohlubaoh and 

RAUCHEN BERGER), i, 888. 

Galan ginidin chloride 3-methyl ether 
(Malkin and Robinson), i, 827. 
iodide (Pratt and Robinson), i, 826. 

Galangin 3-methyl ether, and its di- 
acetyl derivative (Kalff and 
Robinson), i, 423. 
trimethyl ether (Tasaki), i, 1444. 

Galegine, and its salts (Muller), i, 
1520. 


Gallium (Fricke and Blencke) ii, 
417. 

spark spectrum of (Weinberg), ii, 
249 ; (Carroll), ii, 1101. 
hydroxide (Fricke), ii, 578. 

Gallium separation 
separation of (Swift), ii, 71. 
separation of, from aluminium and 
iron (Fricke), ii, 71 7. 

Gallot&nnin (NebPwEnstein, Spiers, 
and Hatcher), i, 692. 
action of yeast on (Nierenstein, 
Spiers, and Hadley), i, 951. 

Gamboge suspensions, specific volume of 
(Coutts), ii, 290. 

Gardenia, turgid a, d-mannitol from 
(Forster and Rao), i, 1295. 

Gas, electrolytic, safety devices against 
explosions of (Normann), ii, 996. 

Gases, electrical double refraction of 
(Lyon), ii, 266. 

reflection of electrons in (Baerwald), 
ii, 731. 

diamagnetism of (Glaser), ii, 82. 
dispersion formula for (Hebzfeld 
and Wolf), ii, 182, 478. 
electric discharge through (Thomson), 
ii, 461 ; (Banebji), ii, 921. 
electrodeless discharge in (Lasarev), 
ii, 1107. 

apparatus for studying passage of 
sparks through (Jolibois), ii, 1194. 
electrification by friction between 
solids and (Perucca), ii, 1028. 
ionisation in (Langmuir and Jones), 
ii, 169. 

by impacts (Compton and van 
Voorhis; Tuve; Tate; Wal- 
die), ii, 1106. 

by slow-moving electrons (Jesse), 
ii, 919. 

by a-particles (Gurney), ii, 256. 
ionisation and vapour pressure of 
(Becker), ii, 342. 

mobility of ions in (Loeb), ii, 461 ; 
(Wahlin), ii, 615. 

liberation of ions in reactions between 
(Brewer), ii, 919. 

critical potentials of (Dymond), ii, 6, 
253. 

potential at interfaces of liquids with 
(Frumkin), ii, 873. 
attachment of electrons to molecules 
of (Bailey), ii, 1019. 
molecular heats of, at low temper- 
atures (Giacomini), ii, 757. 
specific heat of (Brinkworth), ii, 
373. 

thermodynamic temperature of 
(Wertheimer), ii, 784. 
thermal study of systems of (Pic- 
cardi), ii, 540. 
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Oases, kinetic theory of (de Kolo- 
soyski), ii, 531. 

in relation to the quantum theory 
(Schidlof), ii, 843. 
equations for (Leduc), ii, 376 ; 
(Herz), ii, 496. 

mass-action law for (Gillespie), ii, 532. 
quantum methods applied to (Planck ; 
Einstein), ii, 495. 

compressibility of (Battjecas ; Batue- 
cas, Maverick, and Schlatter), 
ii, 497. 

apparatus for measuring (Howarth 
and Burt), ii, 818. 
effect of molecular attraction on the 
pressure of (Maass and Morrison), 
ii, 500. 

pressure and radiation in relation to 
intermolecular forces in (Stewart), 
ii, 1112. 

equilibrium pressure of hydrates of 
(Tamm ann and Krige), ii, 869. 
temperature and pressure variations 
in (Mandell and West), ii, 99. 
sudden cooling of, in a quartz tube 
(Stattdinger and Kreis), ii, 816. 
critical pressure of, under varying 
specific heat (Walker), ii, 100. 
cryoscopy of solutions of, in various 
solvents (Garelli), ii, 1151. 
density and diffusion of (Barus), ii, 
25. 

viscosity of, at low temperatures 
(Gunther), ii, 100. 
interfacial properties of, in contact 
with liquids (Gilbert and Shaw), 
ii, 795. 

movements of small bubbles of, in 
water (McTaggart), ii, 509. 
determination of solubility of, in 
liquids (Manchot), ii, 233. 
supersaturation of, in liquids (Ken- 
rick, Wisher, and Wyatt), ii, 
105 ; (Wyatt), ii, 504. 
absorption coefficients for electrons in 
(Brode), ii, 617. 

adsorption of (Urbain; Munro and 
Johnson ; Ray), ii, 191 ; (Ruff 
and Hohlfelb), ii, 192. 
equation for (Bangham and Sever), 
ii, 507. 

influence of rate of flow on (Lorenz 
and Wiedbrauck), ii, 507. 

, ■ by cellulose nitrate (Costa), ii, 956. 
by graphite (Lowry and Morgan), 

^^^^^qmds (Lewis and Whitman), 

^ (BiaoHQFF and Adkins), 

iW hitman and Davis; 

^$, 106 . 


Gases, catalysis of, with metals of the 
platinum group (Duparc, Wenger, 
and Urfer), ii, 1177. 

combustion of, with air (White), 
ii, 48. 

at high pressures (Bone, Hewitt, 
and Townend), ii, 800. 
electrification in (Dickinson), ii, 
740. 

electrical ignition -of (Morgan), ii, 
553. 

influence of vapours on the inflam- 
mability of mixtures of air and 
(Jorissen and Meuwissen), ii, 307 ; 
(Jorissen and van her Talk), ii, 
874 ; (Jorissen and Ongkiehong), 
ii, 875. 

explosion of (Brown, Leslie, and 
Hunn), ii, 682. 

apparatus for preparation of constant 
mixtures of air and (Yant and 
Frey), ii, 897. 

circulation pump for (Menzies, Col- 
lins, and Tyson), ii, 818. 

complex, band spectra of crystals and 
of (Kahler), ii, 626. 

condensed, entropy of, at absolute 
zero (Euoken and Fried), ii, 97. 

degraded, theory of (Bennewitz), ii, 
97. 

diatomic, molecular heat and thermal 
conductivity of (Schreiner), ii, 
97. 

heated, electrical conductivity of 
(Ghosh), ii, 461. 

ideal, quantum theory of (Einstein), 
ii, 624. 

entropy of (v. Hauer), ii, 495 ; 
(de Kolosovski), ii, 496. 

inert, cathode fall, current density, 
and dark space in mixtures of 
(Gunther-Schulze), ii, 341. 
calculation of atomic frequencies of 
(Narbutt), ii, 948. 
rarity of (Aston), ii, 18. 

inflammable, propagation of flame in 
mixtures of air and (White), ii, 
408. 

mixed, action of radiation on (Senft- 
leben), ii, 883. 

mobility of ions in (Loeb and 
Ashley), ii, 7. 

adsorption and evolution of, from 
charcoal (Lorenz and Wied- 
brauck), ii, 382. 

effect of infra-red radiation on com- 
bustion of (David), ii, 980. 
ignition of (Wheeler), ii, 408; 
(White), ii, 553. 

explosion of (Berl and Fischer), 
ii, 413 ; (Wendlandt), ii, 135, 
SOL 
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Oases, mixed, separation of, by diffusion 
(Lorenz and Magnus), ii, 501. 
thermal separation of (Elliott and 
Masson), ii, 763. 

monatomic, chemical constants of 
(Simon), ii, 98. 

perfect, definition of (Clark), ii, 
495. 

rare,, in the atmosphere (Jeffreys), 
ii, 83. 

from volcanoes (Prom and Bqg- 
gio-Lera), ii, 1092. 
excitation and ionisation potentials 
of (Hertz and Kloppers), ii, 
342. 

ionisation and resonance potentials 
of (Hertz and Kloppers), ii. 
730. 

relationship of pseudo- and non- 
electrolytes to (Carlsohn), ii, 
1044. 

determination of, v by combustion with 
cupric oxide (Sv^da), ii, 432. 

Gas absorption apparatus (Patterson), 
ii, 151. 

Geissler bulbs (Oddo), ii, 431. 
pipette (Jones), ii, 431. 

Gas analysis, absorption of oxygen in 
(Fieser), ii, 238. 

by combustion with copper oxide 
(SvtSda), ii, 154. 
automatic (Lowenstein), ii, 154. 

Gas analysis apparatus (Murray), ii, 
593 ; (Chamberlain and Hewitt), 
ii, 710. 

burette for electrochemical processes 
(Jofenov), ii, 898. 

burette for micro-analysis (Chris- 
tiansen), ii, 593. 
multiple (Dirken), ii, 154. 
for determining oxygen and carbon 
dioxide in respiratory exchange 
(Hagedorn), i, 177. 

G&b circulation apparatus (Pearson 
and Thomas), ii, 1194. 

Gas interferometer, Haber-Lowe, cal- 
ibration of (Werner), ii, 1091. 

Gastric juice, action of, on chlorophyll 
(Kortschagin), i, 200. 
determination of the free acid of 
(Sahli), i, 458. 

determination of pepsin in (Rostock), 
i, 1009 j (Boas ; Hirsch-Mamroth 
and Rinbfleisch), i, 1213. 
Gastropods, intestines of. See Intestines. 
Gaucher’s disease, kerasin in (Lire), i, 
189. 

Gay-Lussac’s law applied to liquid 
films . (Maroelin ; . JDelaplace), ii, 
772. 

Gehlenite, constitution of (Gossner), ii, 
821. 


Gein, extraction and properties of 
(Herissey and Cheymol), i, 
487. 

sugars from (Herissey and Chey- 
mol), i, 1383. 

Gels, character and electrical properties 
of (Michaud), ii, 292. 
velocity of hydrogen ions in (Isgari- 
schev and Pomeranzeva), ii, 

m. 

kinetics of swelling and shrinking of 
(Liepatov), ii, 685, 968. 
replacement of (Lindgren), ii, 392. 
adsorption and osmosis in (Tomita), 
ii, 202. 

effect of hydrogen-ion concentration 
on adsorption of colouring mattem 
by (Marker and Gordon), ii, 31. 
rhythmic precipitation in (Fischer), 
ii, 853. 

microtome for cutting sections of 
(Fricke), ii, 965. 

deformed, effect of drying on (Hat- 
schek), ii, 667. 

dyed, birefringency and dichroism in 
(Neubert), ii, 201. 

Gelatin (Kingston and Schryver), i, 
89 ; (Knaggs and Sohryver ; 
Manning), i, 90 ; (Horne), i, 91. 
optical activity of (Kraemer and 
Fanselow), ii, 1057. 
ultra-violet absorption spectrum of 
(Baker and Davidson), ii, 838. 
rotatory power of (Yl^s and Yel- 
linger), ii, 292. 

effect of hydrogen-ion concentration 
on (Bogue and O'Connell), ii, 
744. 

photographically active (Sheppard), 
ii, 966. 

second isoelectric point of (Kraembr), 
ii, 519. 

density and hydration of (Svedberg), 
ii, 202. 

swelling of, in carbamide (ChodAt), 
ii, 521. 

effect of hydrogen-ion concentration 
on (Ostwald, Kuhn, and 
BOhme), ii, 777. 
elasticity of (Soarth), ii, 862, 
electro-ultrafiltration of (Bechhold 
and Bosenberg), ii, 668. 
surface tension of (Johlin), a, 388 ; 
(Johnston and Peard), ii, 659; 
(de Caro), ii, 857. 
distribution of hydrogen ions between 
water and (Shukov and Stschouk- 
arev), ii, 386. 

influence of, on transport numbers 
(Soatchard), ii, 41. 
gels, elasticity of (Poole ; Sauer and 
Kjnkel), ii, 519* 
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Gelatin gels, formation of Liesegang’s 
rings in (Scott- Blair), ii, 519. 
action of .sodium aminoacetate and 
tungstate on, in test tubes 
(Stuckert), ii, 1061. 
solutions, plasticity and structure of 
(Shepparb ; Bogus), ii, 1058. 
influence of neutral salts on (Stiabny 
and Gupta), i, 707 ; ii, 892 ; 
(Stiasny, Gupta, and Trbsser), 
ii, 393 ; (Stiasny), ii, 524 ; (Csapo), 
ii, 1157. 

action of bile salts on (Stuckbrt), ii, 

392. 

protective action of, on gold sols 
(Tartar and Borah), ii, 864. 
action of ferric hydroxide sols on 
aqueous solutions of (Wintgen and 
Meyer), ii, 524. 

precipitation of, by tannin (Smoro- 
bincev and Abova), i, 847. 
titration curve of (Atkin and 
Douglas), ii, 113. 
sensitisation of Congo-red by (Ettisch 
and Bunge), ii, 864. 

Gelatinase, formation of, by Proteus 
(Clark and Merrill), i, 1511. 

Geneserine hydriodide (Polonovski and 
Polonovski), i, 960. 

^-Geneserolimethine hydrochloride 
(Polonovski and Polonovski), i, 293. 

^-Geneseroline (Polonovski and 
Polonovski), i,. 293. 

Gentiacaulin, hydrolysis of (Briber), i, 
336. 

feentiobiase (Kaurer and Staub), i, 
336. 

Geodia gigas, constitnents of (Acker- 
mann, Holtz, and Reinwein), i, 720. 

Geraniol, hydrogenation of (Grignarb 
and Escourrou), i, 772. 

Germane. See Germanium hydride. 

Germanibenzoie acid. See Phenyl- 
gerrnanoic acid. 

Germanite, analysis of (Kriesel), ii, 
153. 

Germanium (Dennis and Hance), i, 
798 ; (Corey, Laube^gaybr, aud 
Dennis), ii, 493 ; (Dennis and 
Laubengayee), ii, 888. 
spectrum of (Lunt), ii, 611. 
ultra-violet spark spectrum of (Ire- 
ton), ii, 453. 

Germanium hydride, physical properties 
of (Corey, Laubengayer, and 
Dennis), ii, 493. 

vapour pressure of (Schenck and 
Imker), ii, 279. 

phannacology of (Paneth and 
JOAGHIMOGLU), i, 197. 

- ^iiqxide, allotropy of (Muller and 

Blank), ii, 145. 


Germanium organic compounds, aromatic 
(Morgan and Drew), i, 1197. 
tetra-alkyls and -aryls, and tetraeth- 
oxide (Tabern, ’ Ornborff, and 
Dennis), i, 1108. 

tetraethyl (Dennis and Hance), i, 
798. 

Germanium determination : — jT 

determination of (Johnson and 
Dennis), ii, 442. 

Germicides, properties of, in relation to 
structure (Ishiwara), i, 750. 
determination of power of (Cooper, 
Woobhouse, and Forstner), i, 749. 

Geum urbanum, extraction of gein from 
(H^rissey and Qheymol), i, 487. 

Gitogenin in digitalis leaves (Winbaus 
and Brunken), i, 873. 

Gitonin, and its degradation products 
(Winbaus and Linsert), i, 1438. 

Gitoxigenin, and its derivatives (Winb- 
aus and Schwarte), i, 1295. 

Gitoxin from digitalis leaves (Windaus 
and Schwarte), i, 1295. 

Glands, physiology of (Asher and 
Takahashi), i, 331. 
sexual, influence of, on metabolism 
(Korenchevsky and Carr), i, 
1513. 

Glands. See also Prostate, Salivary, 
Thymus, and Thyroid glands. 

Glass, structure of (Seljakov, Strut- 
inski, and Krasnikov), ii, 849. 
constitution and properties of (Turn- 
er), ii, 1144 ; (Eckert ; Tool and 
Hill ; Tammann), ii, 1145. 
physico-chemical composition of 
(Bary), ii, 380. 

transparency of, in the infra-red 
(Liana), ii, 357. 

allotropy of (Le Chatelier), ii, 190. 
viscosity of (Stott, Irvine, and 
Turner), ii, 503: (Stott), ii, 
1146. 

influence of composition on (Eng- 
lish), ii, 954. 

viscosity and allotropy of (Le Chate- 
lier), ii, 280. 

fusibility and viscosity of (Lacrenier 
and Gilard), ii, 379. 
vapour pressure of the volatile eon-'' 
stituents of (Born), ii, 785. 
sorption of ammonia and carbon di- 
oxide by (Bangham and Burt), 
ii, 284. 

adsorption of colouring matters 'by? 1 
(Schelte), ii, 286. 

adsorption of water on (Mc Haf fie r 
and Lenher), ii, 854. 
adsorption of water and vapours hf 
(D'Huart ; Bangham ana Burt), j 
ii, 657. 
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Glass, effect of chemicals on (Klamer), 
ii, 427. 

blue, substitute for (Meyer), ii, 601. 
germanium (Dennis and Lauben- 
gayer), ii, 888. 

molten, surface tension of (Lacrenier 
and Gilard), ii, 887. 
silicate, physical properties of (Turn- 
er), ii, 767. 

soda-lime-silica, X-ray diffraction of 
(Wyckoff and Morey), ii, 1146. 
Gliadin (Troensegaard and Fischer), 
i, 848. 

isoelectric point of (Tague), ii, 391. 
from wheat, preparation and properties 
of (Dill and Alsberg), i, 1478. 
Globulins, physical chemistry of 
(Adolf), ii, 199. 
heat changes of (Adolf), ii, 520. 
increase in, in blood, from decom- 
position of haemoglobin (Reymans), 
i, 1345. 

Glucal, change of, to deoxyglncose, in 
rabbits (Kqndo), i, 99. 

Gluconic acid, formation of, by moulds 
(Butkewitsch), i, 341. 
p-toluenesulphonylhydrazide (Freud- 
enberg and Blummel), i, 52. 
Glucoproteins, carbohydrate group in 
(Izumi), i, 848. 

Glucosamine, configuration of (Karrer, 
Schnider, and Smirnov), i, 418. 
6-Glucosan from cellulose (Venn), i, 
887. 

Glucosans (Kerb and Kerb-Etzdorf), 
i, 233. 

^-Glucose. See Dextrose. 
j8-Glucose, mutarotation of (Lunds- 
gaard and HOLB0LL), i, 1494. 
a- andjS-Glucosephosphoric acids, barium 
salts (Komatsu and Nodzu), i, 515. 
Glucoside, C 21 H 26 Oi S , from HeliantMis 
annuus (Sando), i, 1026. 

Glucosides (Graik and Macbeth), i, 
1296. 

en 2 ymic hydrolysis of (Josephson), 
i, 1359, 1360. 

synthesis of alkyl derivatiyes of 
(Pacsu), i, 515. 

standardisation of, affecting the heart 
(Lendle), i, 1501. 

Glucosides. See also; — 

Acaciin. 

Amygdalin. 

Arbutin. 

Asperuloside. 

Datiscin. 

Diosmin. 

Gein. 

Gitogenin. 

Gitonin. 

Gitoxin. 


Glucosides. See also : — 

Helicin. 

Irisin. 

Loroglossin. 

jS-Methylglueoside. 

Rhamnicoside. 

Salicin. 

6(t)-[j8-^-Glucosido]-a-methyl-^-gluco- 
side (Helferich and Becker), i, 11. 
Glue, velocity of swelling of (Liepatoy), 
ii, 968. 

eleetro-ultrafiltration of (Bechhold 
and Rosenberg), ii, 668. 

Glutaconic acids (Goss, Ingold, and 
Thorpe), i, 549. 

Glutardialdoxime, preparation of 
(Shaw), i, 299. 

Glutarylfluorescein (Dutt and Thorpe), 
i, 141. 

Glutarylrhodamine (Dutt and Thorpe), 

i, 142. 

Glutathione (Tunnicliffe), i, 752 ; 
(Hopkins), i, 1499. 
synthesis of (Stewart and Tunni- 
cliffe), i, 795. 

effect of traces of iron on oxidation of 
(Harrison), i, 13. 

in mammalian blood (Holden), i, 
1484. 

as an arsenic receptor in mammals 
(Yoegtun, Dyer, and Leonard), 

i, 861. 

Glutelin from cotton seed (Jones and 
Csonka), i, 1225. 

Gluten, constituents of (Dill), i, 622. 
Gluten, bromo- (Vandevelde), i, 91. 
Glutenin, isoelectric point of (Tague), 

ii, 391. 

Glyceraldehyde, oxidation of, in presence 
of phosphates (Wind), ii, 1174. 
Z-Glycerie acid, effect of substitution on 
rotation of (Greenwald), i, 712. 
Glycerol, preparation of, by fermentation 
(Tomoda), i, 227. 

heat of solution of (de Kolosovski), 

ii, 540. 

and its aqueous solutions, freezing 
points of (Lane), ii, 971. 
dielectric constant and absorption 
coefficient of (Bock), ii, 355. 
vapour pressure of aqueous solutions 
1 of (Iyer and Usher), ii, 501. 
and its mixtures with sodium 
chloride (Carr, Townsend, and 
Badger), ii, 767. 

purification of (Kailan and Obigi), 
i, 501. 

assimilation of, by oxygenated yeast 
# {Marian), i, 105. 

acetylenic derivatives of (Lespieau), 
i, 1375. 

metabolism of. See Metabolism. 
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Glycerol, detection of, colorimetrically 
(Kolthoff), ii, 161. 

Glycine, possible synthesis of, in the 
body (Swanson), i, 465. 
relation between taste and concentra- 
tion of solutions of (Heiduschka 
and Komm), i, 1389. 
compounds of formaldehyde with 
(Bergiiann and Ensslin), i, 1046. 
Glycine-i>allyloxyanxlide (Karrer, 
Diechmann, and Haebleb), i, 243, 
Glycine anhydride, oxidation of, by- 
hydrogen peroxide (LOdtke), i, 
837. 

diacetyl and dibenzoyl derivatives 
(Abderhalden and Komm), i, 
175. 

Glycogen (Ling, Nanji, and Baton), 
i, 1011. 

molecular weight of (Fearon), i, 12. 
heat of combustion of (Meier and 
Meyerhof), ii, 92. 
effect of sugar administration on form- 
ation of (Gigon), i, 192. 
hexose from fermentation of (v. Euler 
and Nilsson), i, 1496. 
hydrolysis of, by salivary diastase 
(Paechtner), i, 738. 
content of, in liver (Frank and 
Forster), i, 1503. 

decomposition of, in muscle (Weber), 

i, 1004. 

determination of small quantities of 
(de Jongh and Planelles), i, 
325. 

Glycol, C 39 H 60 Oo, and its derivatives, 
from American cotton wax (Fargher 
and Probert), i, 879. 

Glycols, synthesis of, from atrolactinic 
acid (Roger), i, 659. 
wandering of acyl groups in (Bett- 
zieche), i, 1147. 

reaction of, with acetone (Hermans), 

ii, 50. 

Glycolysis (Negelein), i, 856. 
measurement of (Warburg), i, 321. 
in vitro (Morgulis and Barkus ; 
John), i, 1344. 

effect of insulin on (Nitzescu and 
Cadariu), i, 1352. 

Glycosuria. See Diabetes. 

Glycuronic acid in plants (Pallabin 
and Levtschenko), i, 1369. 
d-Glycuronie acid (Ehrlich and Re- 
horst), i, 1379. 

in vegetable fibres (Schwalbe and 
Felbtmann), i, 1238. 
d-Glycurm^Iaetone, structure and rota- 
tion of (Hudson V i, 615. 
G^CyI-^-se®iae, hydrochloride and an- 
% of .'(Bbrgmann and... Mebke- ; 


Glycyltriphenylmethylaininoaceticaeid, 
and its sodium salt and ethyl ester 
(Helferich, Moog, and Junger), i, 
792. 

Glycyrrhizin, reactions of (Bertolo), 
ii, 1212. 

Giyoxaline ( iminazoU ), excretion of, in 
urine (Hunter), i, 459. 

Glyoxalines, inethylation of (Forsyth 
and Pyman), i, 699. 
metabolism of. See Metabolism, 
determination of, colorimetrically 
(Hunter), ii, 332. 

Giyoxaline compounds, crystallography 
of (Greenwood), ii, 1037. 

Giyoxaline -4; 5 -dicarboxylic acid, dis- 
sociation constants of (Pauly), i, 
1327. 

salts of (Lehmstebt), i, 1103. 

Z-Glyox&linelactic acid, fate of, in the 
animal body (Konishi andTANi),i,731. 

Glyoxalinepropionic acid, fate of, in 
the animal body (Konishi and Tani), 
i, 731. 

Glyoxime dimethyl ether, diamino-, and 
its tetra-acetyl derivative (Avogadro 
and Tavola), i, 1041. 

Glyoximes, hydroxy- (Ponzjo), i, 8. 

Glyoxylic acid, isomeric hydrazones of 
(Busch and y. Beust), i, 400. 
colour reaction of, with Schryver’s re- 
action (Fosse and Hieulle), ii, 162. 
identification of, by its reaction with 
hydrazine and xanthhydro] (Fosse 
and Hieulle), i, 1130. 

Goats, protein substitutes in diet of 
(PAasch), i, 1498. 
bile of. See Bile, 
blood of. See Blood 
thyroid of. See Thyroid. 

Goitre, relation between iodine content 
of environment and (v. Fellenberg), 
i, 329. 

Gold obtained from mercury, atomic 
weight of (Honigschmid and 
Zintl), ii, 924. 

formation of; from mercury (Haul), 
ii, 177 ; (Nagaoka), ii, 835, 1111 ; 
(Stammreich), ii, 1208; 
arc spectrum of (Lowery), ii, 4. 
series spectrum of (McLennan and 
McLay), ii, 913. 

spark spectrum of (L. and E. Bloch), 
ii, 829. 

ultra-violet absorption spectrum of 
(Zumstein), ii, 453. 

A-ray absorption coefficient of (War- 
bu&ton and Richtmyer), ii, 1103. 
photo-electric sensitivity of (Suhr- 
' • MANN), ii, 831. 

physical State and catalytic activity of 
(Smith), ii, 1072. 
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Gold, catalysis of hydriodic acid on j 
the surface of (Hinshelwood and 
Prichard), ii, 981. 
anodic oxidation of (Jirsa and Jeli- 
n ek), ii, 54, 141. 

anodic solution of, in hydrochloric 
acid (Allmand and Puri), ii, 302. 
behaviour of, with fused silicates 
(Jander), ii, 416. 

colloidal, preparation of (Zsigmondy 
and Huckel), ii, 775 ; (Haden), 
ii, 895. 

effect of proteins on (Zsigmondy 
and Joel), ii, 35; (Krebs), ii, 1155. 
films, emission of electrons from, 
exposed to Rontgen rays (Simons), 
ii, 81. 

sols (v. Weimarn), ii, 196 ; 
(CrALECKl), ii, 516. 
mobility of particles in (Thiessen), 
ii, 1157. 

protective action of gelatin on 
(Tartar and Lorah), ii, 864. 
action of proteins on (Reinders), 
ii, 1059. 

action of salts on (Kermack and 
Voge), ii, 523. 

protective action of soaps on 
( Papaconstantinou), ii, 393, 
526. 

“explosive,” nature of (Raschig), ii, 
144. 

Gold alloys with cadmium (Saldau), 
ii, 872. 

with copper (Sedstrom), ii, 11)4. 
gold-copper compound in (Sternbr- 
Rainer), ii, 651. 

with palladium, structure of (Hol- 
gersson and Sedstr6m), ii, 20. 
with zinc (Saldau), ii, 205. 
Rdntgen-ray analysis of (Westgren 
ana Phragm&n), ii, 746. 

Gold salts, toxic action of, on protoplasm 
(Voegtlin, Johnson, and Dyer), 
i, 1116. 

trypanocidal action of (Levaditi, 
Girard, and Nicolau), i, 1117. 
Gold amidine and iminochloride (Ras- 
chig), ii, 144. 

selenides (Moser and Atynski), ii, 
584. 

Auric chloride, preparation of (Petit), 
ii, 1089. 

dissociation of (Petit), ii, 668. 
compound of carbon monoxide 
and (Manchot and Gall), ii, 
1182, 

compounds of, with mereaptans 
(RIy) s ii, 184. 
telluride (Bruxl), ii, 895. 

Auxous halides, amraoniates of {Biltz 
and Wein), ii, 1182, 

cxrvm. ii. 


Gold;— 

Chloroanric acid, compounds of acid 
amides with (Fbicxe and Rusch- 
haupt), ii, 894. 

Gold detection and determination: — 
detection of (Steigmann), ii, 719. 
detection of, spectrographieally (Joli- 
bois and Bossuet), ii, 1208. 
determination of, electrometrically 
(Zintl and Rauch), ii, 1005. 
Gmuyteryx rhamni , dye from the wing 
of (Wieland and SchOpf), i, 1464. 
Goose, catalytic hydrolysis of proteins 
from the feathers of (Sadikov), i, 175. 
Goppelsroederis reaction (Schantl), ii, 
440. 

Gossypic acid, gossypyl ester (F^rgher 
and Higginbotham), i, 880. 

Granite, weathering of, under peat 
(Blanck and Rieser), ii, 820. 

Grapes, American, effect of seasons on 
constituents of the juice of (Cald- 
well), i, 1368. 

Concord, non-volatile acids of (Nel- 
son), i, 762. 

Grape fruit, insulin-like substances in 
(Fisher and McKinley), x, 1016. 
Graphite, structure of (Bernal), ii, 17. 
crystal structure of wurtzite and 
(Beckenkamp), ii, 271. 
heats of combustion of (Roth and 
Naeser), ii, 1140. 

melting point and vaporisation of 
(Ryscheevitsch), ii, 276, 374 ; 
(Fajans), ii, 277. 

adsorption of gases by (Lowry and 
Morgan), ii, 1053. 

“activated, 31 sorption of oxygen by 
(Bangham and Stafford), ii, 655. 
“ Graphites ” (Ciusa), ii, 1083. 

Grass, Appa. See Ageraium cmymoides . 

inchi. See Cymb&pogon ccesius, 
Grignard reaction, mechanism of 
(Rheinboldt and Roleff), i, 6. 
in presence of wafer (Schmalfuss and 
Wetzel), i, 395. 

Grignard reagents, constitution of 
(Meisenheimer), i, 527. 
luminescence spectra, of (Dufford, 
Nightingale, and Calvert), ii, 
89, 474. 

action of aldehydes on (Marshall), i, 
1428. 

action of, on amino-acids (Thomas 
and Bettzibche), i, 250, 251, 257 ; 
(Bettzieohe), i, 251, 1147. 
detection of, oolorimetrically (Gilman 
and Schulze), ii, 1011. 

Growth, effect of ultra-violet light on, 
of rats (Hume and Smith), i, 211. 
effect of radium emanation on, of rats 
(Chick and Tazelaar), i, 211. 
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Growth, factors promoting (v. Euler, 
Widell, and Erikson; y. Eller 
and Widell), i, 869; (v. Euler 
and Erikson), i, 1220. 
influence of fluorides and iodides on 
(Maz £), i, 870. 

on a vitamin-rich diet, action of ions 
on (Tsukamoto), i, 210. 

Guaiaeol, melting point of (Pushin), ii, 
277. 

Guaiaeol, 4-amino-, acetyl derivative, 
aeetate, and benzoyl derivative 
(Kehrmann and Hoehn), i, 561. 

Guanidine (Pbllizzari), i, 1047. 
and its methyl derivatives, distinction 
between (Marston), i, 1047. 
double carbonates of rare earth metals 
and (Cannliu), i, 524. 

Guanidine, nitro-, isomeric forms of 
(Davis, Ashdown, and Couch), i, 
644. 

Guanidines, alkylated (Lecher, Graf, 
and Gnadinger), i, 1392. 
methylated, pharmacological action of 
(y. Graevenitz), i, 734. 
determination of, in nrine (Sharpe), 
i, 722. 

Guanidine bases, detection of, colori- 
metrically (Tiegs), i, 97. 
determination of, colorimetrically 
(Marston), i, 97. 

Guanidoacetic acid, cyano-, and its 
salts and derivatives (Fromm, Bar- 
renscheen, Frieder, Pirk, and 
Kapeller), i, 595. 

Guanylic acid, salts of (Izumi), i, 174. 
brucine and strychnine salts (Peiser), 
i, 1477. 

cZ-Gulose, preparation of, by oxidation 
of ^-sorbitol (Talen), i, 1382. 

Gums, enzymes of (Fowler and Ma- 
landkar), i, 1437. 

Gum arabie, replacement of blood by 
solutions of (Ueki), i, 177. 

Gum benzoin sols, action of salts on 
(Kermack and Voge), ii, 523. 

Gypsum, lattice constants of calcite and 
(Hjalmar and Sikgbahn), ii, 92. 
solubility of (Colson), ii, 37. 

H. 

isoHaemagglutinin, physical chemistry 
of (WOhlisoh and Schutz), i, 717. 

Hasmatin, natural pigments resembling 
(Schubjc), i, 854. 

Hematite, crystal structure of (Pauling 

aniBsNi«te£0^ 

of magnetite into 
Baudisoh), -ii, 845.- • 

Wtei steadra* identity of bilirubin and 
@ktm. and Bumsyead), i, 1475. 


Haematoporphyrin, fluorescence of 
(Fab re), ii, 1116. 

metallic derivatives, absorption 
spectra of (Hill), i, 994. 
fluorescence of (Dh£r$, Schneider, 
and van der Bom), ii, 88. 
detection of, in urine (Policard and 
Leulier), i, 1351. 

Hsemin, formation of porphyrin from 
(Kustbr and Huttenlocher), i, 
845. 

esterification of (Zaleski and Lin* 
denfeld), i, 89. 

derivatives of (Kuster and Heess), 
i, 992. 

Haemin, hydroxy- (Hamsik), i, 1476. 

Hsemochromogen (Anson and Mirsky), 
i, 1475. 

carbon monoxide dissociation curve of 
(Anson and Mirsky), i, 456. 

Hsemocyanin (Stedman and Stedman), 
i, 1199. 

Hamoglobin, osmotic pressure of (Wil- 
son), ii, 292 ; (Adair), ii, 965. 
ionic nature of (Taylor), i, 93. 
surface tension of (Johlin), ii, 857. 
kinetics of reactions of (Hartridgb 
and Houghton), ii, 557. 
parent substance of (Marohlewski), 
i, 604. 

oxidation-reduction of (Neill), i, 868, 
998. 

influence of tension of oxygen on 
oxidation of (Neill and Hast- 
ings), i, 709. 

oxygen-combining capacity of (Ma- 
suda), i, 604. 

oxygen dissociation curve of (Adair), 
i 851. 

and its derivatives, hydrolysis of 
starch by (Biedermann and Jer- 
nakoff), i, 11. 

formation of bilirubin from (Rich), 
i, 711 ; (Rich and Bumstead), i, 
1482. 

formation of poi^phyrin from (Sohumm), 
i, 88. 

action of digestive enzymes on the 
iron of (Lintzel ; Barkan), i, 
1482. 

ultra-violet absorption spectra of 
derivatives of (Friedli), ii, 179. 
nitric oxide compound of (Anson and 
Mirsky), i, 1475. . 
non-protein component of (Anson and 
Mirsky), i, 1475, 1476. 
storage and excretion of, in the or- 
ganism (Sbimura), i, 1842. 
reactions of (Adair), i, 849, 850, 
851. 

denomination of (Newham, Wilt* 
shire, and Soharef), i, 711. 
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Haemoglobin, determination of, colori- 
metrically (Kammerer and Schau- 
lin), i, 851. 

use of acetylene in determination of 
(Miller), i, 1112. 

Hamoglbbinometer, new (Burker), i, 
177. 

Haemoleucolysin from the pancreas 
(Belfanti), i, 326. 

Haemolysis, effect of blood serum and of 
sugars on (Kennedy), i, 717. 
specific (Klgpstock), i, 1345. 
Haemolysis, colloidal theory of (Herr- 
mann and Rohner), i, 1202. 
conductivity of red blood corpuscles 
during (Ponder and Taylor), i, 
1202. 

Hsemometer, Sahli’s, standard solution 
for (Koumans), i, 851. 

Haemoporphyrin, conversion of into 
mesoporphyrin and setioporphyrin 
(Fischer and Muller), i, 845. 
Hafnium, discovery and properties of 
(v. Hevesy), ii, 708. 
atomic weight of (Honigschmid and 
Zlntl), ii, 255, 347 ; (v. Hevesy), 
ii, 255. 

preparation of (van A reel and de 
Boer), ii, 1193. 

content of, in zirconium ores (v. 
Hevesy and Jantzen), ii, 430. 
Hafnium double fluorides, solubility of 
(v. Hevesy, Christiansen, and 
Berglunb), ii, 505. 
oxide, density of (v. Hevesy and 
Berglund), ii, 25. 
in tungsten filaments (van Libmfj:), 
ii, 233. 

phosphate (v. Hevesy and Kimtjra), 
ii, 1085. 

solubility of zirconium phosphate 
and (v. Hevesy and Kimtjra), 
ii, 1147. 

Hafnium separation : — 
separation of, and its arc spectrum 
(Bardet and Toijssaint), ii, 826. 
separation of, from cerium, thorium, 
and titanium (Moser and Lessing), 
ii, 718. 

separation of zirconium and (Naam- 
LOOZE VENOOTSCHAP PHILIPS 5 
Glqeelampenfabriken), ii, 62, 
63; (de Boer and van Arkei,), 
ii, 243 ; {v. Hevesy and Madsen), 
ii, 425; (Marquis, P. and G. 
Urbain), ii, 699. 

Hair, hydrolysis of (Merrill), i, 92; 
(Hoffman), i, 1480. 
substance giving the nitroprusside 
reaction in (Kaye), i, 180. 

Halides, action of water on (Sidgwick), 
ii, 102. 


Halides of elements of the fourth group, 
melting points of (Hantzsoh and 
Carlsohn), ii, 1043. 
inorganic, reduction of (Ruff and 
Thomas), ii, 1187. 
organic, structure of, and their re- 
actions with inorganic iodides 
(Conant and Hussey), i, 493 ; 
(Conant, Kirner, and Hussey), 

i, 494. 

Hall coefficient, relation of, to thermo- 
electric power (Heap?), ii, 1135. 

Hall effect in crystals (Lenz), ii, 920. 
Halochromic salts, electrochemistry of, 
in relation to free radicals (Conant, 
Small, and Taylor), ii, 874. 
Halogens, photochemistry of (Bee- 
thoud and Bellenot), ii, 141. 
spectra of (Steubing), ii, 452. 
ultra-violet emission spectra of (Lud- 
lam and West), ii, 350. 
action of light on air saturated with 
vapour of (Jones), ii, 984. 
electron affinity of (Ludlam), ii, 
1018 ; (v. Angerer and Muller), 

ii, 1025. 

lability of, in organic compounds 
(Maobeth and Traill), i, 628, 
782 . 

reaction of saturated aliphatic ketones 
with (Rice and Fryling), ii, 556. 
reaction of potassium cyanide with 
(Muller and Schuoh), ii, 825. 
determination of, in organic com- 
pounds (Busch), ii, 823. 
^-Halogens ( Birckenbach and Keller- 
mann), ii, 508. 

Halogen compounds, partial dehalogen- 

J tion of (Merejkovski), i, 878. 
jtion of siloxen with (Kautsky 
and Thiele), ii, 698. 

Halogen hydrides, structure and nature 
of (Hantzsch), ii, 359 ; (v. Wis- 
niewski), ii, 361. 

Halogen organic compounds, action of 
alkali disulphides and of sodium 
tetTasulphide on (Thomas and 
Riding), i, 113. 

reactions of sodium arsenite with 
(Gutmann), ii, 238. 

Halogenation (Datta and Chatter- 
jee), i, 891. 

Hamamelitannin, and its derivatives 
(Freudenberg and Blummbl), i, 51. 
Hay fever, analysis of blood in 
(Ramirez, St. George, and Moses), 
i, 999. 

Heart, frog’s, action of calcium and 
sodium ions on (Holzlohner), 
i, 1500. 

action of potassium cyanide and 
copper on (Fujimaki), i, 333. 
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Heat, atomic, of solid aliphatic crystals 
(Salant), ii, 1042. 

latent, determination of (Smith), ii, 
756. 

molecular, of gases, at low tempera- 
tures (Giacomini), ii, 757. 
of diatomic gases at low tempera- 
tures (Schreiner), ii, 97. 
specific (Wiesner), ii, 275, 737. 
at low temperatures (Lange), ii, 
96. 

and viscosity (de Kolosovski), ii, 
870. 

of electrolytes (Zwicky), ii, 1188. 
of gases (Brinkvporth), ii, 373. 
of liquids (Ghosh), ii, 275 ; 
(Schulze), ii, 491 ; (Foa), ii, 
1138. 

of binary mixed liquids (Williams 
and Daniels), ii, 765. 
of organic liquids (Busse), ii, 
373. 

of metals (Behrens and Drucker), 
ii, 24. 

of solutions (be Kolosovski), ii, 
653, 791. 

of aqueous solutions (Richards 
and Gucker), ii, 848. 

Heat of combustion (Jaeger and v. 
Steinwehr), ii, 126. 
standard values for (Yerkade), ii, 
871. 

of members of homologous series 
(Yerkade, Hartman, and Coops), 
ii, 364. 

of organic compounds (Verkade, 
Coops, and Hartman), ii, 490. 
in relation to valency of organic 
compounds (Kharasch and Sher), 
ii, 636. 

Heat of dilution and solution of salts 
(WiisT and Lange), ii, 791, 976. 

Heat of evaporation of electrons 
(Weigle), ii, 253. 

Heat of formation of alloys (Biltz and 
Holverscheit), ii, 268- 
of onium compounds (Tschelincev), 
ii, 480. 

Heat of fusion, latent (Stratton and 
Partington), ii, 25. 

Heat of hydration of alkali halides 
(Lange), ii, 847. 

Heat of mixture of condensed systems 
{van Laar and Lorenz), ii, 870. 
Jfeat of oxidation of pure metals 
(Moose and Parr), ii, 208. 

Heat of reaction, incomplete (B&renger 

disfflparios of (£orn and Franck), 

Beatof ; solution (BRrsngrr and Tian), 
ii,t90|(W&ar and Langs), ii, 791. 


Heat of solution, determination of 
(Cohen, Moesveld, and Hel- 
derman), ii, 402. 

calorimeter for (Cohen, Moesveld, 
and Hblderman), ii, 161. 
solubility and lattice energy of salts 
(Butler), ii, 39. 

of alkali halides (Lange), ii, 847; 
partial, relation between, and the 
deviation from Raoult’s law 
(Butler), ii, 539. 

Heat of vaporisation (Byk), ii, 97. 
molecular (Prud’eomme), ii, 188; 

(Narbtttt), ii, 1140. 
relation between surface tension and 
(PlIcinteanu), ii, 39. 
of liquids in relation to the velocity of 
sound (Ionescu), ii, 644. 

Hederagie acid, and its methyl esters 
(Jacobs), i, 948. 

Hederagenic acid, methyl ester, and its 
derivatives (Jacobs), i, 948. 
Hederagenin, structure of (van der 
Haar), i, 946. 

and its derivatives (Jacobs), i, 
948. 

Hederagenolic acid, and its sodium salt 
(van der Haar), i, 946. 
Hederagenone (van der Haar), i, 946. 
Hederagenonic acid, and its salts and 
derivatives (van der Haar), i, 947. 
Helianthin. See Methyl orange. 
Helianthus annuus, anthocyanins in 
(Sando), i, 1026. 

green pigment of (Oparin), i, 1517. 
Helianthrone. See mesa B e azdian throne. 
Helicin, hydrolysis of (Josephson), i, 
1359. 

Helicorubin, and its relation to 
hiemoglobin (Anson and Mirsky), 
i, 1476. 

Helium iu petroleum gases (Clay), ii, 
1195. 

in vacuum tubes (Riding and Baly), 
ii, 925. 

atom, and molecule models of (Allen), 
ii, 349. 

spectrum of (Ornstein and Burger), 
ii, 4 ; (Brtjnetti), ii, 249 ; (Foster), 
ii, 1099. 

band spectrum of (Curtis and Long), 
ii, 722; (Merton and Fillet), ii, 
1024. 

structure of lines in spectrum of 
(Ham ; Gehrcke), ii, 1Q98. 

Stark effect in (Foster), ii, 831. 
Zeeman effect in (Curtis and Jevons), 
ii, 1103. . 7, 

impacts of electrons in (Glooklbr ; 
Dymond), ii, 617. 

mobility of positive ions iu (Wahlin), 
ii, 170. 
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Helium, atomic field of (Jones ), ii, 
253. 

life of metastable atoms of (Kannen- 
stine ; Dempster), ii, 171. 
rectilinear diameter of (Mathias, 
Crommelin, Onnes, and Swal- 
low), ii, 468. 

density of (Baxter and Stark- 
weather), ii, 1045. 
liquefaction of (Meissner), ii, 1135. 
liquid, dielectric constant of (Wolfke 
and Onnes), ii, 631. 
experiments with (Woltjer and 
Onnes), ii, 1038. 

isotherms of (Holborn and Otto), ii, 
851. 

diffusion of, through crystalline septa 
(Piutti and Boggio-Leka), ii, 
500. 

through glass (van Yoorhis), ii, 
1143. 

viscosity of (Gunther), ii, 100. 
metastable (Eckart), ii, 1104. 
chemical activity of (Boomer), ii, 
925. 

compounds of (Boomer), ii, 144. 
combination of mercury and (Manley), 
ii, 57; (Lind and Bardwell), ii, 
1181. 

Hemicellulose, electrolysis of colloidal 
solutions of (Lenoble), i, 793. 
Hemicelluloses (Pringsheim and 
Genin), i, 214. 

Hemipyocyanine, and its derivatives 
(WREDEand Strack), i, 174. 
Hemp-seed, vitamin-i? in (Sure), i, 
212 . 

Hens, digestion in (Mangold), i, 615. 
chemistry of the oviduct of ( Buckner, 
Martin, and Peter), i, 1347. 
laying, calcium metabolism in (Buck- 
ner, Martin, and Peter), i, 190. 
eggs. See Eggs. 

Heparin, purification of, and its presence 
in blood (Howell), i, 1346. 
?i-Heptadecane, l-amino-2-hydroxy-, 
synthesis of (Leyene and Haller), 
i, 890. 

Heptadecaoxymethylene diacetate 
(Staudinger and Luthy), i, 361. 
Heptadecylcarbamide, £ -hydroxy- (Lb- 
vene and Haller), i, 890. 
Heptaethyl-j8-ethylceIlobioside (Hess 
and Salzmann), i, 1383. 
Heptamethyl-8-benzylcellobioside 
(Hess and Salzmann), i, 1383. 
aa'-Heptamethylene^uminodiwobutyric 
/ acid, and its derivatives (Schlesin- 
ger), i, 1250* 

aa' -Heptamethylenediiminodiphenyldi- 
acetic acid, and its derivatives 
(Schlesinger), i, 1250. 


Heptanaphthene, action of aluminium 
chloride on (Zelinski and Smirnov), 
i, 1125. 

Heptane, 8-amino-, oxalate (Mazoure- 
vitch), i, 1241. 

7 $-<££chloro- (Bourguel), i, 770. 
Heptanediols, and their di-p-nitrobenzo- 
ates (Pierce and Adams), i, 824. 
<^0Heptanespfro4-methoxycycfapro- 
pane-l:2-dicarboxylic acid, and its 
derivatives (Baker), i, 1277. 
Heptane-jSyS-triol (DELABYand Morel), 
i, 773. 

Heptan-S-one, 3* hydroxy- (Grignard 
and Dubien), i, 111. 
Heptaoxymethylene diacetate’ (Staud- 
inger and Luthy), i, 361. 

Av-Heptene (Bourguel), i, 770. 

Ay-Hep ten-i3-one, action of organo- 
magnesium compounds on (Grignard 
and Dubien), i. 111. 

Ay-Heptinene (Bourguel), i, 364. 
Heptodilactone (Bennett), i, 883. 
2- r /t-Heptylcycfotelluripentane-3 :5- 
dione, l:l-^iehloride (Morgan and 
Taylor), i, 634. 

2-«-Heptylc2/cZotelluropentane-3:5-dione 
(Morgan and Taylor), i, 634. 
Hesperidine, occurrence of, in plants 
(Oesterle and Wander), i, 1438. 
Heterocyclic compounds (Seka), i, 57, 
1298. 

tautomerism of (Heller, Buchwaldt, 
Fuchs, Kleinicke, and Kloss), 
i, 1323. 

decomposition of (Petrenkg-Krit- 
schenko and Butmi de Xazman), 
i, 1094. 

nuclear hydrogenation of, with col- 
loidal platinum (Skita), i, 140* 
Heterositostanone, and its derivatives 
(Windaus and Brunken), i, 394. 

Ei ivea, constituents of latex of (Spoon), 
i, 621 ; (Gorteb), i, 622. 

Eevea brasiliensis , hydrogen-ion concen- 
tration in latex of (Bobiliov), i, 622. 
quebraehitol in latex of (Contardi), 
i, 277. 

tannin from (Arisz and Schweizer), 
i, 873. 

Hexachlororuthenie acid. See under 
Kutbenium. 

Hexadecahydxodecacyelene (Dziewg#- 
ski and Suszko), i, 242. 

Hexadecane, pyrogenic dissociation of 
(Gault and Hessel), i, 109. 
Hexadecanedicarboxylic acid, ethyl 
hydrogen ester (Fairwkatber), i, 
1237. 

Hexadeceue, See Cetene. 
Hexahydrobeuzoic acid, phenyl ester 
(Blicke), i, 662. 
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Hexahydrocadalene, synthesis of (Ru- 
zicka and Capato), i, 943. 

Hexahydrodeeacyclene (Dziewokski 
and Suszko), i, 242. 

Hexahydromandelic acid, and its deriv- 
atives, methyl esters of (Freuden- 
berg and Markert), i, 1275. 
alkyl esters, rotatory dispersion of 
(Woob and Comley), ii, 264. 

Hexahydrome thylmorphimethines , and 
their derivatives (Speyer and Kou- 
len), i, 61. 

a- and £-Hexahydrotrianhydrostrophan- 
thidins (Jacobs and Collins), i, 567. 

Hexaicosihydrodecacyclene (Dziewon- 
ski and Suszko), i, 242. 

Hexametaphosphates, See under Phos- 
phorus. 

Hexamethylbenzene, formation of 
(Briner, PlUss, and Paillard), i,248, 

Hexamethyldiethyltristannane (Kraus 
and Greer), i, 1394. 

Hexamethyldipyridyl-blue iodide (Em- 
mery, Jungck, and Haffner), i, 72. 

2:2':3:3': 5:5'-Hexamethyl-4 :4'-dipyrryl- 
methane (Fischer and Nenitzescu), 
i, 835. 

Hexamethylenetetramine ( kexamethyl - 
emamine , ; urotropine) as a plant 
nutrient (E. and G, Nicolas), 
i, 623. 


as source of plant nitrogen (Bialo- 
suknia), i, 1366. 

fate of, in the body (be Eds), i, 461. 
hydroferricyanide (Cumming), i, 122. 
additive compounds of stannic iodide 
and (Scagliarini), i, 890. 

Hexamethylguanidinium salts (Lecher, 
Graf, and Gnadinger), i, 1393. 

Hexamethylrottlerin, and its derivatives 
(Duty), i, 1296. 

Hexamethyltristannane, disodium de- 
rivative (Kraus and Greer), i, 1394. 

Hexamminecobaltictriaquodisulphito- 
sulphatocohaltiate. See under Cobalt. 

Ti-Hexane, solubility of mixtures of 
liquid sulphur dioxide and (Sever 
and Gill), ii, 504. 

«/c&?Hexane, structure of, and benzene 
(IUmanathan), i, 1255. 
physical constants of (Nagornoy and 
Botinjanc), ii, 646. 

cycZoHexane series, physico-chemical 
goj^ies of derivatives of (Herz and 

^^Hexane-l-acetie acid, l:2-rf£bromo-, 
^^ser i, 916. 

HesEase-l^tcetic-2-nropionic - Mid. 

f&HEBL and Goth),. 




*4;2-diacetie 


add, l&di- 


cyc?oHexane-l:3-dicarboxylic acids, iso- 
meric, and their optically active 
components (Boeseken and Peer), 
i, 1150. 

jS-tf/cZoHexaneglutarylfluorescein (Butt 
and Thorpe), i, 141. 
j3-cycZoHexaneglutarylrhodamine (Butt 
and Thorpe), i, 142. 
os-cyc^oHexanesucoinylfluorescein (Butt 
and Thorpe), i, 141. 
os-ci/c/oHexanesnccinylrhodamine (Butt 
and Thorpe), i, 142. 
cycZoHexanesulphonio acid, salts and 
derivatives of (Koleer and Lap- 
‘ WOP.TH), i, 353. 

cyc?oHexanol, surface tension and vapour 
pressure of, and its mixtures (Weis- 
senberger and Schuster), ii, 648. 
cycZoHexanol, l-amino-2-cyano- (v. 

Augers, Bahr, and Frese), i, 312. 
l-q/cZoHexanol-2-malonic acid, ethyl 
ester lactone (Kotz and Hoffmann), 
i, 911. 

cycZoHexanone 2-phenylsemicarbazone 
(Goodwin and Bailey), i, 318. 
derivatives of (Garland and Reid), 
i, 1280. 

cycZoHexanones, cyano-, and their deriv- 
atives (v. Auwers, Bahr, and 
Frese), i, 310. 

2:6-dfbromo-, action of alkalis on 
(Cusmano), i, 818. 

cycZoHexanoxide, sodium (Cauquil), 
i, 657. 

d-Hexan-a5cf-tetrol. See Tetrahydro- 
^-glucal. 

Hexaphenyldigermane (Morgan and 
Brew), i, 1197. 

cyefoHexene, catalytic hydrogenation of 
(Zelinsri), i, 237. 

nitrates of (Haines and Adkins), 
i, 801. 

A 1 -/s^c?oHexene, 2-amino-l -cyano-, and_ 
its hydrochloride (v. Auwers, Bahr, 
and Frese), i, 312. 

cycZoHexenes, catalytic decomposition of 
(Zelinsri), i, 122. 

A 1 -c 2 /c?oHexeneacetic acid, 2-bromo-, 
ethyl ester (Baker), i, 916, 
A 1 -cyc7oHexene-l-acetic-2-malonic acid, 
and its ethyl ester (Barer), i, 916. 
A 1 -C2/cZoHexene-l:2-diaoetic acid 

. (Barer), i, 917. 

A x -(^/cZoHexene-4:5-dione, 1:2:3:3:6;6- 
ft&c$chlo?o-, and its hydrates (Eller 
and Lorenz), i, 537. ; / v 

cyo&Hexenols, preparation and deriv- 
atives of (Senderens), i, 537. ; :Q 

Ti-Hexoic acid, 3-hydroxy benzaldehyde ? 
2-mercuric eater (Wellcome Found- 
ation, Ltd., Henry, and Sharp), i 
1154, 
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Hexoic acid, c-bromo- (Marvel, Mac- 
Corquodale, Kendall, and 

Lazier), i, 234. 

*-cyano- (v, Auwers, Bahr, and 
Frese), i, 312. 

Hexonic acids, a-amino-, configuration 
of (Levene), i, 523. 

Hexophosphatases in organs and body 
fluids (Demuth), i, 1497. 

Hexoses, amino-, synthesis of, from 
galactose (Freudenberg and 

Doser), i, 366. 

a-amino-, configuration of (Levene), 
i, 523. 

Hexosephosphat e s , formation of (Netj- 
berg and Kobel), i, 476. 

Hexosephosphoric acid, esters, in 
development of bone (Martland and 
Robison), i, 201. 

?i-Hexoylglycine, ethyl ester (Karrer, 
Mitamiohi, Storm, and Widmer), 
i, 594. 

cycloKexyl cbloromethyl ether {Farren, 
Fife, Clark, and Garland), i, 
1230. 

cf/cZoHexylamine, catalytic decompo- 
sition of (Komatsu and Tanaka), 

i, 905. 

w-Hexylbenzene, 2: hydroxy- (Sharp 
& Dohme and Dohme), i, 541. 

^-cy^Hexylbenzoyl-o-benzoie acid 
(Quayle and Reid), i, 128S. 

cyc&Hexylbenzyl ether (Schorigin), L 
1404. 

cycZoHexylbutinenes (Bourguel), i, 1, 
770. 

eyeZoHexylbutinoic acid (Bourguel), i, 
770. 

75-Hexylene oxide, heat of combustion 
of (Zubov : and Swientoslawski), 

ii, 364. 

cycfoHexylheptinoie acid (Bourguel), 
i, 770. 

cycfoHexylhexinenes (Bourguel), i, 1, 
770. 

cycfoHexylhexinoic acid (Bourguel), 
1, 770. 

ci/c^oHexylhydroxylamine (Yavon and 
Berton), i, 807. 

cycfoHexyMeneazine, action of hydro- 
chloric acid on (Perkin and Plant), 
i, 842. 

cycZoHexylidenenitroanthranilic acids 
(Perktn and Sedgwick), i, 64. 

cycZcHexylidenecycfopentylideneazine 
(Perkin and Plant), i, 843. 

cyefoHexylpentinenes (Bourguel), i, 1, 
77 0 . 

cycToHexylpentinoic acid (Bourguel), 
i,770. 

7 -cyc/oHexylpropyl alcohol, and its de- 
rivatives (Waser), i, 584. 


2-?i-Hexylc^cZotelluripentane-3:5-dione 
l:l-(fichloride (Morgan and Taylor), 
i, 634. 

2 • ?i~Eexylct/c?oteUuropent&ne-3:5‘diojie 
(Morgan and Taylor), i, 634. 

Hippnric acid, effect of diet on synthesis 
of (Griffith), i, 1002. 
effect of carbohydrate metabolism on 
synthesis of (W idmark and J ensen- 
Carlen), i, 331. 

hydroxylamine salt (Oesper and 
Ballard), i, 1233. 

Hippnric diethylamide (Granacher), 
i, 594. 

Hippnryl ehloride,action of diazomethane 
on (Karrer and Widmer), i, 593. 

Histamine, effect of injection of, on 
blood (Hashimoto), i, 1005. 
influence of, on nitrogenous metabolism 
(Iwatsuru), i, 1502. 
detection of, microchemically (van 
Itallie and Steenhauer), ii, 608. 

Histidine in the animal organism 
(Stewart), i, 730. 
degradation of, to ^-aspartic acid 
(Langenbeck), i, 306. 
relation of, to creatine and purine 
metabolism (Rose and Cook), i, 
1003. 

Holmium, atomic weight of (Briggs 
and Hopkins), ii, 463. 

Homatropine iYoxide, and its deriv- 
atives (Polonovski and Polonovski), 
i, 829. 

Homoaspartimide (Stosius and Phil- 
ippi), i, 892. 

Homobenzoisothiopyran, and its deriv- 
atives (y. Braun, Bayer, and 
Kaiser), i, 1446. 

Homologous compounds, rotation dis- 
persion, density, and absorption 
spectra of (Krbthlow), ii, 1029. 
and iso-Homopilopic acids, methyl- 
amides of (Langenbeck), i, 151. 

JV r -Homopiperonyl-4:5-dimethaxyhomo- 
phthalamic acid, and its methyl ester 
(Haworth, Perkin, and Pink), i, 
1169. 

2-Homopiperonyl-6:7-dimethoxyhomo- 
phthalimide, and its dimethyl deriv- 
ative (Haworth, Perkin, and Pink), 
i, 1169. 

2-Homopiperonyl-6:7-dimethoxy-l-fso- 
qninolone, 3-chloro- (Haworth, 
Perkin, and Pink), i, 1169. 

2-Homopiperonyl-4:4rdim€thylhomO‘ 
phthalimide (Haworth, Perkin, and 
Pink), i, 1168. 

iV-HomopipeEonylhomophthalamic acid, 
and its amide and methyl ester 
(Haworth, Perkin, and Pink), i, 
1169 , 
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2-Homopiperonylhomophtkalimide (Ha- 
worth, Perkin, and Pink), i, 1168. 
S-Homopiperonyl-2-methylchromone, 
7-hydroxy-, and its derivatives 
(Baker and Robinson), i, 926. 

2- Homopiperonyl-l-isoqninolone, 

3-ehloro- (Haworth, Perkin, and 
Pink), i, 1168. 

Homopiperonylresacetophenone { Baker 
and Kobinson), i, 925. 
as-Homotetrahydro^oqtninoliiie metho- 
bromide (v. Braun and Kaiser), 
i, 1414. 

Homoveratroylhomopiperonylamine, 

6- bromo- (Haworth and Perkin), 
i, 970. 

3- Homoveratryl-2-methylehromone, 

7- hydroxy-, and its acetyl derivative 
(Baker and Kobinson), i, 926. 

Homoveratrylresacetophenone (Baker 
and Robinson), i, 926. 

Hops, bitter principles of (Wollmer), 
i, 690. 

preservative principles of (Walker), 
i, 1479. 

resin acids of (Wieland, Schneider, 
and Martz), i, 276 ; (Wieland, 
Martz, and Hoek), i, 1422. 
determination of humulone in 
(Klein), Ii, 248. 

Hormones, action of (Gottschalk ; 

Zondek and Ucko), i, 1513. 

Horn, solubility of, in alkali sulphides 
(Puleyka), i, 1341. 

Horse, vitamins in flesh of (Scheunert 
and Hermersdorfer), i, 617. 

Humic acids (Eller, Helmrich, 
Klemm, Haubold, and Schop- 
pach), i, 521. 

constitution of (Burian ; Eller), i, 
372; (Marcussgn), i, 793. 
formation of, from cellulose, lignin, 
and wood (Wehmer), i, 521. 
Humins, properties and reactions of 
(Eller, Helhrich, Klemm, Hau- 
bold, and Schoppach), i, 521. 
Humniic acid, constitution of (Wieland, 
Martz, and Hoek), i, 1422. 
tsoHumulic acid, and its derivatives 
(Wieland, Schneider, and Martz). 
i, 276. 

Humulon, structure of (Wieland, 
Schneider, and Martz), i, 276; 
(Wieland, Martz, and Hoek), i, 
1422. 

HmmaloqR|aoae,semicarbazone of (Wie- 
lanb, Schneider, and Martz), i, 

aks»n), i, 1528. 
surfaoetenslon 
; ‘ , ' and STEINER), ii, 

y ; / ■ , : ■ 


Hydantoic acid, cyano- (Fromm, Bar- 
rens cheen, Frieder, Pirk, and 
Kapeller}, i, 596. 

Hydantoins (Coghill and Johnson), 
i, 582 ; (Coghill, Johnson, and 
Renfrew ; Davidson), i, 583 ; 
(Davidson and Johnson), i, 584 ; 
(Davidson), i, 975. 
substituted, preparation of (Thomp- 
son, Bedell, and Buffett), i, 699. 

Hydantoin-S- acetic acid, and 2-thio- 
( Johnson and Renfrew), i, 583. 

Hydantoin-[A5:2'].tj/-mdoxyl (Hill and 
Henze), i, 306. 

Hydantoin-[A5:3']-oxindole (Hill and 
Henze), i, 305. 

Hydnora americana. See JProsopanche 
Burmristeri. 

Eydmiujea panwulata, composition of 
(Komatsu and Ueda), i, 762. 

Hydrargyrum salicylicum, constitution 
of (Boedecker and Wunstorf), i, 
1107. 

Hydrastine, excretion of, in urine (Bayle 
and Fabre), i, 609. 

Hydratoisoeyanilic acid (Wieland), i, 
1049. 

r-Hydratropic acid, £-chloro-, resolution 
of (McKenzie and Strathern), i, 401, 

Hydrazidoanthraquinones, acyl deriv- 
atives of (Battegay and Amuat), i, 
169. 

Hydrazine, oxidation of, and its sul- 
phonic acids (Kaschig), ii, 224. 
action of, on cyanotetrazole (Oliveri- 
Mandala), i, 78. 

action of, on dimethylpyrone (K ij- 
ner), i, 1105. 

sulphate, use of, in iodometry 
(Cattelain), ii, 1197. 
and its salts, electrometric determin- 
ation of (Gilbert), ii, 239. 

Hydrazines, action of ketens on (van 
Alphen), i, 80. 

action of, on semicarbazones (Suther- 
land and Wilson), i, 42. 
aromatic halogenated (Votocek and 
Jntfl), i, 317. 

a-Hydrazino-j8-aminoethane, and its 
salts {Sommer, Schulz, and Nassau), 
ii, 990. 

2-Hydrazinoanthraquinone, 3 -hydroxy - 
(Tanaka), i, 1106. 

4-Hydrazinobenzoie acid, 3:5-dznitro-, 
ethyl ester (Lindbmann and Wes- 
8EL), i, 1099. 

2-Hydra2ino-9:lQ-dihydroanthracene . 
hydrochloride(ScHROETER,GLUSCHKE 
van Hulle, and GOtzky), i, 128. 

2-Hydrazino-5*keto-2:3:4:5-tetrahydro- 
l:3;4-thiodiazine (Guha and De), i, 
600. 
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Hydrazobenzene hydroferricyanide 

(Cummi ng), i, 122. 

tf-Hydrazobenzyl-o-toluidine (Elbs and 
Gaumer), i, 168. 

Hydrazones, isomeric (Busch, Frieden- 
berger, and Tischbein), i, 40. 
coloured sulphuric acid solutions of 
(Chattaway, Ireland, and 
Walker), i, 1194. 

0- Hydrazotoluene hydroferricyanide 
(Camming), i, 122. 

Hydrides, non-metallic, structure of 
(Grimm), ii, 1123. 

volatile ( Paxeth and Rabinovitsch) , 
ii, 760. 

“ Hydrindine,” identity of hydroxy - 
dihydroisoindigotin and (Sander), 
i, 977. 

1- Hydrindone, influence of substituents 
on formation of derivatives of, from 
fl-phenylpropionic acids (Speight, 
Stevenson, and Thorpe), i, 32. 

1-Hydrindones, 2-oximino-, action of 
phosphorus pentachloride on (Ha- 
worth and Pixk), i, 929. 

Hydrobenzoins, stereoisomeric, adsorp- 
tion of, by charcoal (Hermans), 
ii, 31. 

dibenzoates of (Meerwein and 
Schmidt), i, 1240. 

Hydrobromic acid. See under Bromine. 

Hydrocarbon, C 10 H 1# , from tert. -amino- 
zsobomylane and nitrous acid 
(Nametkix, Abakumowski, and 
Seliyaxov), i, 48. 

CioH 10 , from lupanine (Thoms and 
Bergebhoff), i, 575. 

CioH 18j from hydrogenation of C l0 H 16 
from tert, -aminoisobornylane (Na- 
metkix, Abakumowski, and Seli- 
vaxov), i, 48. 

C U H 1S , from 5-methylphenylene-l:3- 
diacetonitrile (v. Braun and 
Engel), i, 382. 

C 15 H 28 , from reduction of humulic 
acid (Wieland, Schneider, and 
Marts), i, 276. 

C 1S H ?1 , from abieticacid (Yesterberg 
and Borge), i, 252. 

C 20 H 82 , from the action of metallic 
chlorides on pinene hydrochloride 
(Komatsu and Fujio), i, 564. 

Hydrocarbons, preparation of (Gilman 
and Bbabrr), i, 802. 

X-ray investigation of (Muller and 
Saville), ii, 367. 

action of bromine on (Mereshkov- 
ski), i, 1033. 

action of nitrogen peroxide on 
(SOHAARSOHMIDT,) ii, 227. 
action of radium emanation on (Mund 
and Koch), i, 625. 


Hydrocarbons, halogen derivatives, 
ultra-red absorption spectra of 
(Bonino), ii, 838. 

acetylenic, preparation of(BouRGUEL), 
i, 1, 770. 

disubstituted, reaction of Grignard 
reagents with (Gilman and 
Shumaker), i, 493. 

aromatic, Tesla-luminescence spectra 
of (McVicker, Marsh, and 
Stewart), ii, 12. 

photochemical oxidation of (Sud- 
borough, Watson, and Nara- 
yanan), i, 1136. 

condensation of, -with nitrosyl 
chlorine (Schaarschmidt and 
Raeck), i, 380. 

polynuclear, spectrochemistry and 
structure of (v. Auwers and 
Kraul), i, 900. 

benzenoid, optical constants of 
(Eisenlohr and Schulz), i, 17. 

cyclic unsaturated, catalytic trans- 
formation of (Zelinski), i, 122, 
146, 821. 

ethylenic, action of iodine in chloro- 
form on (Boeseken and Blum- 
berger), i, 225. 

combination of hydrogen sulphites 
with (Kolker and Lapworth), 
i, 353. 

higher, synthesis of, from lower 
hydrocarbons (Lind and Bard- 
well), i, 493. 

olefine, action of nitrogen tetroxide 
on (Schaarschmidt and Hof- 
MEIER)i i, 877. 

paraffin, boiling point chart for 
(Bahlke and Wilson), ii, 
73. 

cracking of (Williams-Gardner), 
i, 1229. 

polynuclear, Tesla-luminescence spectra 
of (McYicker, Marsh, and Stew- 
art), ii, 630. 

quaternary, preparation of (Trotman), 

i, 382. 

unsaturated, photochemical combin- 
ation of bromine with (Plotnikov), 

ii, 985. 

Hydrocarbons, ehloro-, toxic action of 

(Dougal), i, 334. 

Hydrocellnlose (Hess), i, 519. 

nitrates (Atsuki), 1, 120. 

Hydrochloric acid. See under Chlorine. 

Hydrocinnamic acid, electrolytic prepar- 
ation of (Norris and Cummings), 
i, 668. 

hydroxylamine salt (Oesper and 
Ballard), i, 1233. 

Hydrocupreidine hydrochloride (Giemsa 

and Bonath), i, 291. 
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Hydrocupreidinesulphonic acid, and its 
sulphate (Giemsa and Bonath), i, 
291, 

Hydrocupreine, salts of (Giemsa and 
Bonath), i, 291. 

Hydrocupreinesulphonic acid, and its 
salts (Giemsa and Bonath), i, 291, 
Hydrocyanic acid. See under Cyanogen. 
Hydroferricyanic acid, preparation of, 
and its alkaloidal salts (Cummins 
and Brown), i, 572. 
salts of, with organic bases (Gumming), 

l, 122. 

Hydroferricyanocarboxylic acid, salts 
of (Pascal), i, 984. 

Hydroferrocyanic acid, alkaloidal salts 
of (Cumming and Brown), i, 572. 
copper salt, permeability of mem- 
branes of, to acids (Collander), 
ii, 201. 

coagulation of sols of (Sen), ii, 
664; (Sen and Mehrotra), ii, 
665. 

double salts of, with hydrazine and 
metals (RAy and Gupta), i, 377. 
potassium salt, preparation of (Domi* 
nik), i, 526. 

sensitiveness of, to light (Baub), ii, 
884. 


use of, in analysis (Luff), ii, 826. 
salts of, with organic bases (Cumming), 

i, 122. 

Hydroferrocyanocarboxylic acid, salts 
of (Pascal), i, 984. 

Hydrofluoric acid. See under Fluorine. 
Hydrogen, atomic weight of (Moles), 

ii, 346. 

atoms, structure of (Eeichenbacher), 
ii, 734. 

electron orbits in (Eeichenbacher), 
ii, 624. 

molecules, ionised, structure of 
(Urey), ii, 1105. 

pare, preparation of (Bayerle and 
Tamele), ii, 233. 


refractive index and election velocity 
of (Schuler and "Wolf), ii, 1118. 
spectrum of (Dieke), ii, 450 ; 
(Gebrcke and Lau), ii, 609; 
(Schuler and Wolf), ii, 829 ; 
(van Cittert), ii, 909. 

Bahner lines in (Hanot), ii, 170; 
(Janicki), ii, 449 ; (Hansen), 
ii, 1097 : {Ham ; Gehrcke), ii, 
1098 ; (Jolowicz), ii, 1097. 
Fnleher lines in spectrum of (Curtis), 

: % m ; (Busy), ii, 1113. 

* excitation of (Blackett and 

; of (EoYDs),ii, 


Hydrogen, continuous spectrum of 
(Carst), ii, 333 ; (Lau), ii, 721. 

infra-red emission spectrum of 
(Pfund), ii, 11. 

secondary spectrum of (Richardson 
and Tanaka), ii, 11, 469 ; (Duf- 
fendack), ii, 333 ; (Nicholson), 
ii, 468, 721 ; (McLennan aud 
Shrum), ii, 468 ; (Dieke), ii, 625 ; 
(Richardson), ii, 909, 1013 ; 

(Tanaka ; Sandeman), ii, 909. 

dry, effect of ultra-violet light on 
(Baker and Carlton), ii, 1180. 

particles, photographic action of 
(Blau), ii, 1111. 

passage of canal rays through (Demp- 
ster), ii, 1020. 

Doppler effect in canal rays of 
(Krefft), ii, 78. 

Paschen-Back effect in (Falken- 
hagen), ii, 79. 

stopping power of, for a-particles 
(Fowler), ii, 834. 

magnetic susceptibility of (Glaser), 
ii, 82, 642. 

active (Bonhoeffer), ii, 52 ; (Pan- 
eth), ii, 57 ; (Copaux, Perperot, 
and Hocart), ii, 587 ; (Collins), 
ii, 842 ; (Bach), ii, 885. , 
formation of, in the creepage corona 
discharge (Anderegg and 
Herr), ii, 1180. 
by excited mercury atoms, and 
its reactions (Mitchell), ii, 
1077; (Taylor, and Mar- 
shall), ii, 1078. 

luminescence with (Bonhoeffer), 
ii, 839. 

electronegative (van Arkel and de 
Boer), ii, 734, 

electrical properties of (McCallum 
and Focken), ii, 641. 

ionisation of (Smyth), ii,459 ; (Lunt), 
ii, 616. 

by electron impact (Hogness and 
Lunn), ii, 839. 

potentials for discharge of electrons in 
(Richardson and Tanaka), ii, 13. 

overvoltage of (Harkins and Adams), 
ii, 301. 

influence of colloids on cathodic over- 
voltage of (Marie and Lejeune), 
ii, 115. 

chemical constants of (Schreiner), 
ii, 978. 

specific heat of (Partington and 
Howe), ii, 1041. 

speciflo heats of air and (Brink- 
worth), ii, 372. 

specific heat of molecules of (Predvo- 
DITBLKv), ii, 1041 5 (VAN VlECK), 
ii, 1138. 
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Hydrogen, isotherms of (Holborn and 
Otto), ii, 851. 

heat of adsorption of, on nickel 
(Foresti), ii, 692. 

heat of oxidation of, by manganese 
dioxide (Frazer and Greider), 
ii, 1064. 

mass of particles of (Stetter), ii, 

^ 1021. 

liquid and solid, dielectric constants 
of (Wolfke and Onnes), ii, 630 ; 
(Breit and Onnes), ii, 631. 
liquefier for, and cryostat (Latimer, 
Buffington, and Hoenshel), ii, 
818. 

viscosity of (Gunther), ii, 100. 
diffusion of, into air (Barits), ii, 27. 
solubility of, in liquid ammonia (Lar- 
son and Black), ii, 852. 
adsorption of, by cerium and its alloys 
(Sieverts and Roell), ii, 854. 
by electrolytic chromium (Huttig 
and Brodkorb), ii, 702. 
by palladium (Lambert and Gates), 
ii, 785. 

by palladium-silver alloys (Kruger 
and Sacklovsky), ii, 1125. 
adsorbed in silica gels, reduction by 
(Latshaw and Reverson), ii, 412. 
equilibrium of carbon dioxide and, 
with carbon monoxide and water 
vapour (Partington and Shil- 
ling), ii, 395. 

explosion of mixtures of air and 
(Bone, Newitt, and Tqwnend), 
ii, 800, 

influence of trichloroethylene on in- 
flammability of mixtures of air and 
(Jorissen and Ongkiehong), ii, 
875. 

photochemical combination of bromine 
and (Bobenstein and Lutke- 
meyer), ii, 218. 

interaction of carbon dioxide* and, in 
the electric discharge (Lent), ii, 579. 
action of carbon dioxide with, on plat- 
inum (Prichard and Hinshel- 
woob), ii, 564. 

action of carbon dioxide with, on . the 
surface of tungsten (Hinshelwood 
and Prichard), ii, 983. 
photochemical reaction of carbonyl 
chloride with (Bredig and v. Gold- 
berger), ii, 142. 

photochemical reaction between chlor- 
ine and (Marshall), ii, 883 ; 
(Kornfeld and Muller), ii, 
984 ; (Norrish), ii, 1080, 1179. 
in presence of oxygen (Norrish 
and Rideal), ii, 572. 
effect of water vapour (Coehn and 
Jung), ii, 142. 


Hydrogen, catalytic combination of 
ethylene and, in presence of copper 
(Pease and Stewart), ii, 691. 
reaction of nitrogen with, in presence 
of mercury vapour (Noyes), ii, 
573. 

catalysis of the formation of water 
from oxygen and (Hofmann and 
Dolde), ii, 139. 

combination of oxygen and, in pres- 
ence of silver and gold (Chapman, 
Ramsbqttqm, and Trotman), ii, 
310. 

effect of water and of carbon dioxide 
on the catalytic oxidation of (Lamb 
and Vail), ii, 567. 

oxidation of, by potassium perman- 

J ^nate (Wilke and Kuhn), ii, 51. 
uction of metallic halides by 
(de Garli), ii, 51. 

Hydrogen chloride. See Hydrochloric 
acid under Chlorine, 
cyanide. See Hydrocyanic acid under 
Cyanogen. 

halides. See Halogen hydrides, 
iodide. See Hydriodie acid under 
Iodine. 

jperoxide, formation of, by bacteria 
(McLeod and Gordon^, i, 1362. 
vapour pressure of (Maass and 
Hiebert), ii, 188. 
partition of, between water and ethyl 
ether (de Kolosovski), ii, 506. 
in the oxy-hydrogen flame (Riesen- 
feld), ii, 148. 

decomposition of (Davey), ii, 1181. 
by catalase (Northrop), i, 469. 
by cobaltie hydroxide (Tryhobn 
and Jessop), ii, 807. 
in presence of nickel hydroxide 
(Veil), ii, 412, 

catalytic decomposition of (Quar- 
taroli; Spitalsky and 
Pbtin), ii, 53. 

by animal charcoal (Firth and 
Watson), ii, 310, 
by “ Norit ” charcoals (Firth and 
Watson), ii, 880. 
in chlorine-chloride solutions 
(Livingston and Bray), ii, 
981. 

promotion of copper salts in the 
decomposition of, by ferric salts 
(Robertson), ii, 690. 
mode of reaction of (Wieland, 
Haussmann, and Lovenskiold), 
ii, 1173. 

oxidising action of (Hatcher and 
Holden ; Ernst and Forster), 
ii, 684. 

destruction of organic matter by 
(Magnin), ii, 594. 
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Hydrogen .peroxide, action of, on bacteria 
(Burnet), i, 1117 ; (Petro- 
vanu), i, 1362. 

titration of, with potassium per- 
manganate in presence of ammon- 
ium sulphate (Tananaev), ii, 
440. 

determination of (Rupp and 
Siebler), ii, 432. 

phosphide. See Phosphorus An- 
hydride. 

sulphide in minerals (Nenadkevi- 
tsch; Yernadski), ii, 997- 
formation of, by bacteria (Mulsow 
and Paine), i, 1510. 
electrolytic preparation of (Fischer), 
ii, 807. 

generation of (Henwood, Caret, 
Goldberg, and Field), ii, 705. 
pure liquid, preparation of, and re- 
actions therein (Quam), ii, 582. 
liquid, as a source of supply of the 
gas (Moore), ii, 1195. 
conductivities in (Quam and 
Wilkinson), ii, 542. 
condensation of acetylene and, in 
presence of catalysts (Tqmkin- 
son), i, 58. 

action of iodine on (Parsons), ii, 
880. 

action of, on mercuric salts 
(PElabon), ii, 986. 
toxicity of (Haggard), i, 1357. 
persulphide (y. Dienes), ii, 228. 

Hydrogen determination : — 
determination of, in organic com- 
pounds (Heslinga), ii, 65 ; 
(Lindner), ii, 901. 

Hydrogen electrodes. See Electrodes. 

Hydrogen ions, adsorption of, by char- 
coal (Kroetz), ii, 191. 
mobility of .(Davies), ii, 871, 
in air (Erikson), ii, 1107. 
velocity of, in gels (Isgarischev and 
Pomeranzeva), ii, 300. 
concentration of, in culture fluids 
(Christensen and Fulmer), i, 
1216. * 
in soils (Arrhenius), i, 1525 ; 
(Pierre; Niklas and Hock), 
i, 1526. 

in blood (Bigwood), i, 1342. 
of normal and cancer subjects 
(Corran and Lewis), i, 188. 
in tissues aud cells (Sohmidtmann), 
i, 99. 

determination of concentration of 
(Mislowitbbr), i, 1483 ; (TRii- 

(Richard), ii, 596. ■ 
#fe«^i»etrieaily (Glasstone), ii, 


Hydrogen ions, determination of concen- 
tration of, with the quinhydrone 
electrode (Schaefer and 
Schmidt), i, 611 ; (Kolthoff), 
ii, 671 ; (O’Sullivan), ii, 822. 
from potentials of hydrogen and 
quinhydrone electrodes (Kolt- 
hoff), ii, 794. 

spectrophotometrically (Yl$js), ii, 
595 ; (Holmes and Snyder), ii, 
999. 

in blood (Hollo and Weiss), i, 
709. 

in soils (Atkins ; Barnette, 
Hissink, and van der Spek), 
i, 220; (TrEnel), i, 874; 
(Crowther), i, 875; (Niklas 
and Hock), ii, 325. 
in distilled water (Dawson), ii, 
680. 

electrodes for (Cullen and Biil- 
mann; Bodjne and Fink), i, 
1201 ; (Parker), ii, 899. 
continuous reading meter for 
(Goode), ii, 1196. 

Hydrogenase, action of, in the cell 
(Gruss), i, 738. ^ 

Hydrogenation, kinetics of (Lush), ii, 
411. 

Hydrolysis, electrometric study of (Job), 
ii, 117. 

Hydroxides, amphoteric (Jander and 
Brandt), ii, 988. 

Hydroxy-acids, C 1]L H 10 O 8 , from atro- 
mentin (Kogl and Postowsky), i, 51. 

a- and £-Hydroxy-acids, configurational 
relationship between (Levene and 
Haller), i, 1375. 

Hydroxy-aldehydes (Helferich and 
Schafer), i, 7 ; (Helferich and 
Fries), i, 1039. 

Hydroxy-compounds, aromatic, action of 
sulphites on (Bucherer and Stickel), 
i, 1388. 

a-Hydroxy-ketones, synthesis of 
(Schmidt and Ascherl), i, 364. 

Hydroxyl groups, valency of (Reihlen, 
Sapper, and Kall), i, 912. 
co-ordination valency of (Fernandes), 
i, 912. 

mobility of, and tautomerism 
(Farrow and Ingold), i, 155. 1 

determination of, microehemically 
(Flaschentrager), ii, 999. 

Hydroxyl ions, adsorption of, by char- 
coal (Kroetz), ii, 191. 

Hydroxyiamine, preparation of. (Hurd 
and Brownstein), ii, 587. 
oxidation of (Raschig ; Kurte- 
nacker and Wengefeld), ii, ,224. 
catalytic decomposition of (Kurte- 
n acker and Wengefeld) j ii, 308. 
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Hydroxylamine, action of sulphurons 
acid and sulphites on (Raschig), ii, 
226. 

salts of, with organic acid (Oesper 
and Ballard), i, 1283. 
alkyl derivatives of (Neuffer and 
Hoffman), i, 891. 

benzenesulphinate (Whalen and 
Jones), i, 802. 

sulphonic acids of (Raschig), ii, 225, 
226. 

/3- Hydroxyl amines, formation of (Du- 
rand and Naves), i, 535. 

Hydroxylaminefsosulphonic acid (Som- 
mer, Schulz, and Nassau), ii, 989. 

3-Hydroxylaminopyridine. See £-3- 
PyridylhyUroxylamine. 

Hydroxylaminotetraphenylmethane, and 
nitroso- (Goldschmidt and Ohrist- 
mann), i, 649. 

Hydroxymethyleneacetophenone. See 
Phenyl 0-hydroxy vinyl ketone. 

Hydroxynitrilese, purification and pro- 
perties of (Nordefeldt), i, 1506. 

Hygrine alkaloids (Hess and Bappert), 
i, 424. 

J-Hygrinic acid (Karrer and Widmer), 
i, 1084. 

Hyocholanie acid, 4-chloro- and 4- 
hydroxy-, derivatives of (Windaus 
and Hossfeld), i, 1066. 

Hyodeoxybilianic acid, derivatives of 
(Windaus and Bohne), i, 553. 

Hyoscyamine i'T-oxide, and its deriv- 
atives (Polonovski and Polonoyski), 
i, 829. 

Hyperglycsemia, production of, by- 
glycerol (Voegtlin, Thompson, and 
Dunn), i, 1211. 

Hypericum perforatum , constituents of 
(Zellnrr), i, 764. 

Hypobromites. See under Bromine. 

Hypocerebric acid (Frankel and Karp- 
fen), i, 720. 

A^-Hypogseic anhydride (Gabel), i, 
504. 

Hypoglycemia (Fischler and Otten- 
sooser), i, 715. 

Hypoiodites. See under Iodine. 

Hyponitritoferropentacyanic acid, 
sodium salt (Ungarelli), i, 526, 

Hyssopin. See Diosmin. 

Hystazarindiqninone (Tan aha), i, 
1077. 


Ice, infra-red absorption spectrum of 
(Plyler), ii, 87. 

specific heat and latent heat of 
fusion of (Ma ass and W aldbauer) , 
ii, 492. 


Ice, velocity of crystallisation of, 
through gelatin gels (Callow), ii, 
777. 

Ignition of gases (Wheeler), ii, 408. 
by electric sparks (Morgan), ii, 
553. 

infiuenceof non-inflammable vapours 
on (Jorissen and van dee Talk), 
ii, 874 ; (JoRrssEN and Ongkie- 
hong), ii, 875. 

Imbibition, application of Rontgen ray 
methods to (Katz), ii, 771. 

Iminazole. See Glyoxaline. 

Iminazoles, complex, colour of (Chak- 
ravarti aud Gupta), i, 980. 

4-Iminazole-2(l / )-naphthyl-8 / -carb- 
oxylic acid (Chakra varti), i, 162. 

Imines, halochromism of, and their 
compounds (Pfeiffer, Rheinboldt, 
aud Wolf), i, 411. 

2:5-Imino*l:2:3-triazole (Carnelley 
and Dutt), i, 165. 

Immunisation by injection of invertase 
(Bach, Engelhardt, and Samys- 
sloy), i, 1506. 

Inchi grass. See Cymbopogon ceesius . 

Indaeene, cfo'hydroxy-, diacetyl deriv- 
ative (Jonescu), i, 1154. 

Indandione. See Diketohydrindene. 

Indandionyldi-indonylmethane (Ra- 
dulescu and Georgescu), i, 1287. 

Indane, a- halides of (Courtot and 
Dondelinger), i, 654. 

cwf-li2-Indanediol, potassium borate of 
(Hermans), i, 501. 

Indanylamines, optical constants of 
(Courtot and Dondelinger), ii, 
274. 

Indazole o-toluenesulphonate (v. Au- 
wers), i, 1461. 

Indazole, 3-bromo-, nitiobenzoyl deriv- 
ative, 5:7-cZz- and 3;5:7^n-bromo* 
(v. Auwers and Lohr), i, 74. 

Indazoles (v. Auwers and Lohr), i, 
73 ; (y. Auwers and Frese), i, 
1101 . 

Indazolium salts, quaternary, thermal 
decomposition of (v. Auwers and 
Pfuhl), i, 1100. 

Indene, polymerides of (Stobbe and 
Farber), i, 19. 

polymerisation and oxidation of the 
vapour of (Brown), i, 1258. 
hisnitrosochloride (Straus and Er- 
hard), i, 1139. 

oxide, chloro- (Goldschmidt and 
Sceussler), i, 498. 

Indican, detection and determination 
of, in urine (Gore), i, 186. 

Indicators, influence of alcohol, salts, 
and temperature on (Richter), ii, 
237. 
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Indicators, determination of dissociation 
constants of (Holmes and Snyder), 
ii, 999. 

hydrogen-ion concentration and dis- 
sociation constants of (Holmes and 
Snyder), ii, 325. 

for use with weak acids and bases 
(Chabot), ii, 899. 

for determination of hydrogen ions in 
soils (Niklas and Hock), i, 348. 
salt errors of (Kolthoff), ii, 596. 

Indigo colouring matters (Finger and 
Kraft), i, 73 ; (Reindel and 
Rauch), i, 438 ; (Sander), i, 982. 
with a hydrogenated six-membered 
ring (Arndt and Pusch), i, 1312. 
of the naphthalene series (Fried- 
lander), i, 956. 

Indigotin, action of chromic acid on 
(Eymer), i, 1174. 

metallic derivatives of (Kunz and 
Stuhlinger), i, 1318. 

Indigotin, 4:4'-dfchloro-5:7:5 / ;7 / -^?*a- 
todo-, and 5:6:7:5':G':7'-ftea:aiodo- 
(Kalb and Vogel), i, 161. 
5:7:5':7'-feteiodo- (Kalb and Ber- 
ber), i, 160. 

7:7' -isoindigo tindisnlphonic acid, and 
its salts (Wahl and Faivret), i, 588. 

“ InjUne,” identity of isoindigotin and 
(Sander), i, 977. 

Indium, spark spectrum of (Weinberg), 
ii, 249 ; (Rao), ii, 610 ; (Carroll), 
ii, 1101. 

analysis of (Heyrovsky), ii, 717. 

Indole, synthesis of (Nenitzescu), i, 
973. 


hydrogenation of (Willstatter, 
Seitz, and v. Braun), i, 428. 
derivatives, substituted (Seka), i, 67. 
detection of (Koser and Galt), i, 
1510. 

determination of, in bacterial cultures 
(Fellers and Clough), i, 1015. 

Indole, 3-cyano- (Gavrilov), i, 578. 
6-cyano- (Kermack), i, 68. 

Indoles, catalytic synthesis of (Kor- 
czynskx and Kierzek), i, 973, 
1097. 


mechanism of Fischer’s synthesis of 
(Bodforss), i, 698. 
catalytic hydrogenation of (v. Braun 
and Bayer), i, 428. 
substituted, preparation of (Verley 
and BeduwR), i, 578* 
In^^-oolouring matters (K6nig), i, 

in the (Eer- 
:&&& and Kotake ; 

%l um. 

mmitit ; {Ma- 

"■ 



Indole-2 - carboxydimethylac et alyl- 
amide, 6-cyano- (Kermack), i, 68. 

Indole-2-carboxylic acid, 6-cyano-, and 
its ethyl ester (Kermack), i, 67. 

Indole-6-carboxylic acid (Kerma^), i, 

68 . 

Indole-2:6-dicarboxylic acid, and its 
ethyl ester (Kermack), i, 67. 

woIndole-2-oxide, l(or 3)-hydroxy- 
(Griffiths and Ingold), i, 1191. 

is 3-Indole-2-thionaphthenindigo,” 5':7'- 
<ftiodo- (Kalb and Berber), i, 160. 

Indolyl-3-acetic acid, and its picrate 
and derivatives (Majima and Hosh- 
ino), i, 1451. 

3-^-Indolylpropionic acid, and its picrate 
(Majima and Hoshino), i, 1451. 

3-^3- Indolylpropio nitrile, and its picrate 
(Majima and Hoshino), i, 1451. 

Indone, ^rchloro-, additive compounds 
of acenaphthene, durene, fluorene, 
scatole, and a- and £-naphthols 
(Pfeiffer, Goebel, and Angern), 
i, 271. 

Indones (de Fazi), i, 263, 269. 

Indophenols, preparation of (Cassella 
& Co.), i, 397. 

oxidation-reduction potentials of (Co- 
hen, Gibbs, and Clark), i, 25. 

Indophenol- a-naphthol-2-sulphonic acid, 
sodium salt, dissociation constant of 
(Holmes and Snyder), ii, 999. 

Indorhodin (Konig), i, 1184. 

^ -Indoxylspiro«/c?opentane, alkali de- 
rivatives of (Sidgwick and Plant), 
i, 298. 

Induline-6B, synthesis of (Kehrmann 
and St ano yfe yitch ), i, 1334. 

Infusoria, effect of dyes on the multi- 
plication of (Robertson), i, 1012. 
effect of oxycholesterol and cholesterol 
on growth of (Robertson), i, 1119. 

Inosic acid, brucine salt (Peiser), i, 
1477. 

Inositol (Needham), i, 192. 

Insects, metabolism and development of 
(Fink), i, 726. 
blood of. See Blood. 

Insecticides, fatty acids as (Siegler 
and Popenoe), i, 489. 

Insulators, liquid, breakdown of (Gye- 
mant), ii, 1028. 

Insulin (Cheadle), i, 106 ; (Collazo, 
Handel, and Rubino), i, 343 ; 
(Renshaw), i, 617; (Abel and 
Geiling), i, 1218 ; (Abel, Geiling, 
Alles, and Raymond), i, 1512. 
from fish (MoCormiok and Noble ; 

McCormick), i, 754. 
preparation of (Scott and Best), i, 

■ 617. 

testing preparations of (HAri), i, 61 7. 
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Insulin, mechanism of the action of (Bis- 
singer, Lessee, and Zipf), i, 209 ; 
(Isaac and Adler ; Kuhn, Bale, 
and Heckscher), i, 343 ; (Batjr 
and Kuhn), i, 482 ; (Mansfeld 

♦ and Geiger), i, 1016. 

co-zymase function of (VirtAnen), 
i, 763. 

distribution of, in normal and de- 
panereafcised dogs (Nothmann), i, 
1219. ^ 

antagonism of adrenaline and (Gotts- 
chalk ; Zondek and Ucko), i, 
1513- 

action of pepsin on (Epstein), i, 1513. 

effect of phosphates on action of 
(Desgrez, Bierry, and Rathery), 
i, 1016. 

and secretin (Penau and Simonnet), 
i, 482. 

action of trypsin on (Scott), i, 
870. 

physiological action of (Serono, Tro- 
cello, and Cruto), i, 208. 

effect of, on the composition of blood 
(Mazzocco and Morera ; Sa- 
vino), i, 482. 

on lactic acid in blood (Collazo 
and Lewicki), i, 870. 
on sugar in blood (Hausler and 
Loewi), i, 753. 

on lactic acid in blood and tissues 
(Cori), i, 753 ; (Best and Rid- 
out), i, 754. 

on intermediate carbohydrate meta- 
bolism (Brugsch and Horsters), 
i, 208. 

on cholesterol metabolism (Nit- 
zebcu and Cadariu), i, 1364. 
muscle tissue and, on dextrose 
(Lunbsgaard and Holb#ll), 
i, 208. 

in diabetes (Lawn and Wolf), 
i, 483. 

on liver glycogen (Cori), i, 753. 
on glycolysis (Nitzescu and Cad- 
ariu), i, 1352. 

on hydrogen-ion concentration in 
(Gigon), i, 1219, 

on lactic fermentation (Noyes and 

Estill), i, 107. 

on lactic acid metabolism (Collazo 
and Supniewski), 1, 342. 
on oxidation in muscle (Ahlgren ; 

Nitzesou and Cosma), i, 482. 
on functions of oxygenated yeast 
(Furth), i, 107. 

reactions of (Stix), i, 1218 ; (Bene- 
dict ; Sadie, Macleod, and 
Noble), i, 1512. 

ninhydrin reaction with (Abder- 
harden), i, 753. 


Insulin, detection of enzymes in (Glaser 
and Wittnbr), i, 209. 
biochemical determination of (Wyss), 
i, 1220. 

Interferometric studies (Beltz and 
Kaufmann), i, 1200. 

Interferometry, light filter for (Fergu- 
son), ii, 839. 

Intestines, reduction in (Bergeim), i, 99. 
action of atropine and of organic acids 
on (Jendrassik and Tangl), 
i, 1502. ^ 

of lamellibranchs and gastropods, 
hydrogen-ion concentration in 
(Yonge), i, 1489. 

analyses of gases in cysts of (Pas- 
chal Yila), i, 329. 

Intoxication (Davidson), i, 1503. 

Inulin, determination of molecular 
weight of, in liquid ammonia (Schmid 
and Becker), i, 1386. 

Invertase (Willstatter, Kraut, and 
Wenzel; Willstatter and 
Schneider), i, 739; (Willstat- 
ter, Schneider, and Bamann), 
i, 1359. 

constitution of (v. Ruler and Joseph - 
son), i, 1008. 

absorption of the specific radiation of 
(Barendrecht), i, 203. 
in leaves (Blagoveschenski and 
Sossiedov), i, 1007. 
hydrolysis of sucrose by, in presence 
of a- methylglucoside (Nelson and 
Freeman), i, 739. 

action of, on y-methylfruetoside 
(Schlubach and Bauohalles), 
i, 1243. 

increased content of, in yeast {Will- 
statter, Lowry, and Schneider), 
i, 1214. 

immunisation by injection of (Bach, 
Engelhardt, and Samysslov), 

i, 1506. 

Invert-sugar, mufcarotation of (Nelson 
and Bodansky), i, 1008. 
specific rotation of (Zerran), ii, 479. 
sweetness of (Willaman, Wahlin, 
and BrESTER), i, 1499. 
determination of (de Wolff), ii, 245. 
determination of, in liquids containing 
sucrose (van DEN Hqut, Neete- 
son, and van Scherpenberg), 

ii, 74, 445 ; (Schoorl), ii, 445,828. 
determination of boric acid with 

(Gilmour), ii, 68. 

Iodates. See under Iodine. 

Iodine, in atmospheric air (v. Fellen- 
berg), ii, 316. 

occurrence of, in nature (v. Fellen- 
berg), i, 329, 347 ; (v. Fellen- 
berg and Geilinger), i, 339. 
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Iodine in rocks and earths (v. Fellen- 
berg ; v. Fellenberg, Geilinger, 
and Schweizer), ii, 321. 
in sea foods (Tressler and Wells), 

i, 183. 

evolution of, from sea water (v. 

Fellenberg), ii, 306. 
intensity of the spectrum of (Steu- 
bing), ii, 830. 

absorption spectrum of (Fuchtbauer, 
Waibel, and Holm), ii, 338. 
effect of density on the absorption 
spectrum of (Perot and Collinet), 

ii, 737. 

band and line spectra of (Cario and 
Oldenberg), ii, 470. 
line spectrum of (Fuchtbauer and 
Holm), ii, 626. 

resonance spectrum of (Turner and 
Compton), ii, 725 ; (Kratzer and 
Sudholt), ii, 839. 

ultra-violet fluorescence of (Olden- 
berg), ii, 88. 

vapour, ionisation of, by ultra-violet 
light (West and Ludlam), ii, 476. 
hydrolysis of, measured by the iodine 
electrode (Murray), ii, 555. 
liquid, viscosity of (Steacie and 
Johnson), ii, 376. 

adsorption of, by charcoal (Weissen- 
BERGERand Waldmann), ii, 655. 
by “norit” charcoals (Firth and 
Watson), ii, 880. 

by starch (Angelescu and Mir- 
cescu), ii, 1149. 

compound of starch with (Murray), 
i, 889. 

blue adsorption compounds with (Bar- 
ger and Eaton), i, 44. 
diffusion of, in pure and mixed solvents 
(Gr6h and Kelp), ii, 1049. 
vapour, diffusion of, through nitrogen 
(Mullaly and Jacques), ii, 27. 
chemical constants of (Wohl), ii, 98. 
formation of emulsions by (Holmes 
and Williams), ii, 531. 
addition of, to ethylenic compounds 
{Andr£ and Franqois), i, 356. 
catalytic action of, in elimination of 
hydrogen halides (Desai), i, 387. 
action of, on benzene (Costeanu), i, 
238. 

photochemical action of, on jp-chloro- 
toluene (Silberrad), i, 16. 
action of light on the reaction of 
ferrous salts with (Ribeal and 
Williams), ii, 416. 

: v of hydrogen sulphide on (Par- 

■: ^ ii, 880. 


Iodine, action of red phosphorus on 
carbon disulphide solutions of 
(Trailer and Germann), ii, 1087. 

effect of light on the reaction of 
potassium oxalate with (Berthoud 
and Bellenot), ii, 141. • 

action of, on pyrrole (G. E. K, and 
H. E. H. Branch), i, 66. 

oxidation of uric acid with (Furth), 
i, 1462. 

antilipolytic action of (Vollmer, 
Schmidt, and Serebrijski), i, 
335. 

keeping properties of tincture of (Col- 
lard), ii, 1168. 

absorption, distribution, and determin- 
ation of, in the thyroid gland 
(Rabinovitsch and Frith), i, 
1488; (Abelles and Popper; 
Pickworth), i, 1489. 

Hydriodic acid, and its sodium salt, 
conductivities of, in methyl and 
ethyl alcohols (Goldschmidt and 
Dahll), ii, 128. 
oxidation of (Winther), ii, 56. 
catalytic decomposition of, on the 
surface of gold (Hinshelwood 
and Prichard), ii, 981. 
reduction of halogenated malonyl 
derivatives by (West), i, 524. 

Iodides, electrolytic preparation of 
(Fischer), ii, 808. 
reactions between chlorine water 
and (Muller and Junok), iL 
584. 

oxidation of, by ferric salts and 
ferrieyanides (Wagner), ii, 49, 
reactions between Mates and 
(Muller and Junck), ii, 585. 
reduction of permanganates by 
(Miller and Hollering), ii, 
305. 

reaction between persulphates and, 
in gelatin (Bawling and Glas- 
sett), ii, 561. 

detection of traces of (Wade), ii, 
598. , 

determination of (Schulek) ii, 
712. 

determination of, mierochemically, 
with bromine and chlorine (Stre- 
binger and Pollak), ii, 823. 
determination of, volumetrically 
(Sasaki), ii, 433. 
determination of, volumetrically^ 
with iodates (Kolthofe), ii, 
1000 , 

determination of, in urine (v. BoDo), 
i, 1490. 

Iodic acid, use of, in volumetric deter- 
ruination of thiosulphate (Ruszkow- 
ski), ii, 156. 
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Iodine : — 

Iodates, presence of in surface waters 
(Hickethier and Jacobucci), ii, 
1197. 

catalysis of the reaction between 
iodine and (Eggert), ii, 52. 
reactions between iodides and 
(Muller and Junck), ii, 585. 
determination of, in the presence of 
hypoiodites, and bromates (Schu- 
lek), ii, 1197. 

Hypoiodites, determination of, in the 
presence of iodates (Schulek), ii, 
1197. 

Iodine determination : — 

determination of small quantities of 
(Lange and Ward), ii, 598. 
determination of, in natural products 
(v. Fellenberg), i, 329. 
determination of, in biological material 
(Kelly and Husband), i, 183. 

Iodoform, compounds of, with quaternary 
salts (Steinkopf and Bessaritsch), 
i, 495. 

Iodomercurates, organic, preparation of, 
from iodoantimonates (C a ills and 
Viel), i, 68. 

Iodometry, standardisation of solutions 
in (Popov and Whitman), ii, 1093. 
benzene as indicator in (Kan 6), ii, 
1010. 

Ions, refraction and electron constraint 
in (Smyth), ii, 843, 1019. 
magnetic properties of (Foex), ii, 345. 
emission of, from heated metals (Boy), 
ii, 731. 

liberation of, in gaseous reactions 
(Brewer), ii, 919. 

electric field of, and neutral salt action 
(Debye and McAulay), ii, 171. 
determination of the charge on (Hull 
and Williams), ii, 253. 
dimensions of, in aqueous solutions 
(JabLczy^ski), ii, 33. 
theory of diffusion of, in discharge 
tubes (Schottky), ii, 79. 
adsorption of (Audubert and Quin- 
tin), ii, 384; (Mukherjee and 
Ray), ii, 385. 

ammoniation of, in aqueous solutions 
(LoSan), ii, 654. 

antagonism of (Minakami), ii, 860. 
hydration of (Fricke), ii* 36 ; (Babo- 
rovsky), ii, 1151. 

mobility of (Mestrezat and Gar- 
reau), ii, 543. 

in air (Grindley and Tyndall), 
ii, 80. 

in ethyl ether (Loeb), ii, 832. 
in gases (Loeb and Ashley), ii, 7 ; 

(Loeb), ii, 461 ; { Wahlin), ii, 61 5. 
in liquids (Lindemann), ii, 127. 


Ions, diffusible (Northrop), i, 864. 
electrolytic. See Electrolytic ions, 
isotropic, in relation to molecular and 
crystal structure (Hund), ii, 1132. 
negative, mobility of, in flames 
(Watt), ii, 170. 

triatomic, stability and heats of form- 
ation of (Heisenberg), ii, 16. 

Ionisation, Bohr’s theory of (Anslow), 
ii, 343. 

formula for (Milne), ii, 920. 
influence of radiation on (Saha and 
Swe), ii, 254 ; (Woltjer), ii, 348. 
and vapour pressure of gases (Becker), 
ii, 342. 

energy absorbed by (Grebe), ii, 615. 
in air (Lehmann and Osgood), ii, 
832. 

of electrolytes (Scarpa), ii, 128. 
of binary electrolytes (SementsChen- 
ko), ii, 117. 

of weak electrolytes in aqueous-aleo- 
holic solutions (Mizutani), ii, 867. 
of gases (Langmuir and Jones), ii, 
169. 

by a-partieles (Gurney), ii, 256. 
by slow-moving electrons (Jesse), 
ii, 919. 

by collision of electrons (Fowler), 
ii, 7 ; (Compton and van Ygor- 
his Tuve ; Tate ; Waldie), 
ii, 1106. 

of salt vapours (Kondratiev), ii, 615. 
lecture experiments to illustrate 
(Kolthoff), ii, 819. 
thermal, of metallic salts (Rolla and 
Piccardi), ii, 1018. 

Ionisation potential, method of estim- 
ating (Hartree), ii, 5. 
of rare gases (Hertz and Kloppers), 
ii, 342. 

Ionium (Kammer and Silverman), 
ii, 1186. 

Ionogens (Blum), ii, 402, 

Ipecacuanha alkaloids (Keller and 
Bernhard), i, 1086. 
azo colouring matters of (Palkin and 
Wales), i, 1087. 

Iridium chloride, compound of carbon 
monoxide and (Manchot and 
Gall), ii, 232. 

halides (Krauss and Gbrlach), ii, 
1089. 

ktroxide (Krauss and Gerlach), ii, 
424. 

Irisin, and its derivatives (v. Euler 
and Erbtman), i, 1369. 

Iron, pure, structure and thermo-electric 
power of (Goetz), ii, 485. 
spectrum of (Laporte), ii, 4 ; 
(Catalan), ii, 167; (Goudsmit), 
ii, 611. 
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Iron, spark spectrum of (L. and E. 
Bloch), ii, 78, 727. 
soft X-rays from (Thomas), ii, 336. 
magnetic properties of crystals of 
(Webster), ii, 369. 
films, magnetic properties of (Soren- 
sen), ii, 82. 

magnetic permeability of (Nikitin), 
ii, 173. 

magnetostrietive effects in (Mc- 
Corkle), ii, 487. 

magnetisation of cobalt, nickel, 
magnetite, and (Ashworth), ii, 
944. 

magnetisation of nickel and (de 
Waard ; Peschard), ii, 751. 
magnetic, constitution of (Gross), ii, 
1134. 


magneton numbers of, in complex 
salts (Welo), ii, 943 ; (Jackson), 
ii, 944. 

electrolytic behaviour of (Liebreich 
and Wiederholt), ii, 44. 
critical potential in electron emission 
from (Petry), ii, 1017. 
quantitative deposition of, from 
oxalate electrolytes (Prolich), ii, 

, 604. 

thermoelectric behaviour of, at its 
transition points (Goetz), ii, 187. 
atomic heat of (Rodebush and 
Michalek), ii, 949. 
lattice constant of (Blake), ii, 844. 
orientation of crystals of, on heating 
under strain (Elam), ii, 946. 
tensile strength of crystals of 
(Edwards and Pfeil), ii, 946. 
corrosion of (Evans), ii, 687 ; 
(Whitney; Shipley, McHaf- 
fie, and Clare), ii, 688. 
tests on (Beeny), ii, 1068. 
effect of metals on (Utida and 
Saito), ii, 1069. 

by salt solutions (Evans), ii, 140. 
composition of the rust of (Stumper), 
ii, 702. 

passivity of (Russell), ii, 406. 
pyrophoric phenomena in (Smits and 
Wallach), ii, 276. 
as an oxidative catalyst (Warburg), 
i, 471. 

effect of alkaloids on the solution of, 
in hydrochloric acid (Rane and 
Prasad), ii, 410. 


and its alloys, action of dilute acids 
. An (Girard), ii, 879. 

of ; alkali metals by 

|g||||£^ ii,; 




Iron, action of, on copper (Siebe ; 
Hanson and Pord), ii, 317. 
oxygen in (Tritton and Hanson), 
ii, 316. 

action of sodium chloride on (Girard), 
ii, 1192. 

commercial, constitution of (Wever), 
ii, 503. 

ferrous, equilibrium of, with silver 
ions (Tananaev), ii, 121. 
physiological effects of zinc and 
(Bertrand and Nakamura), i, 
1114. 

as oxygen carrier in respiration 
(Ellinger), i, 1342 ; (Warburg), 

i, 1481. 

in blood in scurvy (Mourignand, 
Leulier, and Michel), i, 330. 
from haemoglobin, and its action with 
digestive ferments (Lintzel ; 
Barkan), i, 1482. 

Iron alloys, electrolytic corrosion of 
(Thornton and Harle), ii, 303. 
with carbon, temper-colours of (Tam- 
mann and Siebel), ii, 1169. 
equilibria of (Daeves), ii, 401. 
ternary (v. Yegesack), ii, 535. 
with carbon and nickel (Ease), ii, 
973. 

with carbon and silicon (Becker), ii, 
973. 

with carbon and titanium (Tamaru), 

ii, 787. 

with cobalt and nickel, expansion 
coefficients of (Honda and Okubo), 
ii, 104. 

with cobalt and with nickel (Grenet), 
ii, 973. 

with copper and manganese (Obter- 
mann), ii, 1060. 

with nickel (Deloraine), ii, 639. 
magnetic properties of (Yensen), 
ii, 372. 

thermomagnetic properties of (Pes- 
chard), ii, 651. 

effect of tension on magnetic 
properties of (Buckley and 
McKeehan), ii, 945. 

Iron bases (iron amrnines ) : — 
Aquopentamminoferrous sulphate 
(Weitz and MOller), ii, 318. 

Iron compounds, importance of, in 
nutrition (Hart, Steenbock, 
Elvehjem, and Waddell), i, 
1354. 

pharmacology of (Sabbatani), i, 

: 196. , ; 

Iron salts, catalysis of hydrogen per- 
oxide by (Spitalsky and Petin), 
ii, 53. . ■ ■ 

action of, on / fermentation (Hodel 
and Neuenschwander), i, 615. 
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Iron carbonyls (Freundlich and 
Malchow), ii, 231. 
oxide, catalytic properties of 
(Baudisch and Welo), ii, 881. 
oxides (Simon and Schmidt), ii, 534. 

reduction of (Hofmann), ii, 991. 
Ferric salts, oxidation of iodides by 
(Wagner), ii, 49. 

reduction of, by thiosulphates 
(Holluta and Martini), ii, 
305, 702. 

precipitation of, by ammonium 
sulphide (Kkepelka and Pod- 
rouzek), ii, 703. 

promotion by copper salts in the 
decomposition of hydrogen 
peroxide by (Robertson), ii, 
690. 

detection of, with alloxantin 
(DENiGfcs), ii, 441. 

determination of, in silicates 
(Hackl), ii, 1004. 
chloride, effect of a magnetic field 
on the reduction of (Parker 
and Armes), ii, 683. 

effect of neutral salts on the 
reaction of stannous chloride 
with (Timofeev, Much in, and 
Gurevitsch), ii, 586. 

reaction of potassium thiocyanate 
with (Bailey; Bailey and 
Kidd), ii, 422. 

catalysis of the reaction of sodium 
thiosulphate with (Holluta 
and Martini), ii, 215. 
hydroxide, colloidal, preparation of 
solutions of (Gavrilov), ii, 
860 ; (Stadnikov and Gavri- 
lov), ii, 861. 

sols, coagulation of (Ghosh and 
Dhar), ii, 778. 

and their mixtures with 
aluminium hydroxide (Ku- 
hnl and Pauli), ii, 776. 
action of, on aqueous solutions 
of gelatin (Wintgen and 
Meyer), ii, 524. 

precipitation of, electrometrically 
(Britton), ii, 1204. 
oxide, effect of temperature on 
hygroscopicity of (Aarnio), 
ii, 1157. 

equilibrium of magnesia and 
(Forestier and Chaudron), 
ii, 1159. 

catalytic activity of (Welo and 
Baudisch), ii, 1071. 

hydrosols, electric transport in 
(Puiggari), ii, 129, 792. 
sol-gel transformation of 
(Freundlioh and Rosen- 
thal), ii, 967. 


Iron : — 

Ferric oxide, solid solutions of 
aluminium, and chromic oxides 
in (Forestier and Chaudron), 
ii, 534. 

reduction of, by hydrogen 
(Benton and Emmett), ii, 
216 ; (Kamura), ii, 981. 
magnetic (Abraham and Pla- 
niol), ii, 587 ; (Cheyallier), 
ii, 639 ; (Sosman and Posn jak), 
ii, 944. 

sulphate, action of alkalis on 
(Krause), ii, 1192. 

Ferrous salts, action of ammonia on 
aqueous solutions of (Weitz and 
Muller), ii, 317. 
reaction of cuprous salts with 
(Wells), ii, 148. 

action of light on the reaction of 
iodine with (Rideal and Wil- 
liams), ii, 416. 

dissociation equilibria of nitric 
oxide compounds of (Manchot 
and Haunschild), ii, 298 ; 
(Manchot and Linckh), ii, 
317. 

reduction of permanganates by 
(Muller and Hollering), ii, 
305. 

carbonate and hydroxide, ageing 
of (Baudisch and Welo), ii, 
992. 

chloride, ammoniate of (Biltz and 
Rahlfs), ii, 1191. 

hydroxide, solubility of, and its 
influence on corrosion (Whit- 
man, Russell, and Davies), 
ii, 505. 

precipitation of, electrometrically 
(Britton), ii, 1203. 

nitride (Bergstrom), ii, 231. 

oxide, magnetic form of (Fer- 
guson), ii, 846. 

apparatus for determination of 
(Meyer), ii, 898, 

selenide (Moser and Atynski), ii, 
583. 

sulphate, miscibility of ammonium 
sulphate and (ZwEiGLdwNA)j 
ii, 189. 

reduction of chloric acid and 
its salts by (Harvey), ii, 
1197. 

ammonium sulphate, magnetic 
properties of (Fgex), ii, 
346. 

sulphide, colloidal, toxicity of 
(Sabbatani), i, 196. 

tellnride (Brukl), ii, 895. 

Ferric acid, and its salts (Losana), 

ii, 1088. 
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Iron organic compounds : — 

Perrons tetramminethiocyanate (Berg- 
strom), ii, 231. 

Chloroferrates of ammonium bases 
(Bemy and Rothe), ii, 1088. 

Iron : — 

Cast iron, definition of (Honda), 
ii, 378. 

Steel, definition of (Honda), ii, 378. 
martensitic structure of (Sauer- 
wald and Jackwirth), ii, 22. 
secondary crystallisation of 
(Scheil), ii, 122. 

recrystallisation of, after hot de- 
formation (Hanemann), ii, 1134. 
specific volume of (Andrew and 
Honeyman), ii, 278. 
tenuper-brittleness of (Greaves and 
Jones), ii, 487. 

temper colours of (Gale), ii, 109. 
corrosion of (Evans), ii, 687 ; 
(Enos), ii, 1068. 
tests on (Beeny), ii, 1068. 
effect of metals on (Utida and 
Sait 6), ii, 1069. 

by salt solutions (Evans), ii, 
140. 

effect of carbon and carbides in, on 
its properties (Campbell and 
Whitney), ii, 274. 
action of sodinm chloride on 
(Girard), ii, 1192. 
carbon, formation of martensite in 
(Honda), ii, 972. 

quenched carbon, structure of 
(Enlund), ii, 486. 
determination of chromium and 
vanadium in (Kolthoff and 
Tomioee), ii, 72. 

Iron detection, determination, and 
separation 

detection of (Nichols and Cooper), 
ii, 715. 

detection of, without nitric acid 
(Longinescu and Petrescu), ii, 
1206. 

determination of, colorimetrically 
(Walker), ii, 717. 

determination of, gravimetrically 
(Tananaev), ii, 603. 

determination of, volumetrically 
(Rupp), ii, 71 ; (Asmus), ii, 
1206. 

determination of, in presence of 
ehromium and vanadium (Kolt- 
hoff and Tomi&bk), ii, 72. 

determination of, in biological material 
183. 

twaes- 'and in 

g - ' f&mmm (Yabusoe), i, 724. 

of, in water (Hopkins), 


Iron detection, determination, and 
separation 

ferric and ferrous, determination of, 
in magnetites (Adam), ii, 717. 
determination of oxygen in (Rooney), 
ii, 327. 

separation of, from copper and nickel 
(Ardagh and Brough all), ii, 603. 
separation of, from manganese and 
magnesium and from phosphoric 
acid (Moser, Brukl, and Y^n), 
ii, 329. 

separation of, from mercury (Spacu), 
ii, 1206. 

separation of nickel and, in presence 
of chromium (Rousseau), ii, 441. 
separation of zirconium from (Wenger 
and Muller), ii, 1207. 

Iron ores, reduction of, by hydrogen 
(Kamura), ii, 981. 

analysis of (McMillan and Fergu- 
son), ii, 441. 

Iron wire, magnetic spectrum of (Arka- 
diev), ii, 82. 

effect of absorption of gas on resistance 
of (Kleine), ii, 947. 

Irradiation, biochemistry of (Kroetz), 

i, 178. 

Isaria virescms , formation of pigments 
by (Danilov), i, 1013. 

Isatin, action of, and its a-chloride on 
hydantoins (Hill and Henze), 
i, 305. 

condensation of, with rhodanic acids 
(Hann), i, 987. 

mercuric derivative, and 5-bromo-, 
silver and benzoyl derivatives 
(Hantzsch), i, 701. 

Isatin, 4-ehloro-5:7-<fo*iodo- and 5:6;7- 
tfniodo- (Kalb and Yogel), i, 161. 
5:7-driodo-, and its derivatives (Kalb 
and Berber), i, 160. 

Isatin series, isomerism of (Heller and 
Fuchs), i, 1166. 

Isatin- A r -chloroanilide (Rupe and Gug- 
genbOhl), i, 1100. 

Isatinrhodamine (Sen and Sircar), i, 555. 

Isatoic acid, 5:6:7-2niodo-, sodium 
derivative (Kalb and Yogel), i, 161, 

Isatoid, and its silver derivative 
(Hantzsch), i, 700. 

Isatole, so-called (Hantzsch), i, 700. 

Isoagglutinins in dogs’ blood (Me- 
Enery, Ivy, and Pechous), i, 1344. 

Isoelectric point, theory of (Kuhn), 

ii, 117. 

Isomeric transformations (Nametkin 
and Jarcbva), i, 1081, 

Isomerides, molecular diameters and 
volumes of (W5hlisoh), ii, 269. 
solubility of (Johnston ; Andrews, 
Kohman, and Johnston), ii, 852. 
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Isomerism, influence of the solvent on 
(Dimroth), ii, 36; (Yixseboxse), 
ii, 396. 

and polymorphism (Pfeiffer, Kalck- 
bbenner, and Behr), i, 547. 
dynamic (Burgess and Lowry), i, 
46; (Faulkner and Lowry), ii, 
632 ; (Lowry ; Lowry and Rich- 
ards), i, 886. 
electron (Swinne), ii, 922. 
geometric (Sugden and Whittaker), 
ii, 937. 

Isomorphism (Winchell), ii, 1122. 

Isotopes, band spectra of (Mulliken), 
ii, 833. 

and mass spectra of elements (Aston), 
ii, 618. 

mass ratio of (Jaeger and Dijkstba), 
ii, 83. 

in relation to periodic classification of 
elements (Schtschukarev), ii, 
462. 

separation of (Kendall and White), 
ii, 83. 

Itaconic acid, esters, action of ammonia 
on (Stosius and Philippi), i, 892. 


J. 

Jaborandi leaf oil, constituents of 
(SCHIMMEL & CO.), i, 417. 

Jasmine, Spanish. See Jasminium 
gmndifloru7ii. 

Jasminium grandiflorum , indole in 
flowers of (Cerighelli), i, 621. 

Jatrorrhizine, constitution of (Spath 
and Dusohinsky), i, 1313. 

Jaundice, determination of phenol- 
sulphonephthalein in urine in (Abram- 
son), i, 329. 

Jellies (v. Weimarn), ii, 390. 

Juglans regia (walnut), phosphorus 
compound in (Bieleoki and Szten- 
cel), i, 215. 

Juline chloroaurate (Reinwein), i, 189. 

Juniper oil, constituents of (Palazzo 
and Alinari), i, 565. 

Junipencs communis, constituents of oil 
from (Simonsen), i, 565. 

Jute, cellulose of (Lehne and Schep- 
mann), i, 518. 


K, 

Kachi-grass oil (Rag and Sudborough), 
i, 1164. 

Kaempfexide trimethyl ether (Tasaki) : 
i, 1444. 

Xaki-fruit, ripening of (Komatsu and 
Ishimasa), i, 759. 


Eakishibu (Komatsu, Matsunami, and 
Ishimasa), i, 759; (Komatsu and 
Matsunami), i, 950. 

Kamala, Indian, constitution of (Dutt), 
i, 1296. 

Kaolinite {kaolin), structure of (Domi- 
nikiewicz), ii, 1036. 
action of heat on (Mellor and Scott), 
ii, 698. 

colloidal (Pope and Haines), ii, 
1152. 

sedimentation of suspensions of (Ker- 
mack and Williamson), ii, 523. 
dehydration of (Samoilov), ii, 698. ^ 
Kerasin in the spleen in Gaucher’s 
disease (Lieb), i, 189. ^ 

Keratin, action of alkalis on (Berg- 
mann and Stather), i, 847. 
bromination of (Stary), i, 847. 
Kerosene, from kubiki oil, naphthenic 
acids from (Tanaka and Nagai), i, 
252. 

Kerr effect in gases (Szivessy), ii, 15. 
Keten, preparation of (Hurd and Tal- 
lyn), i, 785, 885. 

polymeride of (Staudinger and 
Stirnemann), i, 787. 
action of, on hydroxybenzoic adds 
(van Alphen), i, 1149. 

Ketens (Staudinger), i, 786. 
ultra-violet absorption spectra of, and 
their dimerides (Lardy), ii, 87, 
181. 

autoxidation of (Staudinger, Dyok- 
erhoff, Klever, and Ruzicka), 
i, 933. 

action of, on hydrazine derivatives 
(van Alphen), i, 80. 

Ketipinie acid. See liiketoadipic acid. 
l-Keto-6-acetamido~4-anilxno-2-oxythio- 
naphthenylidene-l:2-dihydronaphtha- 

lene (Sander), i, 982. 

Keto-alcohol, and its deriv- 

atives, from ehenopodium oil (Henry 
and Paget), i, 1163. 

1 -Keto -4'anilino-2-in doxenyl-l:2-di* 
hydronaphthalene (Sander), i, 982. 
4-Keto-2-anisyM:4-dihydropyrimidine, 
5-cyano- (Mitter and Palit), i, 1320. 

. 2-Keto-2-anisyI-l:4-dihydropyrimidine- 
5 -carboxylic acid, ethyl ester (Mitter 
and Palit), i, 1320. 

£-Keto-bases, preparation of (Mannich), 
i, 374. 

l-Keto-2-benzylideneoctahydroanthra- 

cene (Schroeter, Gluschkb, van 
Hulle, and Gotzky), i, 129. 
^ra7is-2-KetodecahydronaphthaIene-3- 
carhoxylic acid, ethyl ester (Huckel 
and Goth), i, 402. 

Eeto-7*demethylo-^-corydaline (Ha- 
worth and Perkin), i, 971. 
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3-Keto-4:5:4^5'-dihenz-2:3'-dicoumaraE 
(Fries and Pusch), i, 569. 

2-Keto-2:3-dihydropyriminazoIe, and 
5:7-<£ibromo-, and 3-oxiimno-, and 
their salts (Tschitschibabin), i, 158. 

a-Keto-j8jS-dimethylglutaric acid, ethyl 
ester (Rothstein, Stevenson, and 
Thorpe), i, 884. 

a-Keto-jSyS-dimethylpentane-ay-dicar'b- 
oxylic acid, and its diethyl ester 
(Rothstein, Stevenson, and 
Thorpe), i, 884. 

2-Keto-3:6-di-0-mtrophenyl-l:2-dihydro- 
l:4-diazine (Heller and Spiel- 
meyer), i, 888. 

2-Keto-3:4-diphenyl-2:S-dihydro-l:3- 
thiazoleacetylhydrazone, and its 
liydrobromide (Bose), i, 1465. 

2-Keto-3:4-diphenyl-3:3-dihydro-l:3- 
thiazoleanisylidenehydrazone (Bose), 
i, 1465. 

2-Keto-3:4-diphenyl-2:S-dihydro-l:3-thi- 
azolebenzylidenehydrazone (Bose), 
i, 1465. 

2-Keto-3:4-diphenyl-2:3-dihydro-l:3-thi- 
azolehydrazone, and its derivatives 
(Bose), i, 1465. 

2-Ke1^3:4-diphenyI-2:3-dihydro-l:3-thi- 
azole^sopropylidenehydrazone (Bose), 
i, 1465. 

2-Keto-l:5-diphenyl-4-methylpyrrolid- 
ine, 5-cyano-, and its 3-carboxylic 
acid, ethyl ester (Higginbotham, 
Lapworth, and Simpson), i, 35. 

2-Keto-l:5-diphenyl-4-methylpyrrolid- 
ine- 5- earboxylamide (Higginbotham, 
Lapworth, and Simpson), i, 35. 

2- Keto-4:6-diphenyl-3-^-nitrophenyl- 
tetrahydropyridine (Allen), i, 964. 

3- Keto-2:2-diphenyltetrahy&roquin- 
oxaline-4-earboxylic acid, ethyl ester, 
and its acetyl derivative (Ingold and 
Weaver), i, 580. 

0- Keto-esters, structure of enolic forms 
of (Sidgwick), i, 630. 

1- Keto-2-ethylhydrindene, and its semi- 
carbazone (Speight, Stevenson, and 
Thorpe), i, 32. 

5-Eetoheptdiethylamide, and its semi- 
carhazone (Blaise and Montagne), 
i, 633. 

S- and 7 'Xetoheptoic acids, semicarb- 
azones of (Clutterbuck and Raper), 
U 882. 

l-Ketohydrindeue-3-acetie acid, and its 


Xetohydroxymethylsuccinic acid (Goeb- 
el), i, 1038. 

l:4-«?ido-Keto-2-keto-3:3-diphenyltetra- 
hydroquinoxaline, and its chloro- 
derivatives (Ingold and Weaver), i, 
580. 

3- Keto~A l -p-menthene oxide (Kotz and 
Hoffmann), i, 911. 

2-Keto-7-methyldihydropyriminazole, 
salts of (Tsohitschibabin), i, 159. 

4- Keto-2-£-imphthyl-l:4-dihydropyr- 
imidine, 5-cyano- (Mitter and Palit), 
i, 1320. 

4-Keto-2-naphthyl- 1 :4-dihydropyrimid- 
ine-5-carboxylic acid, ethyl ester 
(Mitter and Palit), i, 1320. 

Ketone, C 9 H 14 0, and its semicarbazone 
(Henry and Paget), i, 1163. 

Ketones, absorption spectra of (Leoomte ; 
Purvis), ii, 627; (Plotnikov), 
ii, 837 ; (Langedijk), ii, 1116. 
and their alcoholic solutions (Boesek- 
en, Cohen, and Langedijk), i, 
408. 

ultra-red absorption spectra of (Bon- 
ino), ii, 838. 

decomposition of (Hurd and Tallyn), 
i, 885. 

reduction of (Meerwein and 
Schmidt), i, 1239. 
interchange of groups between alcohols 
and (Yerley), i, 1034. 
preparation of acetylenic hydrocarbons 
from (Bourguel), i, 364. 
action of, with aluminium organic 
compounds (Leone and Braicovio), 
i, 677. 

and their semicarbazones from naph- 
thenic acids (Zelinski and Rja- 
china), i, 39. 

excretion of, after extirpation, of the 
pancreas (Bierry and Rathery), 
i, 856. 

cyclic, preparation of (Riedel), i, 407. 
condensations of (Hill and Henze) 
i, 305. 

fatty-aromatic, condensation of 2-am- 
inopyridine with (Schmid and 
Bangler), i, 1459. 
saturated aliphatic, X-ray investigation 
of (Saville and Shearer), ii, 
366. 

, reaction of halogens with (Rice 
and Fryling), ii, 556. 
unsaturated, absorption spectra and 
halochromismof(ScHEiBB, R5 ssler, 
and Backenkohler), ii, 352. 
a-nnsaturated phenolic (Yorlander, 
HIRMESCH,ScHORNEMANN,ScHADE, 
and Eunze), i, 267. 
destination of, hy action of sulphites 
on (Romeo and D’Amoo), i, 1880. 
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Ketonie acids, unsaturated (Bogert and 
Bitter), i, 255, 816. 

y- and 5-Ketonic acids, and their esters, 
thermal decomposition of (Wind ads 
and Bohne), i, 552. 

5-Keto-nitriles, reactions of (Allen), 
i, 963. 

3- Keto-a-o-mtrophenylpropane, a-oxim- 
ino-, and its derivatives (Neber, 
Hartdng, and Ruopp), x, 1073. 

4- Keto-s-octahydroanthracene, deriv- 

atives of (Schroeter, Gldschke, van 
Hulls, and Gotzky), i, 129. 

1- Keto-s-octahydrophenanthrene, and 

its derivatives (Riedel), i, 407. 

Keto-octahydrophenanthrenes, and their 
derivatives (Schroeter, van Hdlle, 
and Muller), i, 130. 

5- and 7-Keto-octoic acids, semicarb- 
azones of (Clxjtterbijck and Baper), 
i, 882. 

4-Keto-oxythionaphthenylidenedihydro- 
naphthalenes, amino- and hydroxy- 
(Friedlander), i, 957. 

7 -Ketopalmitic acid, oxime of (G. M. 
and B. Robinson), i, 355. 

7 -Ketopentadienes, photodimerides of 
derivatives of (Stobbe, Barber, and 
Bad), i, 1282. 

7 -Ketopentadienedicarboxylic acid, 
methyl ester, dimeride of (Stobbe, 
Parser, and Bad), i, 1283. 

4-Keto-6-phenyldihydropyrimidine 
(Seide), i, 437. 

4- Keto-2-phenyl-l:4- dihydropyrimidine, 
5-cyano-, and its derivatives (Hitter 
and Palit), i, 1319. 

2- Keto-4-phenyl-2:3-dihydro-l:3-tlii- 
azole, bydrazones of (Bose), i, 167. 

1- Keto-2-phenyl-3:5-dimethyl- 1 : 2 -di- 
hydro-&4:8-naphtha?sotriazine (Gdl- 
land and Robinson), i, 1187. 

4-Keto-6-phenyl- 1 : 2-divinylenedihy dro- 
pyrimidine, and its salts (Seide), 
i, 437. 

2- Keto-3-phenyl-5-methylcoumaranyl- 

3-acetic acid, and its ethyl ester 
(Lowbnbein, Simon is, Lang, and 
Jacobds), i, 147. 

2-Keto-4-piienyl-3-methyl-2:3-dihydro- 
l:3-thiazoleanisylidenehydrazone, 
and its hydrobromide (Bose), i, 1466, 

2-Keto-4-phenyl-3-methyl-2^-dihydro- 
l:3-thiazole'isc/pTopyIidenehydrazone 3 
and its hydrobromide (Bose), i, 
1466. 

2-Keto-4-phenyl-3-a-naphthyl-2;3-di- 
hydro-l:3-thiazolehydrazone, and its 
hydrobromide (Bose), i, 1466. 

2-Keto-4-phenyl-3-o-tolyl-2:3-dihydro- 
1 :3-thiazolehydrazone, and its hydro- 
bromide (Bose), i, 1466. 


a-Ketopimelic acid, and its derivatives 
(Adickes), i, 230. 

Ketopiperazines, action of alkalis on 
(Levene and Pfaltz), i, 1474, 

3 - Ke to -4 : 5 -pyrido-2 : 3- dihy d rothiophen, 
and its phenylhydrazone, and 2:2 -di- 
bromo-, and its salts (Koenigs and 
Geissler), i, 167. 

2- Ketopyrrolidine-4- carbamide (Stosids 
and Philippi), i, 892. 

5-Ketosebacic acid, semicarbazone of 
(Hdckel and Brinkmann), i, 259. 

Ketosis (Wigglesworth), i, 191. 

a-Ketosuberic acid, and its derivatives 
(Adickes), i, 230. 

3- Keto-l:2:3:4-tetrahydro-l:2:4-benz- 
triazine (Gdha and Bay), i, 1462. 

l-Keto-l:2:3:4-tetrahydronaphthalene, 
transformations of (Schroeter, 
Zadek, and Hoffmann), i, 677. 

1-Ketotetrahydronaphthalene, £-bromo- 
(Krollpfeiffer, Sohdltze, 
Schlumbohm, and Sommermeyer), 
i, 1306. 

2-hydroxy-, and its acetyl derivative 
(Steads, Bernodlly, and Maut- 
ner), i, 1155. 

2-nitro-, and 2-oximino-, and their 
potassium salts (Strads and Ek- 
hard), i, 1139. 

Ketotetrahydronaphthalenes, nitro-, and 
their semicarbazones (Riedel), i, 407. 

4- Keto-s-tetrahydrophenanthrene, de- 

rivatives of (Schroeter, Gldschke, 
van Hdlle, and Gotzky), i, 129. 

5- Keto-l:2: 3:4-tetrahydroisotetrazole, 

5-thio- (Gdha and Db), i, 600. 

3- Keto-4:6:4':6'-tetramethyl-2:3-di- 
hydro- 2 :S / -dicoumaran (Fries and 
Bartens), i, 568. 

^-Keto-aa77-tetramethylglutaric an- 
hydride (Staddinger, Felix, and 
Harder), i, 786. 

jB-Keto-T-tMol-a-benzoyl-ayy-triphenyl- 
cfithiobutanoic acid, 7 -thiolactone of 
(Meyer), i, 424. 

4- Keto-2-tolyl-l:4-dihydropyrimidine, 
5-cyano- (Mitter and Palit), i,1320. 

4-Keta>-2:S:3-triphenyldimethylene- 
1 : 2 -di-imine-l-carboxylic acid, ethyl 
ester (Ingold and Weaver), i, 580. 

Ketoximes, acid nature of (Pfeiffer 
Armbruster, Backes, and Oberlin), 
i, 270 ; (Pfeiffer), i, 677. 

Kidneys, ratio of alkali salts in blood 
in disease of (Rabinovitch), i, 
462. 

isolated, effect of inorganic salts on 
the secretion of (Eichholtz and 
Starling), i, 860. 

Kinetics of chemical reactions (Tol~ 
man), ii, 799. 
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Kinetic salt effect, secondary (BrQn- 
sted and King), ii, 1171. 

Konyakn so]s, action of alkalis on 
(Dokan), ii, 967. 

Kubiki oil, naphthenic acids from 
(Tanaka and Nagai), i, 252. 
Kynnrenic acid, formation of, in the 
animal body (Matsuoka, Takemura, 
and Yoshimatsu), i, 731. 

L. 

laboratory apparatus (Wiggers), ii, 
319 ; (Stexnkopf, Ohse, and Buch- 
heim), ii, 590. 

Laccase (Fleury), i, 471, 614. 
action of hydrocyanic acid on 
(Fleury), i, 1360. 

Lactacidogen, formation of, in muscle 
(Emm rich and Lange ; Embden, 
Kahlert, and Lange ; Abraham 
and Kahn), i, 728 ; (Deuticke ; 
Embden and Zimmermann), i, 729. 
Laetarinic acid, synthesis of (G. M. and 
B. Robinson), i, 354. 

Lactation, effect of ultra-violet light on 
mineral metabolism in (Orb, Magee, 
and Henderson), i, 1210. 

Lactic acid (i-ethylidenelactic add ; 
a-hydroxypropionic add), formation 
of, in muscular exercise (Furusawa, 
Hill, Long, and Ltjpton), i, 92 ; 
(Hentschel), i, 728; (Furusawa), 
i, 849 ; (Lythgoe and Pereira ; 
Pereira), i, 1341. 

and its anhydrides, eqnilibrium of, in 
aqueous solution (DietzeL and 
Krug), i, 1036. 

and its calcium salt, bromination of, 
in presence of light (Ghosh and 
Ba&u), i, 1234. 

oxidation of, in muscle (v. Szent- 
GyOrgyi), i, 708. 
metabolism of. See Metabolism, 
destruction of, by yeast (Myrbaok 
and Everitt), i, 105. 
in arthritis and rheumatism (Cajori, 
Crouter, and Pemberton), i, 328. 
in blood at high altitudes (Laquer), 
l, 324. 

effect of aliphatic compounds on 
(Knoop and Jost), i, 180. 
effect of insulin on (Collazo and 
Lewicki), i, 870. 

and tissues, effect of insulin and 
adrenaline on (Cori), i, 753; 

; (Best and Redout), i, 754. 
y exercise (Lil- 


Lactic acid (i-ethylidenelactic acid ; 
a-hydroxypropionic acid), detection 
of, in fruit juices (Borntrager), ii, 
1007. 

determination of, in animal organs 
(Hirsch-Kauffmann), i, 96 ; (Emb- 
den; Meyerhof), i, 719. 

^-Lactic acid, transformation of, into 
2-alanine (Freudenberg and Huber), 
i, 229. 

Lactoisocitric acid (Nelson), i, 619. 

Lactone, C s H 14 0 3 , and its derivatives, 
from Alstonia bark (Goodson and 
Henry), i, 1166. 

Lactones, catalysis by acids of the form- 
ation of (Taylor and Close), 
ii, 1070. 

Lactose ( milk-sugar ) (Whittier), i, 792. 
origin of, in cows (Campus), i, 327. 
bromo-, chloro-, and iodo-acetyl 
derivatives of (Hudson and Kunz), 

i, 1043. 

determination of (Bierman and 
Doan), ii, 245. 

Laevulic acid, a-alkyl derivatives of 
(Gault and Salomon), i, 115. 
esters, hydrolysis of (Skrabal, Pfaff, 
and Airoldi), ii, 139. 

Laevulic acid, chloro-oximino-, and 
its ethyl ester (Bheinboldt and 
Schmitz-Dumont), i, 1132. 

LaBvulosans in plants (Colin), i, 618. 

Laevulose (d-frudose ; fruit-sugar), solu- 
tion volume and refraction constants 
of (Buber, Esp, and Berner), i, 635. 
effect of phosphates on rotation of 
(v. Euler and Nilsson), i, 1042. 

Lake water. See under Water. 

Lamellibranehs, intestines of. See 
Intestines. 

Laminaria flexicmlis, combustion 
analysis of (LELiiiYRE and Manager), 
i, 619. 

Lamps, mercury, energy distribution in 
(Franklin, Maddison, and 
Kbevb), ii, 809. 
gold in (Betsohinsky), ii, 465. 
constricted mercury arc, for photo- 
chemistry (Forbes and Harrison), 

ii, 1194. 

quartz mercury (Reeve), ii, 234. 

Landolt reaction (Eggert), ii, 52 ; 
{Eggert and Pfeffermann), ii, 407. 

Lantana camara, constituents of oil from 
leaves of (Moudgill), i, 565. 

Lanthanum, spectrum of (Goudsmit), 
ii, 454. 

arc spectrum of (Pina de Buries), 

: 4ij 612. . . 

Lanthanum alloys with cerium, adsorp- 
tion of hydrogen by (Subverts and 
Boell), ii, 854. 
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Lanthanum, potassium chromates 
(Carobbi), ii, 315. 
copper nitrate (Cabobbi), ii, 145. 
potassium sulphates (Zambonini and 
Carobbi), ii, 222. 

thallous sulphates (Zambonini and 
Carobbi), ii, 579. 

Larkspur. See Delphinium eonsolida . 

Lathyrism (Anderson, Howard, and 
Simonsen), i, 1000. 

Laudanidine (Spath and Bernhauer), 
i, 294. 

Z-Laudanosine (Spath and Bern- 
hauer), i, 294. 

Lane effect, quantum theory of (Oen- 
stein), ii, 733. 

Laurie acid, calcium salt (Klimone, 
v. Moltini, and Benedik), i, 
506. 

thallous salt(HoLDE and Takehara), 

i, 1233. 

3-hydroxybenzaldehyde-2-raercuric 
and 4-hydroxy-fcjr£.-butylbenzene- 
dimercuric esters (Wellcome 
Foundation, Ltd., Henry, and 
Sharp), i, 1154. 

Lead, absorption spectrum of the vapour 
of (Narayan and Rao), ii, 927. 
arc spectrum of (Sponer), ii, 454; 
(McLennan, Young, and McLay), 

ii, 455 ; (Gieseler and Grotrian), 
ii, 1103. 

ultra-violet absorption spectrum of 
(Zumstbin), ii, 914. 

X-ray absorption coefficient of ( War- 
borton and Bicktmyer), ii, 1103. 
isotopes of (Brennen), ii, 174, 1109; 
(Perrette), ii, 646. 
in Norwegian clevite, atomic weight 
of (G LEDITSCH, Dorenfeldt, and 
Berg), ii, 732. 

band spectra of (Bieler), ii, 732. 
vapour pressure aud entropy of (Rode- 
bush and Dixon), ii, 492. 
adsorption of, by platinum (Maxted), 
ii, 384. 

containing radium -n, for the prepar- 
ation of formaldehyde (Stolfi), 
ii, 1111. 

effect of colloids in the displacement 
of, by zinc (Gray), ii, 578. 
possible transformation of, into thall- 
ium (Russell), ii, 924. 

Lead alloys with antimony and zinc 
(Tammann and Dahl), ii, 535. 
with bismuth and cadmium or tin, 
hardness of (Di Capua), ii, 1051. 
with cadmium aud with sodium, elec- 
trolysis of (Kremann, Kienzl, and 
Markl), ii, 132. 

with cadmium and thallium (Di 
Capua), ii, 787. 


Lead alloys with mercury, electrolysis 
of (Kremann, Kapaun, and 
Budan), ii, 313. 

with silver, electrolysis of (Kremann 
and Benda), ii, 679. 

Lead compounds, condition of, in the 
organism (Scremin), i, 465. 

Lead bromate (Gunzel and Marcus), 
ii, 1086. 

carbonate, heat of formation of (Mar- 
shall and Bruzs), ii, 1040. 
dissociation of (Centnerszwbr, 
Falk, and Awerbuce), ii, 
400. 

chloride, solubility of, in acetie acid 
(Herz and Martin), ii, 283. 
solubility of, in chloride solutions 
(Kendall and Sloan), ii, 1052. 
chromate, adsorption of ions by 
(Mukhebjee aud Ray), ii, 385. 
hydroxide, equilibrium of sodium 
hydroxide, plumbite, and 
(Muller, Reissmann, and 
Ballin), ii, 125. 

precipitation of, eleetrometrically 
(Britton), ii, 1204. 
iodide, action of, with zinc sulphate 
(Stoffella), ii, 1064. 
nitrate, activity coefficient of aqueous 
solutions of (Randall and Yan- 
selow), ii, 33. 

ageing of dilute solutions of (Bern- 
hardt), ii, 1003. 
nitrite (Thiel and Stoll), ii, 419. 
sw&oxide (van Arkrl), ii, 815. 
woTioxide, structure of (Dickinson 
and Friauf), ii, 18. 
additive compounds of, with lead 
salts of nitre compounds (Ak- 
tirn-Gesellschaft Lignose), i, 
1145. 

dioxide, crystal structure of (Fer- 
rari), ii, 1125. 

colloidal, preparation of, from lead 
tetra-acetate (Gutbier and 
Meyer), ii, 290. 

solubility of, in water (Remy and 
Kuhlmann), ii, 119. 
selenide (Moser and Atynski), ii, 
583. 

sulphide, equilibria in roasting of 
(Schenck and Borken stein), ii, 
419 ; (Schenck), ii, 1160. 
equilibrium of thallous sulphide 
and (Oanneri and Fernandes), 
ii, 887. 

^'sulphide, attempted preparation of 
(St£rba-B6hm and Auersperg- 
roya), ii, 699. 

sulphobismuthite, volcanic (Zambo- 
nini, be Fiore, and Carobbi), ii, 
709. 
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lead organic compounds (Calingaert), 

i, 798. 

diacetato-diplumbo-bromate (Gunzel 
and Marcus), ii, 1086. 
di-m-nitrophenyl di nitrate (Tor- 
lander), i, 1255. 

di- and tri-phenyl methyls, cyclo- 
hezyls, ana xylyls (Krause and 
Schlottig), i, 449. 
resinates (Coffignier), i, 1294 ; 
(Uzac), i, 1295. 

tetraethyl, preparation of (Meyer), i, 
893. 

Lead detection, determination, and 
separation : — 

detection of (Kolthoff), ii, 1095. 
determination of (Richards ; Scott), 

ii, 903. 

determination of, electrolytically, in 
presence of copper (Biltz), ii, 715. 
determination of, in animal tissues 
(Bernhardt), ii, 1003 ; (Naka- 
sero and Nakano), ii, 1205. 
separation of antimony, bismuth, and 
copper from (Lassie ur), ii, 159. 
separation of antimony, copper, tin, 
and (Lassieur), ii, 328. 
separation of, from bismuth (Feigl 
and Ordelt), ii, 442. 

Lead accumulator. See Accumulator. 

Lead cathodes. See Cathodes. 

Leaves, carbohydrates in, in relation to 
■water content (Horn), i, 1121. 
effect of light on the growth and 
formation of chlorophyll in (Pal- 
ladin), i, 1518. 

invertase in (Blagoveschenski and 
Sossiedov), i, 1007. 
peptase in (Blagoveschenski and 
Bielozevski), i, 1009. 
autumn, effect of light on decompo- 
sition of chlorophyll in (Combes), 
i, 1120. 

chlorotic and green, mineral matter 
in (Colin and Grandsire), i, 1123. 
etiolated, effect of light on growth 
of (Palladin), i, 1517. 

Lecitiburin (Ponce), i, 97. 

Lecithin, synthesis of, in the organism 
(Eckstein), i, 458. 
natural crystalline (Esoher), i, 1232. 
spontaneous decomposition of (Kato 
and Shinoda), i, 773. 
in fatty oils (Boedtker), i, 1114. 
compounds of, with bile acids and their 
sadts (Boehringer Sohn), i, 824. 
and cholesterol in relation to cell 
membranes (Oorran and Lewis). 
5 , 128 . 

serological differentiation of chol- 
esterol and (Sachs and, Klopstock), 


Lecithin, determination of, in blood 
(Grigaut), i, 458. 

Lecithins, synthetic (Levene and Rolf), 
i, 92. 

Lecithins, bromo- (Levene and Rolf), 
i, 1520. 

Lecture experiments to illustrate cata- 
lysis and ionisation (Kolthoff), ii, 
819. 

Lemons, insulin-like substances in 
(Fisher and McKinley), i, 1016. 
See also Cortex limmis. 

Lemon juice, effects of orange juice and 
of, on calcification (Korenohevsky 
and Carr), i, 211. 

antiscorbutic factor of (Zilva), i, 
1220 ; (Liotta), i, 1365. 

Lemon oil, new constituent of (Romeo), 
i, 1293. 

Lepidine, 2-hydroxy-, condensation of, 
with, aromatic aldehydes (Troger and 
Dunker), i, 432. 

Leprosy (Wrenshall and Dean ; Dean, 
Wrenshall, and Fujimoto), i, 1414. 

Leucine, esters, hydrolysis of, by pan- 
creatic enzymes (Rona and Spei- 
del), i, 103. 

ethyl esters of its campholyl and 
chloroacetyl derivatives, and its 
amide, acetyl derivative (Grana- 
oher), i, 594. 

Meucine, naturally-occurring, configur- 
ation of (Karrer, Jaggi, and Taka- 
hashi), i, 1046. 

Leverrierite, schists formed of (Cor- 
bett), ii, 997. 

Lichenase, saccharification of cellulose 
by (Karrer), i, 118. 

lichenin, constitution of (Pringsheim, 
Knoll, and Kaston), i, 1385. 
Rontgen spectra of cellulose and 
(Herzog and Gonell), i, 371. 

wtfLichenin (Karrer and Joos), i, 
1028 ; (Pringsheim), i, 1029 ; 
(Karrer), i, 1370. 

Lichosan, and its triacetate (Pring- 
sheim, Knoll, and Kaston), i, 1385. 

Lichotriose (Karrer and Lier), i, 
793. 

Liesegang’s rings, theory of (Ostwald), 
ii, 530 ; (Dhar and Chatterji), 
ii, 865. 

formation of (Dhar and Chatterji ; 

v. Weimarn), ii, 959. 
phenomena of (Steopoe), ii, 1158. 
in gelatin gels (Scott-Blair), ii, 
519 . 

Light, absorption of, by fluorescent 
substances (Pienkovski and Ja- 
blonsri), ii, 1031. 

absorption of, by electrolytes (v. 
Halban), ii, 1083, 
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Light, diffusion of, by active and in- 
active molecules (de Malle- 
MA2 ra), ii, 1030. 
in liquids (Rocard), ii, 265. 
by methane and its homologues 
(Cabannes and Gauzit), ii, 
1030. 

scattering of, in mixtures of air and 
carbon dioxide (Banbrji), ii, 
1118. 

by liquids (Raman and Ramdas), 
ii, 952, 1046 ; (Xrishnan), ii, 
1030. 

by salt solutions (Sweitzee), ii, 512. 
chemical action of (John), i, 1258. 
biological action of (Harris), i, 1021. 
oxidation in (Eckert), i, 413. 
action of, on dibasic acids (Volmar), 
ii, 575. 

influence of, on enzymes (Pincijssen), 
i, 468 ; (Pincussen and Klis- 
sittnis), i, 469. 

fluorescent, absorption of, by the 
emitting substance (Duseberg), ii, 
262. 

polarised, photochemical action of 
(Baly and Semmens), i, 12. 
in organic vapours (Ganesan), ii, 
643. 

ultra-violet, measurement of ('Web- 
ster, Hill, and Eidinov), i, 750. 
irradiation by (Hess, Weinstock, 
and Helm an ; Hess and Wein- 
stock), i, 750. 

growth-promoting properties of 
air irradiated by (Nelson and 
Steenbock), i, 484. 
absorption of, in dilute solutions 
(Grieveson), ii, 472. 
absorption of, by organic compounds 
(Kepianka and Marchlewski ; 
de L1szl 6), ii, 179. 
quantity required to develop a 
grain of silver bromide (Hel- 
miok), ii, 143. 

action of, on dyes and textiles 
(Heermann), ii, 144. 
action of, on oils and green vege- 
tables (Hess and Weinstock), i, 
212 . 

action of, on vitamins (Spinka), i, 

, 212 . 

action of, on alcoholic fermentation 
(Romolo and Remo de Fazi), i, 
475. 

germicidal action of (Coblentz and 
Fulton), i, 616. 

effect of, on growth and calcification 
of rats (Home and Smith), i, 211. 

Lignin (KUrsohner), i, 1387. 
chemistry of (Powell and Whit- 
taker), i, 372. 


Lignin, sublimation of (KArschner), 
i, 890. 

degradation of, by fungi (Wehmer), 
i, 521. 

ine (Klason), i, 371, 1246. 
etermination of (Schwalbe), i, 643. 

a-Lignin, homogeneity of (Hagglund), 
i, 1026. 

aldehyde structure of (Hagglttnd), 
i, 643. 

Lignite, constituents of (Citjsa and 
Galizzi), i, 1045. 

Lignoceric acid from arachis oil (Hei- 
bitschka and Pyriki), i, 229. 

Ligulin, and its salts (Pfau), i, 572. 

Lilium , phyfcosterol from bulb scales 
(Mirande), i, 872. 

Lilium candidum, optical properties of 
plastids and phytosterol from (Mi- 
rande), i, 618. 

Limestone, hydrogen sulphide in (Ne- 
nadkevitsch ; Yernadski), ii, 997. 

Limit dextrin I. See Dextrin. 

Limonene, electrical birefringence of (de 
Malleman), ii, 642. 
catalytic transformation of (Zelinski), 
i, 146. 

action of hydrogen -peroxide on 
(Sword), i, 1163. 

Linamarase (Rosenthaler), i, 1008. 

Linoleic acid, and its anhydride (Holde 
and Gentner), i, 882. 

Linolenic acid, calcium salt (Khmone, 
v. Moltini, and Benedik), i, 506. 

Linoxyn (Eibner and Reed), i, 1377. 

Linseed oil, colloid chemistry of (Yoll- 
mann), ii, 517. 

catalytic oxidation of (Slansky), i, 
114, 115. 

Lipase (Cappelli), i, 725. 
from papain (Sandberg and Brand), 
i, 1009. 

action of, from rats of various ages 
(Falk, Noyes, and Sdgidra), i, 
1360. 

activity of, in tissues of different 
animals (Noyes and Falk ; Falk, 
Noyes, and Sugittra), i, 471. 
gastric (Willstatter, Haurowitz, 
and Memmen), i, 201. 
favourable hydrogen-ion concentra- 
tion for (Willstatter, Hauro- 
wrrz, and Petrod), i, 742. 
pancreatic, conditions for action of 
(Platt and Dawson), i, 1506. 
from the thyroid (Herzfeld and 
Engel), i, 201. 

determination of, stalagmometrically 
(Bemuth), i, 103. 

determination of, in body fluids and 
tissues (Rona and Lasnitzki), i, 
471. 
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lipases, specificity of (Willstatter), 
i, 1008. 

Lipins, action of paraldehyde on (Coop- 
er), i, 91. 

in liver (Sacchetto), i, 1357. 

Lipoids (Frankbl and Karpfen), i, 
720. 

effect of, on osmosis in gels (Yumi- 
kura; Traube and Yumikura), 

i, 735. 

extraction and determination of, in 
cereals (Rask and Phelps), ii, 448. 
adsorption by mixtures of (Schafer), 

ii, 1149. 

protection of colloids by (Beck), ii, 

527. 

colloidal, interaction of colloidal fats 
and (Eichholtz), i, 199. 
determination of, in blood-serum 
(Minovici and Iliesco), i, 452. 
determination of the phosphorus of, in 
cereals (Rask and Phelps), ii, 328. 

Liquids, diffusion of light in (Rocard), 
ii, 265. 

molecular scattering of light in 
(Krishnan), ii, 1030. 

Kerr effect in, in relation to the 
depolarisation of scattered light 
(Martin), ii, 90. 

scattering of light by, and their surface 
tension (Raman and Ramdas), ii, 
952, 1046. 

electrical dispersion of (Gofman), ii, 

1060. 

potential differences at the jnnction 
of (Vosnessenski), ii, 673. 
potential differences between air and 
(Frumkin), ii, 544. 
fall of potential in, produced by small 
bubbles of air (Kleeman and Pitts), 
ii, 659. 

potential at interfaces of gases with 
(Frumkin), ii, 873. 
action of charged particles in (Burton 
and Currie), ii, 531. 
dielectric constants of (Sayoe and 
Briscoe), ii, 263 ; (Bell and 
Poynton), ii, 477 ; (Harris), ii, 
631. 

heat of vaporisation and surface tension 
of (PlAointeanu), ii, 39. 
superheating of (Kenrick, Gilbert, 
and Wisher), ii* 99. 
specific heat of (Ghosh), ii, 275 ; 

(Schulze), ii, 491 ; (Foa), ii, 1138. 
mutual solubilities of (Kablukov and 
Malisohbva), ii, 768. 

-critical temperature 
(na Kglosqvski), 

M of (Saslaw- 


Liquids, viscosity of, at the boiling 
point (Macleod), ii, 1049. 
under pressure (Bridgman), ii, 
1143. 

containing dissolved gases (Lewis), 

ii, 377. 

molecular weight and viscosity of 
(Macleod), ii, 498. 
absorption of gases by (Lewis and 
Whitman), ii, 106. 
density of (van Laar), ii, 278. 
velocity of sound in, and their heat 
of vaporisation (Ionescu), ii, 644. 
kinetic theory of evaporation of 
(Macleod), ii, 784. 
vaporisation and changes at contact 
surface of (Sano), ii, 681. 
apparatus for volatilisation of (Yant 
and Frey), ii, 897. 

separated by a membrane, equilibria 
of (SCHREINEMAKERS), ii, 399. 
orientation of molecules on the surfaces 
of (Harkins), ii, 1148. 
surface tension at the interface of (du 
Nouy), ii, 647. 

interfacial properties of, in contact 
with gases (Gilbert and Shaw), 
ii, 795. 

kinetic theory of surface films of 
(Schofield and Rideal), ii, 960. 
velocity of reaction of two ( JablczyiJ- 
ski, Wieckowski, and Klein), 
ii, 410. 

saturation pressure of (Herz), ii, 

850. 

influence of indifferent gases on the 
saturated vapour concentration of 
(Pollitzer and Strebel), ii, 104. 
supersaturation of gases in (Kenrick, 
Wi8mer, and Wyatt), ii, 105; 
(Wyatt), ii, 504. 

molecular interaction in (Antonov), 

ii, 865. 

anisotropic, Bom*s theory of (Szi- 
vessy), ii, 1123. 
binary mixed (Faust), ii, 29. 

composition of (Frank), ii, 188. 
physical properties of, near the 
critical point (Perrakis), ii, 
764. 

refractive index of (Licbten- 
ecker), ii, 632. 

specific beats of (Williams and 
Daniels), ii, 765. 
opalescence of (Rao), ii, 739. 
compressibility of (Kar), ii, 
970. 

effect of a non-volatile solute on 
the boiling point and partial 
pressure of (Oarroll, Rol- 
LEFsoNj and Mathews), ii, 
858,859. 
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liquids, binary mixed, vapour pressure 
and miscibility of (Hrrzfeld), 
ii, 1143. 

pressure curves of (Frank), ii, 
648. 

viscosity of (Macleod), ii, 280. 
corrosive, distillation flask for 
(Brown), ii, 897. 

dust-free, preparation of (Garrard), 
ii, 704. 

fluorescent, modifications of (Aster- 
blxjh), ii, 1026. 

inorganic, surface potential of (Wes- 
sel), ii, 795. 

mixed, dielectric constants of (Grutz- 
macher), ii, 263. 

evaporation of (King and Smedley), 
ii, 101. 

volume of (Lorenz and Herz), ii, 

101 . 

influence of proximity to critical 
solution temperature on volume 
of (Perrakis), ii, 29. 
organic, refractive index of (Eisele), 
ii, 264. 

double refraction of (Yorlander 
and Walter), ii, 183. 
electrical double refraction of 
( Becker), n, 755. 
electrical resistance of films of 
(Bhatnagar, Prasad, Mitra, 
and Shrivastava), ii, 948. 
velocity of sound and ratio of 
~c beats of (Busse), ii, 

373. 

compressibility of (Schmidt), ii, 
497 ; (Hbbeisen), ii, 763. 
dielectric constants of (Grenacher ; 

Francke), ii, 741. 
dielectric constant and molecular 
association of (Lange), ii, 840. 
molecular volume, viscosity, and 
ionic mobility of (Wohlisch), 
ii, 277. 

temperatures of equal viscosity of 
(Herz), ii, 1049. 

mixed, vapour pressure of (Leslie 
and Carr), ii, 1050. 
polymerised, diffraction of Rdntgen 
rays by (de Smbdt), i, 6. 
supercooled, entropy of (Pauling and 
Tolman), ii, 952. 

ternary mixed, critical solution tem- 
perature of (Boutaric and Corbet), 
ii, 103. 

determination of solid matter in (v, 
Bornegg), ii, 324. 

Listera omia^ loroglossdn in (Oharaux 
and Delauney), i, 874. 

Lithium (Huttig and Schliessmann), 
ii, 1181. 

arc spectrum of (Austin), ii, 995. 


Lithium, red line in spectrum of 
(Ainslie), ii, 450 ; (Green), ii, 
1013. 

spark spectrum of (Schuler), ii, 
339 ; (Werner), ii, 1013. 
isotope of (Costa), ii, 619. 
radiation and ionisation potentials of 
(Rolleeson), ii, 722. 
vapour pressure of, in liquid am- 
monia (Kraus and Johnson), ii, 
389. 

equilibrium between barium and, and 
their fused chlorides (Jellinek and 
Czerwtnski), ii, 124. 

Lithium salts, density and refractivity 
of solutions of (Huttig and Keller), 
ii, 963. 

Lithium chloride, activity coefficient of 
(Soatcbard), ii, 397. 
vapour pressure of hydrochloric 
acid solutions of (Y ann axis), ii, 
401. 

fluoride, crystal structure of, and 
isomorphism of, with magnesium 
fluoride (Ferrari), ii, 845. 
equilibrium of magnesium fluoride 
and (Tacchini), ii, 122 ; (Bruni 
and Levi), ii, 281. 

hydride (Huttig and Krajewski), 
ii, 296. 

potassium sulphate, crystal structure 
of (Bradley), ii, 638. 
flfcmosulphide, crystal structure of 
(Claassen), ii, 845. 
mam- and di-sulphides (Thomas and 
Jones), ii, 58. 

tungstate, equilibria of, with alkali 
tungstates and tungsten trioxide 
(van Liempt), ii, 421. 

Lithium organic compounds : — 

Lithium benzyl (Hein, Petzchner, 
Wagler, and Segitz), ii, 217. 

Lithium determination and separ- 
ation; — 

determination and separation of 
(Smith and Ross), ii, 601. 

Lithium minerals, analysis of (Guntz 
and Benoit), ii, 1202. 

Liver, physiology of (Bqllmann, Mann, 
and Magath), i, 1496. 
autolysis of the fpulp of (Stepfuhn 
and U tkin-Ljubov zov) , i, 864. 
production of urea in autolysis of 
(McCanoe), i, 472. 
intermediate carbohydrate metabolism 
in (Brugsch and Horsters), i, 
483. 

carbohydrate metabolism and gaseous 
exchange of (Brugsch, Horsters, 
and Shinoda), i, 192. 
proteolytie enzymes of (Zachrisson), 
i, 335 ; ( U tkin-L jubo vzo v), ii, 864. 
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Liver, glycogen content of (Frank and 
Forster), i, 1503, 
effect of insulin on {Com), i, 753. 
lipins and fats in, during fasting and 
phosphorus poisoning (Sacchetto), 
i, 1357. 

metabolism in diseases of (v. Fej&r 
and Het^nyi), i, 725. 
influence of, on protein metabolism 
. (Rosenbaum), i, 464. 
effect of alcohols on sugar in (Lesser), 

i, 613. 

detoxicating function of (Handel), i, 
610. 

Lobelane, and diehloro-, and their salts 
(Wieland and Hermsen), i, 1089. 
and fso-Lobelanidines, and their salts 
and derivatives (Wieland, Schopf, 
and Hermsen), i, 1087, 1089. 
Lobelanine (Wieland, Schopf, and 
Hermsen), i, 1087. 

?t- and iso-Lobelanines, and their salts 
(Wieland, Schopf, and Hermsen), 
i, 1088., 

Lobelia , alkaloids from (Wieland, 
Schopf, and Hermsen), i, 1087. 
Lobelia infiata , alkaloids of (Stenzl), 
i, 347. 

Lobelide, chloro-, and its hydrochloride 
(Wieland and Hermsen), i, 1089. 
Lobeline, and its benzoate hydrochloride 
(Wieland and Hermsen), i, 1089. 
a-Lobeline, preparation of (Boehringer 
Sohn), i, 425. 

Locust tree. See Lobiwia pseudocacia,. 
Loroglossin, occurrence of, in plants 
(Charaux and Delauney), i, 874. 
from orchids (Delauney), i, 487. 
Lucerne (aljalfa), nitrogenous consti- 
tuents of the juice of (Vickery ; 
Vickery and Vinson), i, 1370 ; 
(Viokery and Leavenworth), i, 
873. 

non-volatile organic adds of (Turner 
and Hartman), i, 1124. 
proteins from leaves of (Chibnall 
and Nolan), i, 215. 

Luminescence, decay and regeneration 
of (Viol, Rammer, and Miller), 

ii, 474. 

from a-rays, decay of (Wither), 
ii, 89. 

Lungs, extractives of the (Kaflansky), 
i, 97. 

Lupanine, constitution and derivatives 
of (Thoms and Bergerhoff), i, 575. 
^-Lupanine, isolation of, from Lupinus 
Jcingii (Crouch), i, 1447. 

Lupeose, constitution of (Oastoro), i, 
1244. 

Lupinane, and its picrate (Kalle & Co.), 
i, 294, 


Lupines, studies on (Crouch), i, 1447. 

Lupinus Jcingii, isolation of d- lupanine 
from (Crouch), i, 1447. 

Lupinus liUew , enzymic decomposition 
of .arginine in (Walter), i, 1358. 

Lupinus spathulaius, alkaloid from 
(Couch), i, 61. 

Lupulon, and its deiivatives (WGllmer), 
i, 690. 

Luteolin acetate (Oesterle and 
Wander), i, 1439. 

2;6-Lutidine, 3-amino-, and its hydro- 
chloride (Gulland and Bobinson), 
i, 1186. 

Lutidinic acid, phenyl ester (Meyer), i, 
836. 

4-Lutidone-3-carboxylic acid, ethyl ester 
(Rassweiler and Adams), i, 299. 

4-Lutidone-3:5-dicarboxylic acid, ethyl 
ester (Rassweiler and Adams), i, 
299. 

Lycopin, determination of, colorimetric- 
ally (Connell), i, 214. 

Lymph, changes in, in anaphylactic 
shock (Petersen and Hughes), i, 
724. 

Lysine, synthesis of, in the organism 
(MoGinty, Lewis, and Marvel), 
i, 100. 

synthesis of precursors of (Marvel, 
MaoCorquodale, Kendall, and 
Lazier), i, 234. 

behaviour of, in the liver (Felix and 
Rothler), i, 859. 

Lysolecithin, acyl derivatives of 
(Levene and Rolf), i, 92. - 


M. 

Magnesium, structure of (Collins), ii, 
1023. 

electrolytic preparation of (Ruff and 
Busch), ii, 569: (Harvey), ii, 
570. 

spectrum of (Green and Petersen), 
ii, 451. 

AT-absorption spectrum of (Robinson), 
ii, 614. 

vapour, absorption spectrum of 
(Narayan, Gunnaiya, and Rao), 
ii, 337 ; (Narayan and Rao), ii, 
927. 

arc spectrum of (Ruark), ii,. 1016. 

spark spectrum of (Brown and 
Beams), ii, 913. 

spectra of mixed vapours of the alkali 
metals and (Barratt), ii, 927. 

optical constants of , crystals of 
(Graber), ii, 1041. 

conductivities of (Schofield), ii, 273. 

potential of (Smith), ii, 544. 
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Magnesium, polarisation of, in alkaline 
solution (Jins a and Loris), ii, 45. 
isotopes of (Pilley), ii, 464. 
sizes of electron-kernels of aluminium, 
silicon, sodium, and (Turner), ii, 
349. 

influence of, on pressure in the eye 
(Kaneko), i, 333. 

Magnesium alloys with aluminium 
(Daniels), ii, 103; (Waris), ii, 
786. 

with. aluminium and cadmium 
(Valentin and Chaudron), ii, 
205. 

with cerium, adsorption of hydrogen 
by (Sieyerts and Roell), ii, 854. 

Magnesium compounds, isomorphism of 
beryllium compounds and (Zambo- 
nini and Carobbi), ii, 144. 

Magnesium boride, action of water and 
acids on (Ray), ii, 417. 
carbonate, dissociation of (Centners- 
zwer and Bruzs), ii, 206, 685. 
equilibrium of, in ammoniacal 
solutions (Lafontaine), ii, 785. 
chloride, hydrolysis of aqueous solu- 
tions of, in presence of textile fibres 
(Schwalbe and Schepp), i, 1045. 
fluoride, crystal structure of (Buckley 
and Vernon), ii, 484. 
crystal structure and isomorphism 
of, with lithium fluoride (Fer- 
rari), ii, 845. 

equilibrium of lithium fluoride and 
(Tacohini), ii, 122 ; (Bruni and 
Levi), ii, 281. 

hydroxide, solubility of (Gjaldbaek), 

i, 652, 653. 

precipitation of, electron! etrically 
(Britton), ii, 1203. 
rhythmic precipitation of (Popp), 

ii, 667. 

precipitation of aluminium hydr- 
oxide with (Parisblle and 
Lands), ii, 903. 

oxide (magnesia),) solubility of, in 
water (Rbmy and Kuhlmann), 
ii, 30. 

equilibrium of ferric oxide and 
(PoRESTrER and Ohaudron), ii, 
1159. 

condensation of formaldehyde with 
(Schmalfuss and Kalle),!, 116. 
action of, on silicates at high tem- 
peratures (Tammann and Greve- 
meyer), ii, 580. 

ammonium phosphate, precipitation 
of, in presence of aluminium (Hahn 
and Scheiderer), ii, 69, 
silicate, artificial (Damiens), ii, 812. 
silicide, atomic structure of (Owen 
and Preston), ii, 93. 


Magnesium sulphate, miscibility of 
ammonium sulphate and (Zwei- 
gl6wna), ii, 189. 

equilibrium of sodium chloride with 
(Kurnakov and Shemtschush- 
ni), ii, 299. 

reduction of (Althammer), ii, 145. 
Magnesium organic compounds, lumin- 
escence spectra of (Dufford, Night- 
ingale, and Calvert), ii, 89. 
electrolytic properties of (Kondyrev ; 

Kondyrev and Manojev), i, 529. 
Grignard’s, constitution of (Meisen- 
heimer), i, 527. 

reducing action of (Stas), i, 1052. 
redaction of azobenzene by (Gilman 
and Pickens), i, 1336. 
reaction of cupric chloride with (Gil- 
man and Parker), i, 237. 
action of ethyl hypochlorite on 
(Durand and Naves), i 9 1054. 
action of methyl cyanoformate on 
(Finger and Gaul), i, 1431. 
action of, on naphthaquinones 
(Franssen), i, 1146. 
action of, on nitriles (Breokpot), i, 
14 ; (Bruylants), i, 15 ; (Chris- 
tiaen), i, 23; (Ectors), i, 188; 
(Jaspers), i, 936, 

reactions of, with alkyl sulphonates 
(Gilman and Beaber), i, 802. 
with acyl halides (Tistohenko), i, 
775. 

with di-iodobenzenes (Thomas), i, 
1055. 

alkoxides (Terentiev), i, 110. 
^-anisyl and j?-tolyl bromides, action 
of, on camphor (Leduc), i, 821. 
arsines (Job, Reich, and Vergnaud), 

i, 173, 

arylamines, action of hydrogen per- 
oxide on (Durand and Naves), 
i, 535. 

ethyl bromide, electrical' conduc- 
tivity of (Kondyrev and 
Manojev), i, 529. 
compound of diphenylcarbazide 
and (Feigl ana Lederer), i, 
171. 

halides, etberates of (Meisenheimer, 
Piper, and Lange), i, 1252. 
alkyl halides, reaction of aryl sul- 
phonates with (Gilman, Beaber, 
and Myers), i, 1057. 
alkyl and aryl halides, reducing action 
of (Rheinboldt and Roleff), i, 
542. 

aryl halides, luminescence of (Duf- 
ford, Nightingale, and Culvert), 

ii, 474. 

mercapto -halides, reactions of (Gil- 
man and King), i, 810. 
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Magnesium organic compounds : — 
a-naphtbyl bromide, reactions be- 
tween inorganic antimony com- 
pounds and (Matsumiya), i, 
1472. 

action of metbyl cyanoformate on 
(Finger and Gaul), i, 1431. 
pbenyl bromide, action of, on organic 
acids (Peters, Griffith, 
Briggs, and French), i, 548. 
action of, on j 8 -bromoethyl- 
phthalimide and 7 -bromo- 
propylpbthalimide (Koen and 
Lakner), i, 1276. 

Magnesium detection, determination, 
and separation : — 

detection of (Feigl), ii, 435 ; (Mur- 
mann), ii, 437. 

detection of, in small quantities 
(Hahn), ii, 1095. 

determination of (Congdon and Van- 
derhook), ii, 601 ; (Stewart and 
Archibald), ii, 824. 
determination of, nepbelometrically 
(Kriss), i, 852. 

determination of, in presence of alu- 
minium (Hahn), ii, 601 ; Jander, 
Wendehorst, and Weber), ii, 
715. 

determination of, in copper alloys with 
zinc (Schurmann and Sohob), ii, 
902. 

separation of calcium and (Rodt and 
Kindscher), ii, 158 ; (Luff), ii, 
438. 

Magnesylpyrrole, syntheses with (Oddo), 
i, 295, 978 ; (Oddo and Mingoia), 
i, 978. 

netic permeability, effect of an alter- 
nating field on (Spooner), ii, 487. 
susceptibility and radii of atoms 
(Cabrera), ii, 624. 
and constitution of organic com- 
pounds (Pascal), ii, 624. 

Magnetism, researches on (Woltjer ; 
Woltjer and Onnes), ii, 1038. 
of polymerides (Pascal), ii, 371. 
ana valency of complex salts (Welo 
and Baudisch), ii, 1031. 

See also Ferromagnetism and Para- 
magnetism. 

Magnetite, transformation of, into 
haematite (Welo and Baudisch), 
ii, 845. 

magnetisation of iron cobalt, nickel, 
and (AsHWdRTH), ii, 944. 

Magnetochemistry (Schukarev), ii, 
47, 264. 

of cyclic compounds (Pascal), ii, 
1123. 

Magneton number*, spectroscopic 
(Stoner), ii, 618* 


Ma Huang, ephedrine from (Chen and 
Schmidt), i, 194. 

Mahua flowers, production of acetone 
from (Gokhale), i, 1216. 

Mahua oil, bio-genesis of (Fowler and 
Dinanath), i, 346. 

Maize, influence of soil temperature and 
moisture on (Eckerson and Dick- 
son), i, 217. 

electrosilage of (Beahm), i, 623. 
proteins of (Arbuckle and Thies), i, 
1518. 

vitamin-2? in extracts of (Sure), i, 

212 . 

effect of a diet of, on creatine and 
creatinine excretion (Palladin and 
Kratinoya), i, 1514. 
effect of nitrogen nutrition on growth 
of (Rippel and Ludwig), i, 485. 

Maize kernels, constituents of (Jodidi), 
i, 1027. 

Malachite, formation of, from basic 
copper carbonate (Hepburn), ii, 696. 

Malacon, zirconium and hafnium from 
(Marquis, P. and G. Ukbain), ii, 699. 

Maleic acid, crystal structure of (Yard- 
ley), ii, 1126. 

conversion of, into fumaric acid 
(Terry and Eichelbbrger), i, 780* 
halogenation of (Terry and Eichel- 
berger), i, 631. 

oxidation of, to tartaric acid (Milas 
and Terry), i, 780. 
sodium salt, surface tension of solu- 
tions of (Ribas), ii, 647. • 

esters, transformation of, into fumaric 
esters (MBERWEIN and Weber), i, 
1038. 

Maleic acid, dihydroxy-, decomposition 
of (Goebel), i, 1038. 

Maleinimide, diiodo- (Terentiev and 
Tsohelinoev), i, 295. 

Malic acid, and its salts, action of boric 
acid on the rotation of (Darmois), 
ii, 357. 

decomposition of, by sulphuric acid 
( Whitford), ii, 559. 
audits salts, pharmacology of (Under- 
hill and Pack), i, 1211. 
copper salts, optical activity of (Dar- 
mois), ii, 15* 

lead salt, solubilities of (Auerbach 
and Weber), i, 1130. 
detection of, in tissues (Klein and 
Weiner), i, 871. 

Malic acid, bromo- and chloro- (Kuhn 
and Bbel), i, 781. 

, d- and 2-cbloro-, and their salts (Sonn 
and Kosinsky), i, 1237. 

Malol (Rrvitas and Piohard), i, 345. 

Maloloic acid, and its salts (Riviere 
and Piohard), i, 345. 
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Malonamides, action of hydrazine on 
halogen derivatives of (Hirst, Mac- 
beth, and Traill), i, 1251. 
Malonbenzyl-p-tolylamide, and bromo- 
(West), i, 524. 

Malon-^-bromophenylethylamide, 
bromo- (West), i, 524. 
Malon-^-bromophenylmethylamide, 
bromo- (West), i, 524. 
Malonzsobutylamide, and bromo- 
(West), i, 524. 

Malondrisopropylamide, and broiiio- 
(West), i, 524. 

Malondi-i>-tolylamide, bromo- (West), 
i, 524. 

Malonethylamide, and bromo- (West), 
i, 524. 

Malonetbyl&opropylamide, and bromo- 
(West), i, 524. 

Malonhydrazide (Hirst, Macbeth, and 
Traill), i, 1251. 

Malonic acid, dissociation constants of 
(Britton), ii, 977. 

alkaline earth salts, solubilities of 
(Walker), ii, 769. 

aniline trihydrogen salt (Rambech), 
i, 385. 

esters, velocity of hydrolysis of 
(Skrabal and Matievic), ii, 
36. 

di-fl-chloroethyl esters (Bennett), i, 
884. 

ethyl ester, addition of, to anils 
(Wayne and Cohen), i, 550. 
potassium ethyl ester, electrolysis of 
(Robertson), ii, 1178. 

Malonic acid, halogen derivatives, 
quantitative reduction of, by hydr- 
iodic acid (West), i, 524. 
chloronitro-, ethyl ester (Macbeth 
and Traill), i, 782. 

Malonoguanidic acid (MlT'jgER and 
Palit), i, 1320. 

Malononitrile, halogenation of (Ott and 
Finken), i, 1251. 

Malononitrile, amino-, action of nitrous 
acid on (Grischkevitsoh-Tro- 
ohimovski), i, 1104. 
benzoyl derivative and compounds 
with aldehydes (Grisghkevitsch- 
Trochimovski and Semenoqv), 
i, 1069. 

Malonphenylmetliylamide (West), i, 
524. 

Maloirisopropylamide, and bromo- 
(West), i, 524. 

Malon-^?-tolylamide, bromo- (West), i, 
524 *. , 

Malon-p-tolylisobutylamide, and bromo- 
(West), i, 524. 

Malon-p-tolylethylamide, and bromo- 
(West), i, 524,. 

OXXVIU. ii. 


Malon-jj-tolylmethylamide, and bromo- 
(West), i, 524. 

Malon-jj-toly Ksopropylamide, and bromo- 
(West), i, 524. 

Maltodextrins, nature of (Ling and 
Nanji), i, 516. 

Maltose, octa-acetyl derivative and 
chloro-, hepta-acetyl derivative (Free- 

DENBERG, V. HOCHSTETTER, and EN- 

gels), i, 635. 

Mandelic acid, configuration of, and its 
acetyl, benzoyl, and cinnamoyl de- 
rivatives, esters of (Freudenberg 
and Markert), i, 1275. 
hydroxylamine salt (Oesper and 
Ballard), i, 1233. 

Mandelonitrile, transformation of, to 
the iso-form (Wood and Lilley), i, 
400. 

Manganese, occurrence of, in soils, 
plants, and animals (McHarghe), 

i, 1023. 

atomic volume of (Campbell), ii, 762. 
crystal structure of (Westgren and 
PHRAGMilN), ii, 1035. 

K doublets in spectrum of (Seljakov 
and Krasnikov), ii, 914. 
spark spectrum of (L. and E. Bloch), 

ii, 829. 

electro-deposition of (Allmand and 
Campbell), ii, 305 ; (Brezina), ii, 
676. 

ionised, ionisation potential of (Har- 
tree), ii, 918. 

allotropy of (Bradley), ii, 1124. 
Manganese alloys with copper, crystal 
structure of (Patterson), ii, 1180. 
with copper and iron (Ostermann), 
ii, 1050. 

Manganese compounds in arable soils 
(Bertrand), i, 223. 

Manganese arsenates (Deiss), ii, 893. 
halides, ammoniates of 1 (Biltz and 
Rahlfb), ii, 1191. 

oxide, colloidal (Anargyros), ii, 1152. 
dioxide, colloidal, formation of, in 
reduction of permanganates (Ge- 
loso), ii, 661. 

oxidation of carbon monoxide and 
of hydrogen by (Frazer and 
Greider), ii, 1064. 
hydrated, adsorption of silver by 
(Pavlov), ii, 507. 

phosphates, equilibria of formation of 
(Grebe and Stabsohe)., ii, 893. 
selenide (Moser and Atynsici), ii, 
583. 

sulphate, equilibrium of aluminium 
sulphate, water, and (Caven and 
Mitchell), ii, 396, 

Manganic fluoride, orthoarsenate and 
phosphates (Travers), ii, 586. 

56 
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Manganese : — 

Manganous salts, oxidation of, to 
permanganic acid (Travers), ii, 
585. 

hydroxide, precipitation of, electro- 
metrically (Britton), ii, 1203. 
Permanganates, thermal decomposi- 
tion of (Moles arid Crespi), ii, 
877. 

mechanism of reduction of (Hol- 
luta), ii, 49, 407. 
effect of a magnetic field on the re- 
duction of (Parker and Armes), 
ii, 683. 

reduction of, hy arsenious acid 
(Travers), ii, 585 ; (Geloso), 

' ii, 661. 

reduction of, by ferrous salts and by 
iodides (Muller and Moller- 
ing), ii, 305. 

spectrophotometric determination of 
the oxidising power of (Gombos), 
ii, 237. 

oxidation of unsaturated compounds 
with (FTametkin), i, 1145. 
catalysis of the reaction of oxalic 
acid with (Ridley), ii, 689. 

Manganese detection, determination, 
and separation : — 

detection of, without nitric acid 
(LongineScu and Petrescu), ii, 
1206. 

determination of (Jarvinen), ii, 
602. 

determination of, volumetrically 
(Angelescu), ii, 330 ; (Heczko ; 
Hackl), ii, 440. 

determination of, in hydrofluoric acid 
solution (Holluta and Obrist), ii, 
160. 

separation of cobalt, nickel, zinc, and 
(Lemarchands), ii, 242. 

Manganese steel, hardness of (Bene- 
dicks), ii, 188. 

Manganolangbeinite from Vesuvius 
(Zambonini and Cabobbi), ii, 898. 

Mannito-aluminates (Herasymenko), 
i, 774. 

Mannitol, formation of, by bacterial 
fermentation of sugars (Stiles, 
Peterson, and Fred), i, 1216. 
solubility of mixtures of boric acid 
and (Hermans), i, 501. 
fermentation of, by yeast (Lvov), 
i, 1509. 

^-Mannitol from Gardenia turgida 
(Forster and Kao), i, 1295. 

Mannobiose, and its phenylhydrazone 
(Pringsheim and Genin), i, 214. 

Mannose, di&opropylidene ether, consti- 
tution 'of (Freundenberg and W olf) , 
i, 367. 


Manometer, glass, for gases attacking 
mercury (Klbmenc), ii, 995* 
lever (Frank), ii, 995. 
mercury (Swan), ii, 707. 
tilling of (Weatherill), ii, 896. 
Manures, iodine in (v. Fellenberg), 
i, 347. 

artificial, physiological reactions of 
. salts used as (Kappen and 
Lukacs), i, 1523. 

determination of urea oxalates in 
(Sabalitsohka and Rubisch), 
i, 347. 

stable, nitrogen in (Sani and Grilli), 

i, 218. 

Margosa oil, physiological action of 
(Nord and Schweitzer), i, 734. 
Marking nut. See Semccctrpus ana - 
cardium. 

Marmite, effects of yeast and of, on 
calcification (Korenchbvsky and 
Carr), i, 211. 

Martensite (Wheatley), ii, 488. 
formation of, in carbon steel (Honda), 

ii, 972. 

beat of transformation of (Schneider), 
ii, 95. 

Mass action, constant of (KlHeman), 
ii, 1170. 

Mass action law for gases (Gillespie), 
ii, 532. 

Masurium (Noddaok, Taoke, and 
Berg), ii, 939. 

Matter, theory of state of (Schuster), 
ii, 951, 1142. 

properties of (Weissenberg), ii, 
1129. 

optical constants of (Darwin), 
ii, 2. 

and radiation (Stern ; Wbstphal), 
ii, 926. 

living, chemical processes in (Cko* 
zier), i, 101. 

representation of analyses of 
(Vernadski), i, 606, 

Mattexwhia orientalise constituents of 
(Munesada), i, 620. 

Matteuoinol (Munesada), i, 620. 
Mauveiue, preparation of (Oobenzl), 
i, 436. 

Meat, effect of cooking on (Richet and 
Moncbaux), i, 859. 

Meconic acid, manganous salts (Ver- 
kade), i, 421. 

m-MeeoniiLe, nitratioh of (Kay and 
Robinson), i, 1153. 

Meconines, synthesis of (Edwards, 
Perkin, and Stoyle), i, 404. 
Melaleuca erubmem ana hypericifolia, 
oils from (Penfold), 1, 688. 

Melamine, rfr&yano-, and its salts 
(Burdick), i, 1048. 
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Melampyrmi arvense and pratense^ 
chauges in, during growth (Braecke), 

i, 619. 

Melanin in urine, and its detection 
(Aufrecht), i, 1350. 

Melanins (Heinlein), i, 449. 
absorption spectrum of (Gallerani), 
ii, 266. 

Melibiose octamethyl ether (Schltjbach 
and Rauchenberger), i, 889. 

Melilite, composition of (Winchell), 

ii, 152 ; (Gossner), ii, 821. 

Melonie acid, silver and sodium salts 

(Burdick), i, 1048. 

Melting point and critical temperature 
(van Laar and Lorenz), ii, 374. 
relation between boiling point, critical 
temperature, and (Prud’homme), 
ii, 99. 

of benzene derivatives (Pastak), ii, 
759. 

of halides of the fourth group 
(Hantzsch and Carlsohn), ii, 
1044. 

of inorganic compounds and of elements 
(Friederich and Sittig), ii, 
848. 

Membranes, equilibria with (Huckel), 
ii, 528, 668. 

permeability of (Bancroft and Gur- 
ohot), ii, 110. 

permeability and electrical properties 
of (Michablis), ii, 1150 ; (Fujita), 
ii, 1151. 

collodion, diffusion of water through 
(Adolph), ii, 859. 
protein films on (Hitchcock), ii, 
1054. 

for physico-chemical analysis 
(Fouakd), ii, 324. 

mammalian serous, electro-endosmosis 
through (Mudd), i, 468, 1355. 
semi-permeable, equilibria with 
(Kameyama), ii, 1062 ; (Schrbine- 
MAKERS), ii, 1062, 1063. 

Men, calcium and phosphorus meta- 
bolism in (Heinelt), i, 1497, 

Mentha pulegium^ A^inenthen^-one in 
oil from (Morani), i, 146. 

A 3 -Menthene nitrosochloride (Merej- 
kovski), i, 1291. y 

Menthol, surface tension of aqueous 
solutions of (Edwards), ii, 387, 

Z-Menthol, catalytic oxidation of (Ko- 
matsu and Kurata), i, 687, 

Menthols, and their derivatives, from 
2-chloro-5-methylc2/cZohexanols (Be- 
dos), i, 1078, 

Menthone, and its derivatives (Bedos), 
i, 1078. 

condensation of, with p-tolualdehyde 
(Samdahl), i, 414. .< 


Z-Menthone, catalysis of inversion of 
(Komatsu and Kurata), i, 1290. 
Menthones, catalytic formation of, from 
Z-menthol (Komatsu and Kurata), 
i, 943. 

Menthyl compounds, crystallography of 
(Greenwood), ii, 1037. 

Z-Menthyl sodium cfo'thiocarbonate 
(Holmberg and Rosen), i, 1291. 

Z- O-Menthyl-W-dimethylthiourethane 
(Holmberg and Rosen), i, 1291. 

Z- (9- Menthyl-W-methylthio urethane 
(Holmberg and Rosen), i, 1291. 
5-Menthylsemicarbazide, and its deriv- 
atives (Wilson and Crawford), i, 
318. 

Z-O-Menthylthiourethane, and its deriv- 
atives (Holmberg and Rosen), i, 
1291. 

Mcnyanthes trifolicita, constituents of 
(Zellner), i, 763. 

Mercaptans, alkylation of (Gilman and 
Beaber), i, 811, 

Mercapturic acid, synthesis of, in dogs 
(Coombs and Held), i, 1496. 
Mercellulose (Dehnert and Konig), 
i, 370. 

Mercuration of aromatic compounds 
(Coffey), i, 844. 

Mermrialis (Haas and Hill), i, 759. 

seeds of (Gillot), i, 1224. 

Mermrialis perennis, extraction of 
maltose from tubers of (Gillot), i, 
487. 

Mercuric salts. See under Mercury. 
Mercury, spectrum of (Wood), ii, 339, 
1015; (Turner and Compton; 
Fukuda), ii, 613. 

shifting of lines in the spectrum of 
(Fukuda), ii, 1101. 
spectrum of illuminated vapour of 
(Gross and Terenin), ii, 915. 
arc spectrum of (Takamine and 
Fukuda), ii, 166, 725 ; (Ray- 
leigh), ii, 738; (Nxobols and 
Tear), ii, 917. 

and its excitation (Eldridge ; Hay- 
ner; MoOurdv, Turner, and 
Compton), ii, 1102. 
atomic and band spectra of (Hul* 
THiiN),ii, 1113, 

band spectrum of (Hulth^n), ii, 11, 
470, 

resonance spectrum of, in a magnetic 
field (Fermi and Rasetti), ii, 
839. 

vapour, resonance fluorescence spec- 
trum of (Rump), ii, 473. 
spark spectrum of (Bayen), ii, 168 ; 

(Carroll), ii, 1101. 
ultra-red spark spectrum of (Laffay), 
ii, 334. 
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Mercury vapour, fluorescence of (Wood), 
ii, 3 ; (Ghosh), ii, 1026. 
resonance fluorescence of (Stuart ; 
Hanle), ii, 629. 

radiation excited in (Hayner), 
ii, 1017. 

resonance radiation of (Noyes), 
ii, 573. 

polarisation of the resonance radi- 
ation of (Fermi and Rasetti), 
ii, 4:73 ; (Ramanatban), ii, 729. 
glow discharge in (Compton, Tur- 
ner, and McCurdy), ii, 86. 
ionisation of (Tuve ; Tate), r ii, 
1106. 

by ultra-violet light (Rouse and 
Giddings), ii, 919. 

photo-electric effect of small drops of 
(Wasser), ii, 80. 

electrolytic behaviour of (Liebreich 
and Wiederholt), ii, 44, 
electrolytic purification of (Brummer 
and v. NAray-Szab 6), ii, 303. 
capillary and photo-electric properties 
of (Popesco), ii, 952. 
influence of colloidal solutions on the 
electrocapillarity of (Sandera), ii, 
659, 

electrical resistance of, in magnetic 
fields (Jones), ii, 754. 
polarisation of, in alkaline solution 
(Jirsa and Loris), ii, 45. 
isotopes of (Metcalfe and Yenka- 
tesaohar), ii, 82 ; (Stumpf), ii, 
619 ; (Aston), ii, 833. 
saturation pressure of (Bernhardt), 
ii, 492. 

molecular weight of, at varying temper- 
atures (Jouniaux), ii, 23. 
atoms, metastable forms of (Mar- 
shall), ii, 339 ; (Rasetti), ii, 340. 
life of excited atoms of (Gerlach 
and SoHffTz), ii, 171. 
heat of dissociation of, calculated from 
the baud spectrum (Koernioke), 
ii, 848. 

vapour, diffusion of, through nitrogen 
(Mullaly and Jacques), ii, 27. 
velocity of diffusion of metals in 
(Cohen and Bruins), ii, 648. 
adsorption of vapours at the surface of 
(Iredale), ii, 508. 

adsorption coefficient of electrons in 
, vaponr of (Brode), ii, 1020, 
adsorption of, by platinum (Maxted), 
ii, 384. 

vaponr, trapping of, with potassium 
(Hughes and Poindexter), ii, 

; 895. 

colloidal, colour of (Feick), ii, 1153. 
action of chlorine on (Getman), ii, 
59. 


Mercury, conversion of, into gold 
(Haul), ii, 177 ; (Nagaoka), ii, 
835, 1111 ; (Stammreich), ii, 1208, 
combination of helium and (Manley), 
ii, 57, 314, 696 ; (Lind and Bard- 
well), ii, 1181. 

photochemical reactions of, with oxygen 
and nitrogen dioxide (Noyes), ii, 
1081. 

purification of (Russell and Evans), 
ii, 1205. 

distillation apparatus for (SviDA), 
ii, 428 ; (Wetzel), ii, 589. 

Mercury alloys (amalgams), dilute, 
electrical conductivity of (Wil- 
liams), ii, 946. 

velocity of reaction of, with aqueous 
solutions (Klein), ii, 802. 
use of, in volumetric analysis 
(Someya), ii, 904, 1201. 
with aluminium, reduction of sugars 
by (Nanji and Paton), i, 117. 
with bismuth, lead, and tin, electrolysis 
of (Kremann, Kapaun, and Bud- 
an), ii, 313. 

with cadmium, with calcium, and with 
potassium, electrolysis of (Kre- 
mann, Muller, and Ortner), 
ii, 132. 

with copper and silver (Tammann and 
Stassfurth), ii, 377. 
with potassium and sodium, effect of 
light on the action of water with 
(Bhatnagar, Prasad, and Mu- 
kerji), ii, 811. 

with silver and tin (Tammann and 
Dahl), ii, 502. 

with sodium, preparation of (Read 
and Luoarini), ii, 587. 
electrolysis of (Kremann, Miller, 
and Kienzl), ii, 132. 

Mercury compounds, antiseptic action 
of (Joachxmoglu and Klissiunis), 

i, 466* 

with ammonia salts (Ray and Bando* 
radhyay), ii, 813. 

complex, spectrographic study of 
(Job), ii, 887. 

Mercury halides, solubilities of, in 
aqueous glycerol (Moles and 
Marquina), ii, 283. 
ammoniates of (Biltz and Mau), 
ii, 1184. 

helide (Manley), ii, 314, 696. 
hydride, band spectrum of (Lubloff), 

ii, 1113. 

sulphides, crystal structure of (Buck- 
ley and Vernon), ii, 1037. 
Mercuric salts, action of hydrogen 
sulphide on (PElabon), ii, 986. 
complex halides of (Naik and 
Avasarb), ii, 221. 
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Mercury : — 

Mercuric salts, determination of, volu- 
metrically (Ellman), ii, 1205. 

Mercuric bromide, reduction of, by 
sodium formate (Bourion and 
Picard), ii, 685. 

oxybromides, formation of (P^la- 
bon), ii, 697. 

chloride, equilibrium of ammonium 
and potassium chlorides, water, 
and (Osaka and Ando), ii, 123. 
antiseptic action of, in various 
solvents (Hellenbrand and 
JOAOHIMOGLU), i, 466. 
additive compound of 3:5-di- 
bromo-o-toluidine and (Hann 
and Spencer), i, 653. 
oxychlorides (PiSlabon), ii, 222. 
halides, double salts of, with corre- 
sponding halides of potassium 
and sodium (Tourneux and 
Pernot), ii, 380. 

hydroxide, precipitation of, electro- 
metrically (Britton), ii, 1204. 
iodide, allotropy of (Bokhorst and 
van der Zee ; Damiens), ii, 
490. 

selenide (Moser and Atynski), ii, 
583. 

sulphide, crystal structure of (Kolk- 
meijer, Bijvoet, and Kars- 
sen), ii, 93, 145, 484. ' 
sols, formation of (MokosOv), ii, 
197. 

telluride (Brukl), ii, 895. 

Mercurous salts, potentiometric de- 
terminations with (Miller and 
Aarflot), ii, 65. 

action of ammonia on (Feigl and 
Sucharh>a), ii, 1184. 

Mercurous chloride, preparation of, in 
saturated potassium chloride for 
use in the calomel electrode 
(Ewing), ii, 571. 

halides, crystal structure of (Havig- 
hurst), ii, 748. 

Mercury organic compounds (Albert), 
i, 844. 

colloidal (Rossi and Booohi), i, 601. 

bactericidal action of (Henry, Sharp, 
and Brown), i, 1006. 

unsymmetrical, preparation and de- 
composition of (Kharasch and 
Grafflin), i, 1107. 

. with 1-phenylpyrrole (Plancher and 
Rossi), i, 601. 

Mercury diaryls, compounds of, with 
diphenylcarbazide (Feigl and Led- 
brer), i, 170. 

mercaptide, compounds of mercury 
sulphide and (Sachs and Balassa), 
i, 1034. 


Mercury a-naphthyl compounds, re- 
actions of arsenic trichloride with 
(Matsumiya), 1, 1339. 

di-bromo-, -chloro-, and -nitro-phenyls 
(Hein, Wagler, and- B etter), i, 
1341. 

di-m-chloro-^-aminophenyl (Veo- 

chiotti and Miohetti), i, 1058. 

Mercuric methyl carbylamine and 
cyanide (Enklaar), i, 1394. 

Mercuri-^-benzyloxybenzoic an- 
hydride, hydroxy- (Farbenfabri- 
ken vorm. F. Bayer & Co. ), i, 1473. 

Mercuribis(hydroxymercuri-j8- 
naphtholazobenzenesulphonic acid) 
(Proskouriakoff and Raiziss), i, 
1108. 

Mercuribis(nitrobenzeneazosalicylic 
acid) (Proskouriakoff and Rai- 
ziss), i, 1108. 

Mercuribis-o-thiolbenzoic acid, and 
its salts and derivatives (Sachs 
and Blkssl), i, 1274. 

Mercuri-2-chloroanilines (Yecchiotti 
and Michetti), i, 1058, 

Mercuridihydroxyazobenzenesul- 
phonic acid, dzhydroxy-, and its 
potassium salt (Proskouriakoff 
and Raiziss)* i, 1107. 

Mercuriethoxychaulmoogric an- 
hydride, hydroxy- (Dean, Wren- 
shall, and Fujimoto), i, 545. 

Mercurihydroxyazohenzeneeulphonic 
acid, dihydroxy-, and its sodium 
salt (Proskouriakoff and Rai- 
ziss), i, U08. 

Mercuri-£ -naphtholazohenzenesul- 
phonic acid, ^hydroxy- ( Proskou- 
riakoff and Raiziss), i, 1108. 

Mercuri-o-phenoxybenzoic anhydride, 
hydroxy. (Farbrnfabrikbn vorm. 
F. Bayer & Co,), i, 1473. 

Mercurisalicylie acids, 8- and 5- 
cyano-, and their salts (Boedecker 
and WuNstorf), i, 1107. 

Mercurisulphophenoxide, sodium salt 
(SaOCHARIN-FaBRIK AKTrEN- 

Geskllschaft vorm. Fahlberg, 
List & Co.), i, 1197. 

Mercurisulphotolyloxide, sodium salts 
( Sacch arin-Fabrik Aktien- 

Gesellsohaft vorm. Fahlberg, 
List & Co.), i, 1197. 

Mercury determination and separ- 
ation; — 

determination of, volumetrically, with 
potassium cyanide (Rupp, Wegner, 
ami Maibs), ii, 716. 

separation of copper and (Spaou), ii, 
1004. 

separation of iron from (Spaou), ii, 
1206. 
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Mercury cathode. See Cathodes. 
Mercury lamp. See Lamp, 

Meriandra henghalensis , constituents of 
oil of (Palazzo and Alin am), i, 418. 
Merrillite in meteorites (Shannon and 
Larsen), ii, 321. 

Mesaconic acid, esters, action of am- 
monia on (Stosius and Philippi), 
i, 892. 

Mesitylene, wco'-dibromo-, preparation 
of (v. Braun and Engel), i, 382. 
Mesityl oxide, p-nitrophenylhydrazone 
of (v. Auwers and Kreuder), i, 1454. 
Mesobilirubin and its copper salt, and 
bromo- (Fischer and Niemann), i, 
1198. 

Mesobilirubinogen, absolution coefficient 
of (Niemann), i, 1206. 

Mesoporphyrin, conversion of, into 
jetioporpbyrin (Fisoher and Muller), 
i, 845. 

Mesotborium, jS-ray spectrum of 
(Black ; Thibaud), ii, 10. 
MeHOthorium-2, magnetic spectrum of 
j8-rays from (Yovanovitch and 
D’Espine), ii, 85. 

y-ray spectrum from (Thibaud), ii, 
85. 

period of (Widdowson and Russell), 
ii, 463. 

Metabolism in avitaminosis (Shinoda), 
i, 610. 

influence of sexual glands on 
(Korknghevsky and Carr), i, 
1513. 

of aromatic acids (Cerecedo and 
S.herwin), i, 100. 

human, of ammonium salt and urea 
(Adolph), i, 1353. 

calcium, in laying hens (Buckner, 
Martin, and Peter), i, 190. 
in man (Jansen), i, 190. 
calcium and creatine, effect of para- 
thyroid feeding on (Woodman), i, 
1210. 

calcium and phosphorus, effect of 
irradiation and diet on (Hen- 
derson), i, 485. 
in men (Heinelt), i, 1497. 
carbohydrate (Lundsgaard and 
Holb^ll), i, 1494. 
in relation to blood phosphates 
(Bolliger and Hartman), i, 
1000. 

hormone regulation of (Gott- 
sohalk), i, 481. 

in the liver (Brugsch and Hors- 
ters), i, 483. 

in liver diseases (v. FejEr and 
HetEnyi), i, 725. 

of tumours (C. F. and G. T, Cori), 
i, 999. 


Metabolism, intermediate carbohydrate, 
effect of insulin on (Brugsch and 
Horsters), i, 208. 

cholesterol, effect of insulin on (Nit- 
zEScuand Cadariu), i, 1364. 
creatine and purine, relation of hist- 
idine and arginine (Rose and 
Cook), i, 1008. 

cystine, in children (Lignag), i, 610. 
of frogs (Hsu), i, 1208. 
of galactose (Rowe and Chandler), 
i, 1354. 

of glycerol in diabetes (Chambers and 
Deuel), i, 1352. 
of glyoxalines (Letter), i, 1003. 
lactic acid, in the animal organism 
(Meverhof and Meier), i, 612. 
effect of insulin and other substances 
on (Collazo and Supniewsiu), 
i, 342. 

in diabetes (Collazo and Lewicki), 
i, 1364. 

mineral, in the animal organism 
(Sasaki), i, 331. 

in lactation, effect of ultra-violet 
light on (Qrr, Magee, and 
Henderson), i, 1210, 
of cows (Monroe and Prriuns ; 
Miller, Yates, Jones, and 
Brandt), i, 1498. 

nitrogen, action of acetoacetic acid 
on (LabbE and Lavagna), i, 
191. 

of ruminants, effect of asparagine 
and ammonium nitrate on (Star* 
zbwska), i, 1115. 

and sulphur, relation between 
(Wilson), i, 729 ; (Beuffert, 
Ito, and Yokoyama), i, 780. 
human, effect of iodides on 
(Grabfield and Prentiss), i, 
1002. 

of isolated organs, effect of amino- 
acids on (Melon), i, 190. 
phosphate (Demuth), i, 1497* 
phosphoric acid,m the submaxillary 
gland (Camis), i, 191. 
phosphorus, of moulds (SohnAoke), 
i, 204. 

of pigments (Korthchagin), i, 200, 
protein, effect of ultra-violet light on 
(Yoshine), i, 1356. 
influence of liver on (Rosenbaum ), 
i, 464. 

purine, in diabetes (Le Breton and 
Kayser), i, 610. 
in man (Harpudrr), i, 613. 
of sulphur (Lewis), i, 1354- 
tryptophan (Robson)^ i, 297* 
Metacyanilic acid, and its salts and 
derivatives (WlELAND), i, 1048* 
Metaindene (Stobbe and FXrber), i, 20* 
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Metals, structure of (Czgchralski), ii, 
186. 

theory of (Frenkel), ii, 479. 
mixed vapours of, absorption spectra 
of (Barr att), ii, 927. 
and their salts, cathode spectra of 
(Kimura and Hakamura), ii, 166, 
167. 

reflective power of (Ebeling), ii, 643. 
electron theory of (Ornstein), ii, 
733. 

kinetic theory of conduction of 
(Davies and Livens), ii, 630. 
theory of conductivity of (Cassel ; 
Wole), ii, 942. 

electrical conductivity of (Simon), ii, 
94. 

and their place in the periodic 
system (Erstbin), ii, 623. 
electrical conductivity of films on 
(Tammann and Bredemeier), ii, 
541. 

effect of a magnetic field on the 
electrical resistance of (Williams), 
ii, 753. 

photo-electric resistance of, at low 
temperatures (Bartlett), ii, 943. 
photo-electric effect on films of 
(Gross), ii, 344. 

used as electrodes, polarisation of 
(Dresbach and Hobmer), ii, 1068. 
electrodeposition of, from non-aqueous 
solutions (MAller, Pinter, and 
Prett), ii, 882. 

deposition of, by molecular radiation 
(Esxermann), ii, 1053. 
from pyridine (Muller, Holzl, 
Knaus, Planiszig, and Prett), 
ii, 133 ; (Miller, Honig, and 
Konetschniss), ii, 134. 
emission of electrons by (Becker), ii, 
616 ; (Roller), ii, 617. 
electrode potential of (Hbyrovsk£), 
ii, 404. 

potentials of, against pure water 
(Smits, Gerding, aud Kroon), ii, 

795. 

potential difference between electro- 
lytes and (Guyot), ii, 402. 
potential changes in (Dowling), i, 

796. 

fall of potential in the gas emitted 
from glowing (v. Laue and Sen), 
ii, 7. 

lattice constants of (Davey), ii, 747. 
passivity of (Becker and Hilberg), 
ii, 405 ; (Bussell), ii, 406. 

, influence of anions on (Rothmund, 
Eisenkolb, and Steinherz), ii, 
131. 

anodic behaviour and passivity of 
(Sbqrgi), ii, 550, 


Metals, influence of colloids on cnthodic 
overvoltage of (Marie and Le- 
jeune), ii, 115. 

Hall and other effects in (Hall), ii, 
846. 

ionisation of (Pisarshevski), ii, 210. 
escape of positive ions from (Gunther- 
Schulze), ii, 342. 
free electrons with (Hall), ii, 252. 
emission of electrons from films of, 
exposed to Rontgen rays (Simons), 
ii, 81. 

bombardment of, by electrons (Farns- 
worth), ii, 169. 

specific heat of (Behrens and Druc- 
ker), ii, 24. 

heats of oxidation of (Moose and 
Parr), ii, 208. 

relation between density and temper- 
ature of condensation of vapours of 
(Estermann), ii, 962, 
elastic modulus of (Widder), ii, 1043. 
corrosion of (Maass and Liebreich), 
ii, 140 ; (Evans), ii, 688 ; (Whit- 
man and Russell), ii, 689. 
by acids in capillaries (McCul- 
loch), ii, 879. 

by carbon tetrachloride (Rhodes 
and Carty), ii, 1084. 
by naphtha solutions of sulphur 
and its compounds (Wood, 
Sheely, and Trusty), ii, 980. 
self-diffusion in (Hevesy and Obrut- 
sheva), ii, 500. 

velocity of diffusion of, in mercury 
(Cohen and Bruins), ii, 648. 
hardening of (Sohiebold), ii, 186 ; 

(PolAnyi ; Sachs), ii, 370. 
effect of temperature on hardness of 
(Sauerwald and Knehans), ii, 
279. 

adhesion between surfaces of (Sauer- 
wald and Jabnichen), ii, 387. 
fusion of (Jouniaux), ii, 645. 
effect of alloying and cold-drawing on 
crystals of (Rosbanu and Schmidt), 
ii, 488. 

cold working of (Gbiss and van 
Liempt), U, 372. 

tensile strength of, in relation to 
temperatureafcd cold work (Ingall), 
ii, 190. 

temper colours of (Mason), ii, 108 ; 
(Bangham and Stafford), ii, 138 ; 
(Evans), ii, 288. 

transparent films on (MAller), ii, 
1039. 

deformation and recrystallisation of 
(Glocker), ii, 272. 
volume of chaunels to the surface of 
(Tammann and Bredemeier), ii, 
388. 
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Metals, change in volume of, during 
solidification (Endo), ii, 281. 
periodic dissolution of (Hedges and 
Myers), ii, 309. 

equilibrium in systems of, in relation 
to the ideal solubility curve (An- 
drews and Johnston), ii, 206. 
equilibria of fused salts with (Lorenz ), 
ii, 536, 537. 

action of ammonium chloride vapour 
on (Hofmann, Hartmann, and 
Nagel), ii, 685. 

action of iodine on (Parsons), ii, 880. 
action of nitric acid on (Dhar), ii, 
315. 

affinity of, for sulphur (Jellinek and 
Zakovski), ii, 401, 
replacement of, from solutions of their 
salts (Bergstrom), ii, 885. 
precipitation of, from their salts, by 
metals in liquid ammonia (Kraus 
and Kurtz), ii, 577. 
of the cerium group, double nitrates 
of copper and cadmium with 
(Carobbi), ii, 222. 
colloidal. See Colloidal metals, 
crystalline (Gruneisen and Goens), 
ii, 22, 488. 

finely-divided, catalysis by (Fgresti), 
ii, 692. 

of Group III, separation of, and 
phosphoric acid (Jarvinen), ii, 
602. 

heated, emission of ions from (Roy), 
ii, 731. 

of the iron group and their alloys as 
catalysts (Remy and GOnningen), 
ii, 1178. 

noble, catalytic action of (Zelinski 
and Tukova-Pollak), i, 1052, 
of the platinum group, arc spectra of 
(Meggers), ii, 454. 
colloidal, catalytic action of (Paal 
and Sorters), ii, 1072 ; (Remy 
and GOnningen), ii, 1176 ; 
(Dufaro, Wenger, and Urfer), 
ii, 1177. 

and their alloys, synthesis of water 
with (Remy and Schaeffer), 
ii, 563. 

rare, fusion of ores of (Sears and 
Quill), ii, 580. 

determination and separation of 
(Moser and Lessing), ii, 718. 
strained, Rontgen ray analysis of 
(Ono), ii, 746. 

determination of, in amalgams 
(Russell and Evans), ii, 1205. 

Metal anxmines, composition of ions of 
(be Wijts), Ii, 889. 

Metal ammoniums (Kraus and John- 
son), ii, 389. 


Metal wires, influence of occluded gas 
on the electrical resistance of 
(Sexl), ii, 642. 

exploded, spectra of (Smith), ii, 1017. 
heated, emission of electrons by 
(Rolla and Picoardi), ii, 1018. 

Metallic bromides, decomposition 
potentials of, in molten aluminium 
bromide (Isbekov), ii, 796. 
chlorides, vapour pressure of (Maier), 
ii, 850. 

use of, in decomposition of aliphatic 
acids (Mailhe), i, 503. 
fused, electrical conductivity of 
(Biltz and Klemm), ii, 127. 
couples, decomposition of water by 
(Hedges and Myers), ii, 306. 
halides, ultra-violet absorption spectra 
of (Getman), ii, 837. 
reduction of, by hydrogen (dr 
Carli), ii, 51. 

dithiolated, heats of chelation of 
(Morgan, Carter, and Harri- 
son), ii, 1042. 

hydroxides, electrometric precipitation 
of (Britton), ii, 1203, 1204. 
ageing of (Friqke), ii, 578. 
amphoteric (Jander and Sohulz), 
ii, 701. 

iodides, action of ajS-dibromo-cora- 
pounds on (van Duin), i, 802; 
(Conant, Kirnkr, and Hussey), 

i, 803. 

and selenides, preparation of 
(Fischer), ii, 808, 

lustre (Bancroft and Allen), ii, 658. 
oxides, adsorption of vapours by 
(Pearoe and Alvarado), ii, 38L 
dissociation of (Born), ii, 785. 
reduction of, by alkali cyanides 
(Haokspill and Grandadam), 

ii, 419. 

lower, preparation of (Friedrich 
and Sittig), ii, 889* 
solid, reactions between (BaXjA* 
reff), ii, 898. 

salts, scattering of light by solutions 
of (Swbitzer), ii, 512. 
electrical conductivity as an in- 
dicator in titration of, with 
alkali hydroxides (Demjanov- 
ski), i, 1113, 

temperature of vapours above boil- 
ing solutions of (Bahlkr and 
Wilson), ii, 514. 

thermal ionisation of (Rolla and 
Picoardi), ii, 1018. 
vapour pressure of (Lorenz and 
Herz), ii, 493. 

molecular volumes of, at the melt- 
ing point (Lorenz and Herz), 
ii* 840, 
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Metallic salts, solubilities of, in organic 
solvents (Muller), ii, 380. 
solvolysis of, in sulphuric acid 
(Davidson), ii, 505. 
compounds of, formed in the electric 
arc (Peczalski and Mokrzycki), 
ii, 814. 

oxidation of, by oxygen (Reinders 
and Yles), ii ; 308. 
polyatomic, dissociation of (Sa- 
saki), ii, 512. 

solid, electrical conductivity of, in 
relation to their spectra (Vail- 
lant), ii, 165. 

separation of, by fractional precipit- 
ation (Ruff and Hirsoh), ii, 992. 
See also Salts. 

sulphates, thermal decomposition of 
(Marchal), ii, 870, 1162. 
sulphides, electrolytic preparation of 
(Fischer), ii, 807, 
of the heavy metals, analysis of 
(Feigl, Pavelka, and Sohac- 
herl), ii, 70. 

tellurides, preparation of (Brukl), 
ii, 895. 

Metallography, modified reflexion in 
(Czoohralski), ii, 487. 

Metastability, in relation to physical 
constants (Cohen), ii, 1138. 
and allotropy (Cohen and Helder- 
man), ii, 23 ; (Cohen and Moes- 
veld), ii, 374, 950. 

Meta-stationary states (Smekal), ii, 

1022. 

Meteorites, merrillite and chlorapatite 
irt (Shannon and Larsen), ii, 321. 
iron-nickel, structure of (Vogel), ii, 
709. 

Methsemoglobin (Conant and Fiesbr), 
i, 455. 

formation of (Neill and Hastings ; 

Klein), i, 709 ; (Meier), i, 1476. 
re-formation of (Sakurai), i, 1199. 
oxidation-reduction of (Neill), i, 868, 
993. 

oxygen content of (Quagliarjello), i, 
89 ; (Nicloux and Roohe), i, 993. 
determination of (Conant and Fie- 
ser), i, 456. 

Methane, catalytic formation of (Chak* 
ravarty and Ghosh), ii, 1175. 
equilibria in formation of (Neumann 
and Jacob), ii, 532. 
and its homo logues, diffusion of light 
by (Cabannes and Gauzit), ii, 1030. 
critical potential of, and its ultra-violet 
absorption (Glocker), ii, 262. 
influence of vapours of organic liquids 
on the inflammability of mixtures 
of air and (Jorissen and Meu- 
wissen), ii, 53. 


Methane, halogen derivatives, reactivities 
of, with various reagents (Pet- 
renko- Kritsohenko, Talmud, 
Butmi de Katzman, and Gandel- 
man), ii, 802. 

bromonitro-, reaction of aromatic com- 
pounds with, in presence of alu- 
minium chloride (Sherrill), i, 
237. 

bromoefonitro-, potassium salt (TrE- 
nel and Wilkendorf), i, 112. 
broraoiSnnitro- (Schmidt, Bar- 
tholomE, and Asmas), i, 136. 

Methanedisulphonic acid, barium salt 
(Kolker and Lapworth), i, 353. 

Methanesulphonic acid, chlorohromo-, 
optical activity of (Read and Mc- 
Manus), i, 1126. 

Methanesulphonyl groups, directing in- 
fluence of (Twist and Smiles), i, 
894. 

Methazonic acid, cyano-. See Propio- 
nitrile, /3-nitro-a-oximino-. 

Methenyl-5'-(5'-methyl)hydantoin- 
5-hydantoic acid, bromo- (Davidson 
and Johnson), i, 584. 

Methiodo-o-methyl-^-geneserolimethine 
(Polonovski and Polonovski), i, 
293. 

Methoxyacethydroxamic acid, and its 
potassium salt and derivatives (Jones 
and Powers), i, 14. 

2- Methoxyacetophenone, 4 : 6 -^hydroxy - 
(Sonn and BttLOW), i, 1268. 

^-Methoxyacetophenone, phenylhydr- 
azones of (Korczyi&ski and Kierzbk), 
i, 973. 

Methoxyacetophenoneoximes (v. Au- 
wers, Lechnbr, and Bundesmann), 
i, 266. 

4(5'-Methoxy-4'-acetoxybenzylidene)- * 
2-phenyl-5-oxazolone, 3'-nitro- (Sonn, 
Muller, BAlow, and Meyer), i, 
933. 

Methoxyaee tylanthranils (Heilbron , 
Kitchen, Parkbs, and Sutton), i, 
1321. 

7 -Methoxyallene (Bourguel), i, 770. 

Methoxyallyloxyhenzaldehydes (Sonn 
and Patschke), i, 1280. 

6-Methoxyanthraquinotte, 3-amino-l:8- 
dihydroxy-, l:8-dihydroxy-, and 1:3:8- 
trihydioxy- (Eder and Hauser), i, 
563. . 

3- Methoxyatophan. See 3-Methoxy- 

2-phenylquinoline-4-carboxylic acid. 

3- Methoxybenzaldehyde, bromo and 
nitro derivatives, and their derivatives 
(Hodgson and Beard), i, 675. 

4- Methoxybenzaldehyde, 5-nitro-2-hydr- 
oxy*, and its derivatives (Rao, Sri- 
kantia, and Iyengar), i, 675. 

56 * 
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Methoxyhenzaldehydes, bromohydroxy- 
and nitrohydroxy-, and their p-nitro- 
phenylhydrazones (Rubenstein), i, 
12719. 

4-Methoxybenzamide, 3:5-fHnitro- (Lin- 
demann and Wessel), i, 1099. 

jp-Methoxybenzii, oximes of, and their 
derivatives (Meisenbeimer, Lange, 
and Lamparter), i, 1073. 

Methoxybenzils, cfa'hydroxy-, and their 
diacetyl derivatives (Harsh and 
Stephen), i, 1158. 

3- Methoxybenzoic acid, 4-bromo- 
( Hodgson and Beard), i, 675. 

4- Methoxybenzoic acid, 5-bromo-2- 
amino-, and its copper salt (Griffith 
and Hope), i, 827. 

0- and m-Methoxybenzoic anhydrides 
(Rule and Paterson), i, 29. 

Methoxybenzopyrones, 3-hvdroxy- 
( Pfeiffer, Oberlin, and Koner- 
mann), i, 1304. 

2-Methoxy-^-benzoquinoneimine ( Kehr- 
mann and Hoehn), i, 561. 

1- Jtethoxy-2:3-benzoxazine (Griffiths 
and Ingold), i, 1190. 

o-JIethoxybenzoyl cyanide (Marsh and 
Stephen), i, 1158. 

4-Methoxybenzoyl chloride, 3:5-dmitro- 
(Lindemann and Vessel), i, 
1099. 

4-Methoxybenzoylformic acid, 2-bromo- 

2-hydroxy- and 2-hydroxy- (Fries 
and Saftien), i, 570. 

Methoxybenzoyloxybenzamides (An- 
schtItz, Aschenberg, Kuckertz, 
Krone, RiepenkrOger, and Zerbe), 
i, 666. 

6-Methoxybenzthiopyrone (Kroll- 
PFEIFFER, SOHULTZE, SOJILUMBOHM, 
and Sommermryer), i, 1305. 

2- o-iethoxybenzylidenecotunaranone, 
4:6-^hydrox , y-, diacetyl derivative, 
and its derivatives (Kalff and Rob- 
inson), i, 1303. 

2- Methoxybenzylidenediacetophenone 
(Dilthey and Floret), i, 56. 

jt?-Meihoxybenzylidenemalonic acid, 
ethyl ester (Chrzarzczewska), i, 
956, 

Methoxybenzylmandelic acids (Malkin 
and Robinson), i, 559, 

3 - p-Methoxybenzy loxindole (Windaus 
and Bickel), i, 33. 

Methoxybehzyloxybenzaldehydes (Sonn 
and Patschke), i, 1280. 

Methoxy-7-bromo-R-methoxypropyl- 
benzenes (Schmidt, Bartholom£, 
and Asmas), i, 136. 

MathcDtydbelidonine, and its salts and 
derivatives (GadamEr and .Winter- 
fbld), i, 2$$; 


4-Methoxy-to- chloroac et ophenone , 
5-bromo-2-hydroxy- (Fries and Saf- 
tien), i, 570. 

^-Metboxy-7’-chloroallylbenzene(BEitT), 

i, 804. 

3-Methoxy-6-^-^ichl6roethyl-^-toluic 
acid (Meldrum and Altmchandani), 
i, 1272. 

3-Methoxy-6-£3j8-Hcbloro-a-hydroxy- 
ethyl-jtf-toluic acid, and its calcium 
salt and acetyl derivative (Meldrum 
and Alimchandanj), i, 1272. 

Methoxychromanones, and their deriv- 
atives (Pfeiffer, Oberlin, and 
Konermann), i, 1304. 

3- Methoxycinnamic acid, a-amino- 

£-5-nitro-4-hydroxy-, a- benzoyl de- 
rivative (Sonn, Muller, B&low, 
and Meyer), i, 933. 

p - Me thoxy cinnamic acids, bromo- 

(Hariharan and Sudborough), i, 
1149. 

4- Methoxy cinnamic anhydride (Robin- 
son and Siiinoda), i, 1301. 

^Hethoxycinnamylidene-m-nitroaceto- 
phenone (Giua), i, 1283. 

6-Methoxycoumaran-2;3-dione (Fries 
and Saftien), i, 570. 

6-Methoxyconmaran-3-one semicarb- 
azone (Bonn and Patsohke), i, 282. 

6-Methoxycoumaran-3-one, bromo and 
chloro derivatives, and their deriv- 
atives (Fries and Saftien), i, 570. 
2-oximino- (Fries and Saftien), i, 
570. 

6-Methoxyconmaran-3-one-2-jp-amino- 
anil (Fries and Saftien), i, 571. 

6-Methoxycoumaran-3-one-2-anil, and 

5-bromo- (Fries and Saftien), i* 570, 

6-Methoxycoumaran*3-one-2-j?-di- 
methylaminoanil (Fries and. Saf- 
tien), i, 570. 

6- Methoxy-m-oresol, 5-bromo*2:4*dft* 

nitro- (Kohn and Marbbrgbr), i, 
1265, 

a-Methoxy-a£-dibenzoylethylene (Con- 
ant and Lutz), i, 682, 

a-Methoxy-a)8-di-(4-chlorobenzoyl)- 
ethylene (Oonant and Lutz), i, 662. 

a-MethoxyaiS-di-(6-chloro-m-tolnoyl)' 
ethylene (Conant and Lutz), i, 682. 

7- Methoxy-4:3'-diooumaryl (Dey and 
Row), i, 150. 

a-Methoxy-a$“di-(2:4-ditoethylbenzoyl)- 
ethylefce (Conant and Lutz), i, 682. 

5- Methoxy-i:2-dihydrocoumarone 

; 3:6-cfthydroxy-, and its diacetyl de- 
rivative (Dean and Hierenstein), 
i, 281. 

3-Methoxy-9:10-dihydronhenanthrene- 
9-caxboxylic acid, and its derivatives 
(Windaus and Kicked), i, 88. 
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5-Methoxy-l:2-dihydro-3:6-qninocou- 
marone (Dean and Nierenstein), 
i, 281. 

Methoxydihydrothebenol (Speyer and 
Rosenfeld), x, 962. 

2-Methoxy-3;5-dimethylaeetophenone, 
and its oxime (v. Auwers, Lechner, 
and Bundesmann), i, 266. 
d'-Methoxy^'-dimethylamiiiQ^ :4-di- 
styrylbenzopyrylinm chloride, 7-liydr- 
, oxy- (Heilbron, Walker, and Btjok), 
i, 694. 

7-Methoxy-4'-dimethylamino-2-styryl- 
X -methyl-4-quinazolone ( H eilbron, 
Kitchen, Parises, and Sutton), i, 1321 . 
Methoxydimethyldehy dr oindoles, an d 
their picrates (Spath and Brunner), 
i, 574. 

Methoxydimethyl-4-quinazolones(HEiL- 
bbon, Kitchen, Parkes, and Sut- 
ton), i, 1321. 

Methoxydiphenylacetic acid (Staud- 
ingeb, Dyckerhoff, Klever, and 
Ruzicka), i, 934. 

and its acid chloride (Kahil and 
Nierbnstein), i, 52. 
4-Methoxy-2:5-diphenylfuran (Conant 
and Lutz), i, 682. 

2-Me thoxydiphenylmethyl chloride 
(Kahil and Nierenstein), i, 52. 

2- Methoxydiphenylmethyl chloromethyl 
ketone ( KAHiLand Nierenstein ), i,52. 

o-Methoxydiphenyl-a-naphthylcarbinol, 
and its chloride (Gqmberg and 
McGill), i, 1270. 

o-Methoxydiphenyl-a-naphthylmethyl, 
and its ^roxide (Gombrrg and 
McGill), i, 1270. 

jS-Methoxy-ay-diphenylpropane, a-hydr- 
oxy- (Malkin and Robinson), i, 559. 
yi-Methoxy diphenylanc cinic acid, and 
its nitrile (Brand and Loehr), i, 684. 
Methoxy-2:4-distyrylbenzopyrylium 
chlorides, di- and tri-hydroxy- (Heil- 
bron, Walker, and Buck), i, 694. 
y/-Methoxydistyryl ketone, jp-nitro- 
(Pfeiffer), i, 409, 

Methoxy ditoluimides , hydroxy- (An- 
schutz and Asciienberg), i, 667. 
a-Methoxy-a£-ditoluoylethylene ( Con- 
ant and Lutz), i, 682. 
«*Methoxy-aj8-di*(2:4:6-trimethyl- 
benzoyl) -ethylene (Conant and Lutz), 
i, 682. 

3- Metboxy* 2-ethoxybenzaldebyde, 
nitration of (Rubenstein), i, 1428. 

4- Methoxy-2-ethoxybenzaldehyde, and 
, 5-nitro-, and their derivatives (Rao, 

Srikantia, and Iyengar), i, 676. 
4-Methoxy-3-ethoxybenzaldehyde, arid 
its oxime (Spath and Bkrnhauer), 
i, 294, 


4-Methoxy-3-ethoxybenzamide (Spath 
and Bernhauer), i, 294. 

6- Methoxy-7-ethoxy-3;4-dibydrowo- 
quinoline, and its picrate (Spath and 
Dobrowsky), i, 1085. 

7- Methoxy-6-ethoxy-3:4-dihydroiso- 
quinoline, and its picrate (Spath and 
Dobrowsky), i, 1085. 

Me thoxy ethoxy- 1-keto-X :2:3 :4-tetra- 
hy drofsoquinolinea (Spath and Do- 
browsky), i, 1086. 

3-Methoxy-8-ethoxy-2-^-metboxy- 
phenylbenzopyrylitun salts (Ridg- 
way and Robinson), i, 55. 

4'-Methoxy-8-ethoxy-2-phenylbenzo- 
pyrylinm ferrichloride, 3-chloro- 
(Ridgway and Robinson), i, 693. 

a-3-Methoxy-4-ethoxypheaylethane, 
amino-, and its derivatives (Spath 
and Dobrowsky), i, 1085. 

a-4-Methoxy-3-ethoxyphenylethane, /3- 
amino-, and its derivatives (Spath 
and Dobrowsky), i, 1085. 

3- Methoxy-4-ethoxystyrene, w-nitro- 

(Spath and Dobrowsky), i, 1085. 

4- Methoxy-3-ethoxystyrene, «-nitro- 

(SpJvth and Dobrowsky), i, 1085. 

/3-Methoxyethylcarbimide (Jones and 
Powers), i, 14. 

5- Methoxy-3* ethyl-4;5-dihy dronric acid, 

4-hydroxy- (Biltz and Peukert), i, 
1463. 

4 / -Methoxyflavanone (Hattori), i, 1444. 

3-Methoxyflavone, 7-hydroxy- (Allan 
and Robinson), i, 149. 

4'-Methoxyflavone (Hattori), i, 1444, 

7-Methoxyis<?flavone (Baker and Rob- 
inson), i, 1299. 

2- Methoxy-A 1 -cycfchexene, 1-cyano- 
(v. Auwrrs, Bahr, andFRESs),i, 312, 

7- Methoxy-3-homoveratryl-2-methyl- 
chromone (Baker and Robinson), 
i, 926. 

8- Methoxy-2-a-hydroxylcinnamyl- 
metbylquinoline hydrochloride 
(Troger and Danehl), i, 975. 

S-Meth 0 xy- 2 -£-hydroxy-£-o-hydroxy- 
phenylethylqninoline, and its diacetyl 
derivative (Troger and Dunker), 
i, 434. 

3- Methoxy-2-;S-hydroxy-j8-p-methoxy- 
phenylethylqninoline, and its salts 
(TrSger and Dunker), i, 434, 975, 

3- Methoxy-2-0-j3-hydroxy-w-methoxy- 
styrylquinoline,and its salts (Tr5ger 
and Dunker), i, 434. 

4- Meth oxy- 2-£ -^-hydroxy - S'-methoxy- 

styrylquinoline, and its hydrochloride 
(Troger and ^Dunker), i, 434. - 

8-Methoxy-2-j8-hydroxy-j8-0- and -w- 
nitrophenylethylquinolines, and their 
salts (Troger ana Danehl), i, 974 
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3- Metboxy-2-j8-hydroxy-j8-phenyletbyl- 
quinoline, and its salts (Troger and 
Dunker), i, 434. 

4- Methoxy-2j8-o-hydroxysty^lquinoline 
(TrOger and Dunker), i, 434. 

3- Methoxy-2-0-m^-cfoliydroxystyryl- 
quinoline, and its perchlorate (Tp.oger 
and Dunker), i, 434. 

l(or 3 ) - Me thoxy ^indole - 2- o xide (Grif- 
fiths and Ingold), i, 1191. 

6-Methoxy-3-keto-2-coumaran-6'-di- 
me thylaminob enz thi az ole - 2' - spixan , 
and its derivatives (Fries and Saf- 
tien), i, 571. 

ar-7-Metboxyketotetrahydronaphtha- 
lenes, and their derivatives (Riedel), 
i, 407. 

Methoxyl groups, determination of 
microchemically (Smith), ii, 905. 

l-Methoxy-3-0-methoxyphenyl-5-j?-di- 
methylaminostyryl- A 1 ^-cycfohexa- 
diene-2-carboxylio acid, ethyl ester 
(Heilbron, Forster, and Whit- 
worth), i, 1285. 

7~Metboxy-4-3?-methoxystyrylconmarin 
(Dey and Row), i, 953. 

4- Methoxy-2-0-p-methoxystyrylqiLiiio- 

■ line, and its salts (Troger and Bun- 
ker), i, 434. 

4-Methoxy-2-0-o-methoxystyrylqTU.no- 
line, and its dibenzyl ether (Troger 
and Dunker), i, 434. 

Methoxymethylacetophenones, and their 
oximes (v. Aijwers, Leohner, and 
Bund esmann), i, 266. 

Methoxymethylanthranilic acids, and 
their amides (Heilbron, Kitchen, 
Parkes, and Sutton), i, 1321 . 

3-Methoxy-2-methylbenzopyrcne, 7- 
hydroxy-, and its acetyl derivative 
(Allan and Robinson), i, 148. 

Methoxymethylcarbimide (Jones and 
Powers), i, 14. 

3-MethGxy-2-methylchromone, 5 \l-di- 
hydroxy- (Kalff and Robinson), i, 
1303. 

Methoxymethylene-p-br omoaniline . See 
Methyl woformo*p-bromoanilide. 

3-Methoxy-6i7-methylenadioxy-2-mp-di- 
methoxyphenylquinoline (Pratt and 
Robinson), i, 422. 

3''-Methoxy-3':4'-met]iyIeneaioxy-2:4- 
distyrylbenzopyrylium chloride, 4":7- 
^’hydroxy- (Heilbron, Walker, and 
Buck), i, 695. 

3-Methoxy-6:7-methylenedioxy-2-p- 
methaxyphenylquinoline (Pratt and 
Robinson), i, 422. 

Meth<ay»3':4'-methylenedioxy-2-styryl- 
metbyl-4-quinazolones ( Heilbron, 
Kitchen, Parses, and Sutton), i, 


3-Methoxy-6:7-methylenedioxy-2-?nm>- 
trimethoxyphenylquinolino, and its 
salts (Pratt and Robinson), i, 
423. 

9- Methoxymethylenefluorene (Wieland 
and Krause), i, 902. 

Methoxy-2-methylindoles (Spath and 
Brunner), i, 574. 

Methoxymethylisatoic anhydrides 
(Heilbron, Kitchen, Paros, and 
Sutton), i, 1321. 

3-Methoxy-3-methylci/cZopropane-l:2»di- 
carboxylic acid, constitution of, and 
its anhydride (Goss, Ingold, and 
Thorpe), i, 550. 

Methoxy-2-methyl-4-quinazolones 

(Heilbron, Kitchen, Parkks, and 
Sutton), i, 1321. ■ 

3-Methoxy-2-methylqtunoline, and its 
salts (Troger and Dunker), i, 433. 

8-Methoxy-2-methylquinoline, condens- 
ation of o- and w-nitrobenzaldehydes 
with (Troger and Danehl), i, 974. 

10- Methoxy-0-naphthacridine, and its 
12-carboxylic acid (Saftien), i, 1318. 

1- Methoxynaphthalcne, 5-bromo- 

(Fuson), i, 254. 

2- Methoxy-3-naphthamide (Lesser, 

Kranepuhl, and Sad), i, 1425. 

5-Methoxy-a-aaphthoic acid (Fuson), 
i, 254. 

2- Me thoxy - 3 -nap h tbonitrile (Lesser, 
Kranepuhl, and Sad), i, 1425. 

3- Methoxy-O-naphthyldi-a-naphtha- 
fluorene (Gomberg and McGill), 
i, 1270, 

8-Methoxy-2-?n-nitrostyrylquinoline, 
and its salts and derivatives (Troger 
and Danehl), i, 974. 

«-Methoxy-A*-pentiaene- 78 *diol (Leh- 
pieau), i, 1376. 

4- Methoxyphenol, tf&bromo* and di - 
ehloro-dmitro-, and their salts (Kohn 
and Marbergee), i, 1265. 

O-o-Methoxyphenoxypropionio acid 
(Pfeiffer, Oberlin, and Koner- 
mann), i, 1304. 

p-Metboxynhenyl w*acetamidostyryl 
ketone (Pfeiffer), i, 410. 

p-Metboxypbenylamino-p-metboxy- 
phenyl-acetonitrile and -carbamide 

(Cogbill), i, 583. 

p-Methoxypbenyl w-aminostyryl ketone, 
and its benzoyl derivative (Pfeiffer, 
Prarl, Fitz, and Stoll), i, 681. 

3-Methoxy-3-phenylbenzopyran, and 
2 -chloro- and 2 -hydroxy- (Kahil and 
Hierenstein) i, 53. . 

2-jp-Methoxyphenylbenztriazole (Klbs), 
i, 163. 

jp-Methoxyphenyl benzyl diketone 
(Malkin and Robinson), i, 559, 
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2- jtf-Methoxyphenyl-3-benzylqninoxal- 
ine (Malkin and Robinson), i, 559. 

a-S-Methoxyphenyl-ft-butane, a-4-hydr- 
oxy-, and its benzoyl derivative 
(Nomura and Hotta), i, 1156. 

j?-Methoxyphenyloarbamide (Coghill 
and Johnson), i, 582. 

^-Methoxyphenyl j8-2:S»dimethoxy- 
phenylethyl ketone, and its oxime 
(Pfeiffer, Armbruster, Backes, 
and Oberlin), i, 270. 

^-Methoxyphenyl jS-yj-dimethoxystyryl 
ketone (Malkin and Robinson), 
i, 559. 

i?-Methoxyphenyl 2:3-dimethoxystyryl 
ketone (Pfeiffer, Armbruster, 
Backes, and Oberlin), i, 270. 

3- 4'- and -5'-Methoxyphenyl-5-2?-di- 
methyIaminostyryl-A 5 -c 2 / 6 ’?oliexen- 1 - 
ones, 3-2'-hydroxy- (Heilbron, For- 
ster, and Whitworth), i, 1284. 

S-o-Methoxyphenyl-S-^-dimethylamino- 
styryl-A 6 -c?/c/obexen-l-one-2-carb- 
oxylic acid, ethyl ester (Heilbron, 
Forster, and Whitworth), i, 1284. 

p -Me thoxyphenyl p-dimethylamino- 
styryl ketone, additive compound of, 
with a-naphthol (Pfeiffer, Goebel, 
and Angern), i, 262. 

o-Methoxyphenyldi-a-naphthafluorene 

(Gomberg and McGill), i, 1270. 

3-Methoxyphenylethyl w-amyl ketone, 
j8-4-hydroxy-, and its benzoyl deriv- 
ative (Murai), i, 1157. 

3-Methoxyphenylethyl hntyl ketones, 
£-4-hydroxy-, and their benzoyl de- 
rivatives ‘(Nomura and Hotta), 
i, 1157. 

3-Methoxy-2-jS-phenylethylchromone, 
7-hydroxy- (Robinson and Shinoda), 
i, 1301. 

3-Methoxyphenylethyl ethyl ketone, 
j8-4- hydroxy (Ichikawa), i, 1156. 
and its benzoyl derivative (Nomura 
and Hotta), i, 1157. 

jS-S-Methoxyphenylethylmethylcarb- 
inol, 0-4-hydroxy-, and its diacefcyl 
derivative (Nomura and Hotta), 
i, 1156. 

4'Methoxyphenylethyl methyl ketone, 
0-3-liydroxy-, and its benzoyl deriv- 
ative (Murai), i, 1158. 

3-Methoxyphenylethyl ’7i-propyl ketone, 
)8- 4-hydroxy-, and its benzoyl deriv- 
ative (Nomura and Hotta), i, 1157. 

0-^-Methoxyphenylethylquinoline, 
4:2-0-c^hydroxy-, and its salts 
(TrOger and Dunker), i, 434. 

V-Methoxy-4-phenylflavylium salts 
(Armit and Robinson), i, 1173. 

j?-Methoxyphenylflnorone (Gomberg 
and Snow), i, 668. 


4- Methoxyphenylglyoxal, 5 -bromo-2- 

hydroxy-, osazone (Fries and Saf- 
tien), i, 570. 

jp-Methoxyphenyl ^-hydroxystyryl 
ketone, and its salts (Vorlander, 
Hiemesch, Schoenemann, Sohade, 
and Kunze), i, 267. 

1- o-Methoxyphenylimmo-0-naphtha- 
quinone (Socii£t£ Anonyme des 
MATlhRES COLORANTES), i, 413. 

2- ^-Methoxyphenylindole (Korczynski 
and Kierzek), i, 973, 1098. 

5- Methoxy-2-phenylindole (Korczynski 
and Kierzek), i, 973. 

^J-Methoxyphenyl ^-methoxybenzyl 
diketone (Malkin and Robinson), 
i, 559. 

2-^-Methoxyphenyl-3-^-methoxybenzyl- 
quinoxaline (Malkin and Robinson), 
i, 559. 

2-^-Methoxyphenyl-5-methoxyindole 
(Korczynski and Kierzek), i, 973, 
1098. 

2- Methoxyphenyl 4-methoxystyryl 

ketone, ^hydroxy- (Sonn and Btl- 
low), i, 1268. 

4- Methoxyphenyl 8-methoxystyryl 

ketone (Malkin and Robinson), i, 
559. 

p-Methoxyphenyl-3-methoxyxanthydroI 

(Gomberg and Snow), i, 661. 

^-Methoxyphenylmethylhydrazine 

(Spath and Brunner), i, 575. 

^-Methoxyphenyl nitrostyryl ketones 
(Pfeiffer, Prahl, Fitz, and Stoll), 
i, 680, ^ 

^-Methoxyphenylpropionic acid, a«0- 
tri bromo- (Hariharan and Sub- 
borough), i, 1149. 

5- Methoxy-8-plienylpyrazole (v. Au- 

wers and Mauss), i, 1179. 

3- Methoxy-2-phenylquinoline-4- 
carboxylic acid (Dilthey and The- 
len), i, 1317. 

3-^-Methoxyphenylqninoxaline, 2:8-o- 
^'hydroxy* (Fries and Saftibn), i, 
570. 

3-4 / -Methoxyphenylqninoxaline, 5'- 
bromo-2-hydroxy-, 5 / -bromo-2:2'- 
cfo'hydroxy-, and 3 / :5 / -^ohloro-2 / - 
hydroxy- (Fries and Saftien), i, 570. 

4'-Methoxy-2-phenyl-4-styrylbenzo- 
pyrylinm chloride, 5:7-<fthydroxy- 
( Walker and Heilbron), i, 693, 

3-^-Methoxyphenyl-2-thiohydantoin 

(Coghill and Johnson), i, 582. 

5^-Methoxyphenyl-2-thiohydantoin, 
and its 1-acetyl derivative (Coghill 
and Johnson), i, 582. 

j8-^-Methoxyphenylthiolpropionio aoid, 
(Krollpfeiffer, Schultze,Schlum- 
bohm, and Sommermeyer), i, 1305, 



ii. 1610 


INDEX OF SUBJECTS, 


4-Methoxyphenyl S:4:5-triraethoxy- 
styryl ketone, 2-hydroxy-, and its 
acetyl derivative (Dean and Nieren- 
stein), i, 952. 

1- Methoxyphthalazine, 4-liydroxy- 
(Radulescu and Georgesqu), i, 
1185. 

3- Methoxy-o-phthalic acid, 4-hydroxy-, 
and its anhydride (Spate and Dus- 
ohinsky), i, 1313. 

W-Methoxyphthalimidine (Griffiths 
and Ingold), i, 1191, 

4- Methoxypropenylbenzene, 3-hydroxy-, 
and its ethyl ether (Kafuku), i, 1413. 

/8-Methoxypropionhydroxamic acid, and 
its potassium salt and derivatives 
(Jones and Powers), i, 14. 

Methoxypropoxybenzaldehydes (Sonn 
and Patschkb), i, 1280. 

j3-Methoxypropylbenzene, 7-bromo- 
(Sohmidt, BartholomE, and Asmas), 
i, 136. 

4-Methoxypyridanthrone (Seka and 
Schreckental), i, 1316. 

2- Methoxypyridine, 5-amino-, 5-iodo-, 
and 5-nitro-, and their derivatives 
(Magidson and Menschikoff), i, 302. 

6-itethoxy-4- quinolyl e-aminoamyl ke- 
tone, and its dipicronolate (Ruzicka, 
Seidel, and Libbl), i, 239. 

6- Methoxy-4-quinolyl €-benzoylmethyl- 
amino-a-carbethoxyamyl ketone 
(Ruzicka, Seidel, and Liebl), i, 289. 

6-Methoxy-4- qninolyl e-methylamino- 
amyl ketone, and its dipicrate 
(Ruzicka, Seidel, and Liebl), i, 
289. 

6-Methoxy-4-quinolyl iV-methyl-2- 
pyrrolidyl ketone, and its salts 
(Ruzicka, Seidel, and Liebl), i, 290. 

S'-Methoxystilbene, 2:4-rh’nitro-4''- 
hydroxy- (Gulland and Robinson), 
i, 1188. 

Methoxystilbenes, bromo-, hydroxy-, 
and dinitrohydroxy-, and their a- 
carboxylic acids (Dey and Bow) , i, 954. 

Methoxystilbenecarboxylic acids, nitro-, 
and their salts and derivatives 
(Pfeiffer, Kalckbrenner, and 
Behr), i, 547. 

^-Hethoxystyrene, aft-dibiomo- (Hari- 
haran and Sudbqrough), i, 1150. 

3- Methoxystyryl %-amyl ketone, 4- 
hydroxy- (Murai), i, 1 1 57, 

^-Methoxystyryl amyl ketone (Ryan 
and Shannon), i, 558. 

3-Methoxystyryl butyl ketones, 4- 
hydroxy- (Nomura and Horn), i, 
1157. 

3-Methoxy-2-styrylchromone, 7 -mono-, 
and 5:7-^'hydroxy- (Robinson ana 
Shinoda), i, 1301. 


3- Methoxystyryl ethyl t ketone, 4- 
hydroxy- (Ichikawa), i, 1156. 

^-Methoxystyryl ethyl ketone, and its 
^'bromide (Ryan and Cahill), i, 558. 

7-Methoxy*2-styryl&oflavone (Baker 
and Robinson), i, 1299. 

Methoxystyrylniethylbenzopyrylium 
chlorides, liydroxy derivatives (Heil- 
bron, Walker, and Buck), i, 694. 

^-Methoxystyryl methyl ketone, chloro- 
oximino- and oximino- (Rheinboldt 
and Schmitz-Dumont), i, 1132. 

4- p-Methoxystyryl-a-naphthapyrone 
(Dey and Row), i, 954. 

p-Methoxystyryl nitrocinnamylidene- 
methyl ketones (Pfeiffer), i, 409, 

3-Methoxystyryl w-propyl ketone, 4- 
hydroxy- (Nomura and Hotta), i, 
1157. 


4'-Methoxy-2-styryl-4-quinazolone 
(Heilbrqn, Kitchen, Parkes, and 
Sutton), i, 1321. 

2 -^Methoxystyrylquinoline, derivatives 
of (Pfeiffer, Rheinboldt, and 
Wolf), i, 412. 

2- £-^-Methoxystyrylqninoline, 4-hydr* 
oxy- (TrOger and Dunker), i, 434. 

4'8-m-Methoxystyrylquinoline, 2:4-p- 
dihydroxy- (TrQger and Dunker), 
i, 431. 

3- and 4-Methoxy-2-£-styrylquinolinea 
(Tr6ger and Dunker), i, 434. 

o-Methoxytetraphenylmethane (Gom- 
berg and Porkester), i, 1267. 

6-Methoxythiochfomanone, and its 
derivatives (Krglltfkiffer, 

Schultze, Sciilumbohm, and Som- 
me rme ye a), i, 1305. 

4- Methoxy-2-thiolbenzoio add, 6-broroo- 
(Griffith and Hote), i, 828. 

Methoxytoluamides, benzoyl derivatives 
(AnsohOtz and Aschenberg], i, 667. 

2 -Methoxytoluene, 5-bmmo* (Gomberg 
and Anderson), i, 1064, 

Methoxytoluic acids, methyl esters 
(Anschutz and Aschenberg), i, 667. 

Methoxytoluoyl chlorides (Anschutz 
and Aschenberg),!, 667. 

a-Methoxyvinyl groups, dieting effect 
of, in aromatic substitution (C. K, 
and E. H. Ingold), i, 657. 

Methyl alcohol, pure, preparation of 
(Hartley and Raikes), i, 498. 
synthesis of (Patart), i, 110. 
dissociation constant of (Bjerrum, 
Unmaok, and Zeohmeister), ii, 
1062, 


latent beat of fusion, of {Maass and 
Waldbauer), ii, 492. 
thermal properties of (Parks), ii, 
491 .' - 

surface tension of (Am), ii, 768. 
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Methyl alcohol, surface tension of, and 
its mixtures with cycfohexanol 
(Weissenbbrger and Schuster), 
ii, 648. 

vapour pressure and specific heat of 
mixtures of carbon disulphide and 
(Drucker and Weissbacb), ii, 
953, 

dehydrogenation of, with catalytic 
copper (Ghosh and Chakravarty), 
ii, 1161. 

catalytic dehydration of j 8 -naphthol 
and (Puiss), i, 1410. 
equilibrium of carbamide with (Wal- 
ton and Wilson), ii, 505. 
effect of nitrogen and carbon dioxide 
dilutions on the explosion of, and 
its mixtures with acetone (Crouch 
and Carver), ii, 682. 
determination of (Wimmer), ii, 1006. 

Methyl alkyl ethers, chloro- (Farren, 
Fife, Clark, and Garland), i, 
1230. 

ehloride, density and compressibility 
of the vapour of (Batuecas), ii, 
753. 

ether, compressibility and molecular 
weight of (Batuecas), ii, 16, 
497. 

inhalation of (Davidson), i, 1503. 
s-^chloro-, condensation of, , with 
phenylethylaraine (Short), i, 
387. 

Methylacetophenoneoximes, and 

hydroxy- (v. Auwees, Lechner, 
and Bundbsmann), i, 266. 

7 -Methylacetylacetone, See 7 -Methyl- 
AApenten-5-one, j 8 -hydroxy-. 

Methylacetylanthranilic hydrazide, 
ana its nitrosoamine (Heller, Gor- 
ing, Kloss, and KOhlbr), i, 1323. 

W-Methylaoridone, 1 -nitro- (Burton 
and Gibson), i, 154. 

3-Methyladipic anhydride (Wedekind, 
Miller, and Weinand), i, 511. 

j3-Methyladipyl chloride, action of tri- 
ethylamine on (Wedekind, Miller, 
and Weinand), i, 510. 

aa-Methylallybutyrophenone (Haller, 
Bauer, and Ramart), i, 261. 

Methylallyliudazoles, and their pierates 
(v, Auwees and LoHR), i, 74. 

Methylallylindazolium iodides (v. 
Auwers and Pfuhl), i, 1101. 

Methylallylmalonic acid (Bhide and 
Sudborough), i, 1128. 

Methylallylmalonic acid, amino- (Man- 
nioh and Sutter), i, 1037. 

3-Methyl-l-ftUylpyrazole, and its picrate 
(v, Auwers and Daniel), i, 1180. 

Methylamine, detection of, in presence 
of ammonia (Valton), ii, 446. 


0 - Methylaminobenzhydrazide, acetyl and 
benzoyl derivatives (Heller, Goring, 
Kloss, and K6hler), i, 1322. 

^-Methylaminobenzoic acid, phenyl 
ester (Rivier and Richard), i, 1417. 

2-Methylamiao-5-ethoxy-4-methyl- 
4:5-dihydrothiazole, and its salts 
(Burtles, Pyman, and Roylance), 
i, 697. 

6-Methyl- l-aminoc^ohexanol, 2- cy ano- 
(v. Auwers, Bahr, and Frese), i, 312. 

Methylaminomethylallylmalonic acid, 
and its benzoyl derivative (Mannich 
and Sutter), i, 1037. 

5- Methyl-5-aminomethylpyrrole, salts 

of (Shmook), i, 577. 

a-Methylaminomethylvalerolactone,and 
S-bromo- and 5-iodo-, and their deriv- 
atives (Mannich and Suiter), i, 1037. 

2-Methylamino-oxazolidine, 2-amino-, 
hydrochloride, and its derivatives 
(Fromm, Babrenscheen, Frieder, 
Piuk, and Kapeller), i, 595. 

/S-Methylamino-j3-phenylethyl alcohol. 
See Phenylethanolmethylamine. 

2- Methylamino-5-phenyl-l:3;4-thiodi- 
azine (Bose), i, 1466. 

a-Methylaminopropionacetal ( Burtles, 
Pyman, and Roylance), i, 697. 

4-Methylaminopyridine, and its salts 
(Tschitschibabin and Ossetrova), 
i, 1328. 

a-Methylamino-j3-3:4: 5-trimethoxy- 
pheuylacrylic aoid, a-benzoyl deriv- 
ative (Sonn, Muller, Bulow, and 
Meyer), i, 933. 

a-Methylammo-/8-8:4:5-trimethoxy- 
phenylpropionic acid, a-benzoyl deriv- 
ative (Sonn, Muller, Bulow, and 
Meyer), i, 933. 

Methylammonium chloroferxates (Remy 
and Rothe), ii, 1089. 
tfmodide (Steinkopf and Bessa- 
ritsch), i, 497. 

3- Methyl-5-amylpyrazole (v. Auwers 
and Daniel), i, 1180. 

Methylanhydrobromcchelidonine, and 
its methiodide (Gadamer and Win- 
terfeld), i, 285. 

Methylaniline, vapour pressure of (Nel- 
son and Wales), ii, 494. 
tf-camphorsulphonate (Wedekind), 
i, 678. 

hydroferri- and hydroferro-cyanides 
(Gumming), i, 122. 

m-nitrobenzenesulphonamide (Mar- 
vel, Kingsbury, and Smith), i, 245. 

4- Methylanilinoquinaldinium salts 

(Fischer, Muller, and Vilhmkikr), 
i, 440. 

6- Methylanilinoquinoline (Cobbnzl), i, 
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1- 2tethyl-4-anisylidenehydantoin-3- 
acetic acid, and its sodium salt and 
derivatives (Hahn and Renfrew), i, 
581. 

Methylanthranilic hydrazide (Heller, 
Gohring, Kloss, and KOhler), i, 
1328. 

£-Methylanthraqninone, derivatives of 
(Eder and Hauser), i, 562, 563. 

2 - Methylaathraquinone, 1 -amino-, benz- 

oyl derivative (Beisler and 
Bray), i, 1288. 

and 4-chloro-l-amino-, action of 
nitrosyl chloride on (Badische 
Anilin- k Soda-Fabrik) i, 414. 
5:6:7:8-^rachloro-2-dibromo-,5;6:7:8- 
^//mchloro-l*nitro- 2 -^bromo- and 
l-nitro- 2 -dibromo- (Ruggli and 
Brunner), i, 561. 

4 -fluoro- (Quayle and Reid), i, 1289. 

7-Methylanthraquinone, l:2:8-inhydr- 
oxy- (Jacobson and Adams), i, 273. 

Metbylanthraquinones,hydroxy-(JACOB- 
son and Adams), i, 272, 273. 
Zrihydroxy-, and their triacetyl deriv- 
atives (Jacobson and Adams), i, 
1077. 

2-Methyl*5:6-anthraquinone-l-oxa-3:4- 
diazine (Tanaka), i, 1106. 

7 -Methylarabinoside (Baker and Ha- 
worth), i, 365. 

Methyl-Z-arabinosides, rotation of (Hud- 
son, i, 232. 

Methylation, wandering of acetyl groups 
in (Kubota and Perkin), i, 1159. 

Methylbenzamidosuccininri(le,i\ r -chloro- 
and i^-hydroxy- (Cheiibuliez and 
Chambers), i, 1047. 

4-Methylbenziminazole-2-benzoic acid 
(Ohakravarti), i, 162. 

Methylbenziminazoletrimethyl«/cZo- 
pentanecarboxylic acida (Chakra- 
VARTr and Gupta), i, 981. 

Methylbenzoic acid, p-chloro-, jo-carb- 
oxybenzyl ester (Barkenbus and 
Holtzclaw), i, 1148. 

.p-hydroxy-, esters of, and their deriv- 
atives (Case), i, 815. 

Methylbenzonitrile, m-bromo- (v.Braun 
and Reich), i, 1406, 

4-Methylbenzophenone, S'-chloro- 

2 -hydroxy- (Skraup and Poller), i, 
148. ’ 

2-Methylbenzopyrone, 3: 7 -efo'hydroxy- 

( Allan and Robinson), i, 148, 

Methylbenzpquinoneoximes, 2 -nitro- 4 - 
and -6-iritroso-5-hydroxy- (Schultz 
and Ganguly), i, 647. 

1 -Methylbenzoxazole, derivatives of 
(K 6 nig and Meier), i, 705. 

a-Methyl*£-benzoylacrylic acid (Bo- 
gert and Ritter), i, 816. 


4- Methylbenzoyl-0-benzoic acid,2-fiuoro- 
(Quayle and Reid), i, 1289. 

3-Methyl-l-benzoylpyrazole, and its 
perchlorate (v. Auwers and Daniel), 
i, 1181. 

1- Methylbenzthiazole, derivatives of 
(Konig and Meier), i, 705. 

6 -Methylbenzthiopyran, and its sulpli- 
one (Krollpfeiffer, Schultze, 

SOHLUMBOHM, and SoMMERMEYER), 
i, 1307. 

6 - Methylbenzthiopyrone, and 3-bromo-, 
and their derivatives (Krollpfeiffer, 
Schultze, Sohlumbohm, and Som- 
MEYER), i, 1305 ; (Arndt), i, 1809. 

2 - Methylbenzyl alcohol, 6 -bromo- 

4-hydroxy- (Kohn and WfjssbergI 
i, 655. ^ * 

Methylbenzyl chloride, Vchloro- (y. 
Braun and Reich), i, 1407. 

Methylbenzylaminea, ohloro-, salts of 
(v. Braun and Reich), i, 1406. 

lffethylbenzyldihydrowoindole,o-amino-, 
and its derivatives, and o-hydroxy- 
(V. Braun and Zobel), i, 1456. 
2-a-Methylbenzylideneaminopyridine, 
and its derivatives (Schmid and 
Bangler), i, 1459. 

^-Methylbenzylmenthol (Samdahl), i. 
415. 

Methylbenzylpiperidine, o-amino-, and 
its picrato and derivatives (v. Braun 
and Zobel), i, 1450* 

5- Methyl-«-benzylthiogluooside (Pao- 
su), i, 1243. 

Methyl-jS-bromoallylaniline, and its 
salts (v. Braun, Fussganger, and 
Kuhn), i, 1401. 

Methylbromoethylmaleic anhydride 

(KOster), i, 922. 

Methyl-^-bromo-a-methoxyethylmalein- 

imide (KUster and Heess), i, 998. 

^-Methylbufcane, a-bromo- (Dewael 
and Weokering), i, 8 , 
bromo derivatives, and their deriv- 
atives (Mereshkovski), i, 1033. 

7 - Methyl-A*-btiten- 7 « 0 l (Claisen), i, 
277. v 

^■Methyl- A^-buten-a-ol, 7 -bromo-, and 
its acetate (Mereshkovski), i, 1033, 

2-a-Methyl-A^-butenyl-p-cresol, phenyl- 
carbamate (Claisen, Kremers, Roth, 
and Tietzb), i, 656. 

0- a-Methyl-A^-butenylphenol, and its 
phenylcarbaTnate (Claisen, Krrmers, 
Roth, and Tietze), i, 656, 

Methyl-n-butylacetoacetic acid, ethyl 
ester (Powell), 1 , 8,- 

Methylbutylal (Adams and Adkins), 
i, 784. 

1- Methyl- 2 -butylindazolium iodides (v. 
Auwers and Pfuhl), i, 1101 . 
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a-Methylbutylmalonic acid, and its 
ethyl eater (Dewael and Wecker- 
ing), i, 3. 

j8-Methylbutylmalonie acid (Dewael 
and Weckering), i, 3. 

Metbyh’sobntylnonylcarbinol(TEOMsand 
Ambrus), i, 790, 

3 - Methy 1-5 -i’sob uty lpy r azolin e , and its 
derivatives (Locquin and Heilmann), 
i, 837. 

j8-Methylbutyronitrile, catalytic reduc- 
tion of (Rupe and Hodel), i, 27 5. 

d- a-Methyl-w-butyryl-1 -leucine, etliyl 
ester (Kaiiker, Miyamichi, Stokm, 
and Widmer), i, 594. 

/3-Methylcamphenilan (Nametkin and 
Briusoya), i, 1078. 

jS-Methylcamphenilol, and its derivatives 
(Nametkin and Briusova), i, 1078. 

$ -Metby lcampbenilone, and its deriv- 
atives (Nametkin and Briusova), 
i, 1078. 

Methylcarbamide, action of phenylcarb- 
imide on (Biltz and Beck), i, 1393. 

5- Methyl-S-isocarboline (Armit and 
Robinson), i, 1172. 

Metbylchlorobenzylindazolium iodides 
(v. Auwers and Pfuhl), i, 1101. 

Methyl a-chloroethyl ketone, phyto- 
chemical reduction of (Santomatjro), 
i, 203. 

Methylchlorohsemin, action of chlorine 
on (Kuster and Huttenlocher), i, 
992. 

4- MethylchromaiL-4-ol (Arndt, Pusch, 
and Schwarz), i, 1304- 

2- Methylcinchoninic acid, 3-amino-, and 
its methyl ester and their acetyl de- 
rivatives (Gulland and Robinson), 
i, 1187. 

^-Methylconhydrinone, and its deriv- 
atives (Hess and Grad), i, 426. 

5- Methylooumaran-S-one-p-dimethyl- 
aminoanil (Fries and Bartens), i, 567. 

6- Methyicoumaric acid, and its salts 
(Thompson and Epee), i, 1442. 

6- Methylcoumarin, and its derivatives 
(Thompson and Edee), i, 1442. 

4-Methylcoumarin, 3-bromo-7-hydroxy- 
(Fries and NShren), i, 954. 

3- Methylcoumarone, 6-hydroxy-, deriv- 
atives of (Fries and NOhren), i, 954. 

e'-Methyl-SfS'-coumarylJ-benzfaran- 
2-carboxylic acid. See 3(3 / -Coumaryl)- 
6 / -methyIbenzfuran~2-carboxylic acid. 

7- Methyl-4-coumaryl-jt?-dimethylamino- 

- phenylethylene. See 7-Methyl-4-£- 
aimethylaniinostyrylcoumarin. 

7“Methyl-4-coumaryl-S / -methoxy-4''- 
hydroxyphenylethylene. See 7r 
Methyl-4-^-hydroxy-?n-methoxy- 
styrylcoumarin. 


7- Methyl-4-coumaryl-^-methoxyphenyl- 
ethylene. See 7-Methoxy-4-^-meth- 
oxysty rylconmarin . 

Methylcreatinine piorate (Greenwald), 
i, 889. 

Methyl-p-cresol, oo'-dihydroxy-, deriv- 
atives of (Farbwerke vorm. Meister, 
Lucius, & Bruning), i, 544. 

e-Methyl-A^decadiene (Grignard and 
Dubien), i, 112. 

e-Methyl-A£-decen-e*ol (Grignard and 
Dubien), i, 111. 

8- Methyldextrose, and its phenylosazone 
(Pascu), i, 1242. 

3-Methyldibenzyl, 6-hydroxy-, and its 
phenylurethane (Sciiorigin), i, 1404. 

A 7 -Methyldibenzylphthalimidine ( W eiks 
and Freund), i, 139. 

7-Methyl-4:3'-dicoumaryl, and bromo- 
and chloro-derivatives (I>PA r and Row), 
i, 149. 

Methyldihydrochelerythrine (Gadamer 
and Stichel), i, 286. 

Methyldihydrodeoxytetrahydro- 
a-methylmorphimethine niethiodide 
(Speyer and ICoulen), i, 59. 

l-Methyl-A 1 - dihydronaphthalene (v. 

Auwers), i, 241, 

l-Methyl-3:4-dihydronaphthalene 

(Schroeter, Zadek, and Hoffmann), 
i, 678. 

9- Methyl-9 : 10-dihydr ophenanthr ene- 
10-carboxylic acid, and its methyl 
ester (Windaus, Jensen, and 
Schramm), i, 19. 

1 -Methyl-2 :3-&ihydropyridine-3:5-di- 
caxhoxylic acid, ethyl ester, i|/-cyanide 
(Mumm), i, 965. 

A-Methyldihydrothebenine hy driodid e 
(Speyer and Robenfeld), i, 961. 

Methyl-£*8(3:4-dimethoxy-5:6'methyl- 
enedioxyjphenanthrenylethylamine, 
and its hydrochloride (Osada), i, 
283, 

7-Methyl-4-jS-dimethylaminostyrylcou- 
marin (Dey and Row), 1, 953. 

A"- Methyldiphenylaoetami.de (VAN 
Alphen), i, 83. 

A-Methyldiphenylamine-6-carhoxylic 
acid, 2'-amino-, and its acetyl deriv- 
ative, and 2'-nitro- (Burton and 
Gibson), i, 154. 

3-Methyldiphenylme thane, 6 : 4'-$/hyd r- 
oxy-, and its derivatives (Pummerer, 
Puttfarckbn, and Schopflooher), 
i, 1263. 

MethyldiphenylmethyWmhloroamine, 
crystallography of (Fisher), ii, 
942. 

7 -Methyldipropionylmethaae, and its 
copper salt (Morgan and Taylor), 
i, 634, 
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o-Methyldisalicoylimide, silver salt 

(Anschutz, Riepbnkroger, and 

Kuckertz), i, 667. 

Methyldi-jo-tolylmethane, chloro- (Som- 
melet), i, 803. 

9-Methyldodecahydrocarbazole xneth- 
iodide (r. Braun and Schornig), 
i, 1450. 

7- Methyl~A7-dodecene (Thoms and 

Ambrub), i, 789. 

Methylenebenzoylpyruvic acid, diethyl 
ester, and its derivatives (Gault and 
Funke), i, 37. 

Methylenebisdimethyldihy&roresorcinol, 
disodium derivative (Radulescu and 
Georgescu), i, 820. 

Methylenebisphenyldihydroresorcinol, 
disodinm derivative (Radulescu and 
Georgescu), i, 820. 

Methylenebistelluriacetone ^‘chloride 
(Morgan and Drew), i, 531. 

Me thylenebis teUuritrichloride ( Morg an 
and Drew), i, 531. 

Methylene-blue, photographic action of 
(Eggert and Reitstotter), ii, 
509. 

photolysis of (Baur), ii, 1082. 
adsorption of, by charcoal (Mecklen- 
burg), ii, 530. 

oxidation-reduction with (Clark, 
Cohen, and Gibbs), ii, 1164. 
reduction of, by dextrose (Kneoht 
and Hibbert), ii, 605. 
decolorisation of, by mixtures of 
phosphates, acetaldehyde, and 
glycine (Haehn and Pulz), i, 858. 
mercury derivatives of (Chalkley), 

i, 1108. 

polychrome, preparation of (Proe- 
schrr and Krueger), i, 597. 
determination of, iodometrically 
(Sabalitjschka and Erdmann), 

ii, 908. 

Methylenecitric acid, derivatives of 
(Nau, Brown, and Bailey), i, 1379. 

e?wtoMethylenedehydropiperidazine, 
compound of cuprous chloride and 
(Diels, Blom, and Koll), i, 977. 

Methylenedicarbamic acid, isopropyl 
ester (Datta and Chatterjee), i, 
892. 

Methylenedihydropyridines (Koenigs, 
Kohler, and Blindow), i, 833 ; 
(Mumm), i, 964. 

3-Methylene-2:5-diketopiperazine(BERG- 
mann, Miekeley, and .Kann), i, 

/■' 1184. ‘ 

8- (3 , :4 , -Methylenedioxyhenzyl)oxindole 
(Windaus and Eiokbl), i, 33. 

8 ;4-Methylenedioxy-7-b romo - 6 -me th- 
oxypropylbenzene (Schmidt, Bar- 

’ tholomS, and Asmas), i, 136. 


3:4(?2:3)-Methylenedioxy-9:10*dihydro- 
phenanthrene-9-carboxylic acid, and 
its derivatives (Windaus and Eickel), 
i, 33. 

2:3- Methy lenedioxydihy dropr otoberber- 
ine, and its salts (Haworth, Perkin, 
and Pink), i, 1170. 

6 : 7 -Methylene dioxy dihy dr oisoquinoline , 
and its 1-benzoyl derivative, meth- 
iodides of (Haworth, Perkin, and 
Rankin), i, 1314. 

6:7-Methylenedioxy-2':3'-dimethoxy- 
2*benzyl- 1 -nitromethyl-1 :2: 3:4-tetra- 
hydrowoquinoline (Haworth and 
Perkin), i, 968. 

Methylenedioxy-2:4-distyrylbenzo- 
pyrylium chlorides, tfnhydroxy- 
(Heilbron, Walker, and Buck), i, 695, 

acid (HAWORTH^nd P?nk), i, 929. 

4 : 5-Methylenedioxyhomophthalimide 
(Haworth and Perkin), i, 929. 

2:3-Methylenedioxyoxydihydm$oproto- 
berberine (Haworth, Perkin, and 
Pink), i, 1169. 

2:3-Methylenedioxyoxyprotoberberines 
(Haworth, Perkin, and PiNK),i, 1169, 

7:8-Methylenedioxy-ll-phenylindeno- 
quinoline, and its derivatives (Armit 
and Robinson), i, 1171. 

2:3-Methylenedioxyprotoberberine, salts 
of (Haworth, Perkin, and Pink), 
i, 1170. 

S'^-Methylenedioxystilbene, 4-nitro- 
2-amino-, and 2:4-<&nitro- (Gulland 
and Robinson), i, 1188. 

8':4'-Methylenedioxy-2-styryl4-quia- 
azolone (Heilbron, Kitchen, 
Parkes, and Sutton), i, 1321. 

2:3-Methylenedioxytetrahydroproto- 
herberines, and their salts (Haworth, 
Perkin, and Pink), i, 1169. 

3-Methylene-6-methyl-2:5-diketopiper- 
azine (Beugmann, Miekeley, and 
Kann), i, 1134. 

7 -Methylene-AS-oetene (Grignard and 
Dubien), i, 112. 

3:6-£7zduMethylene-l:2-piperidazine, and 
its salts and derivatives (Diels, 
Blom, and Koll), i, 976. 

e^Methylenepiperidazine-l-carboxylic 
acid, methyl ester, and its picrate 
(Diels, Blom, and Koll), i, 976. 

3;6-endoMethylene-l:2-piperidazine-l:2- 
dicarboxylic acid, ethyl ester 
(Diels, Blom, and Koll), i, 976. 

l-Methylene-l:2:3:4-tetrahydronaphtha- 
lene, and its ozonide (Sohroeter, 
Eadek, and Hoffmann), i, 678. 

3 : 6 -mfoMethylene-3;4:5: 6-tetrahydro- 
l:2-pyridazine (Diels, Blom, and 
Koll), i, 977. 
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3:6-mtoMethylene-l:2:3:6-tetrahydro- 
l:2-pyridazine-l:2-dicarboxylic acid, 
ethyl ester, and its dibromide (Diels, 
Blom, and Roll), i, 976. 

Methylethoxyhenzaldehydes '(Sonn and 
Patschke), i, 1280. 

6-Methyl-2-ethoxymethylenecf/cfohexan- 

one (v. Auwers, Baer, and Frese), 
i, 810. 

,8-Methyl-/8-ethylaorylic acid. See £- 
Methyl*A a -pentenoic acid. 

1- Methyl-2-ethylbenzene, formation of, 
from 2-methyl-3-ethyl-A 4 -c^cfohexen- 
one (Blaise and Mgntagne), i, 
1072. 

0- Methyl-a-ethylbutenoic acid (Kon, 
Smith, and Thorpe), i, 510, 

8- Methyl- 2-ethylconmaran (Claisek, 

Krrmers, Roth, and Tietze), i, 
656. 

j8j8-Methylethylglutarylfluorescein 
(Dutt and Thorpe), i, HI. 

j8j8-Methylethylgluterylrhodamine 
(Dutt and Thorpe), i, H2, 

2- Methyl- 3-ethyl- At-cyclohexen - 1 - one 

(Blaise and Montagnb), i, 836. 
conversion of, into 1 -methy 1-2-ethyl - 
benzene (Blaise and Montagne), 
i, 1071. 

Methylethylindazoles, and their pierates 
(v. Auwers and Lohr), i, 73. 

1- Methyl-2-ethylindazolium salts (v. 
Auwers and Pfuhl), i, 1101. 

Methyl ethyl ketone, condensation of 
aldehydes with (Ryan and Cahill), 
i, 558. 

action of calcium hydride on (Por- 
lezza and Gatti), i, 788. 
condensation of, with vanillin (Ichi- 
kawa), i, 1156. 

6-Methyl-6-ethylphenoxarsonium salts 
(Abschlimann), i, 706, 

Methyl-l-ethylpyrazoles, ohloro-, and 
their perchlorate (v. Auwers and N is- 
meyer), i, 1177. 

4-Methyl-5*ethylpyrazoline, and its 
derivatives (Locquin and Heilmann), 
i, 837. 

2- Methyl-4-ethylpyxidine (Chemisohb 
Fabrik auf Aktien vorm. E. 
Schering), i, 431. 

2-Methyl-5-ethylpyridine, 6-amino- 
(Chemisohe Fabrik auf Aktien 
vorm. E. Schering), i, 301. 

4-Methyl-3-ethylpyridine, synthesis of 
(Koenigs and Hoffmann), i, 298. 

V-8-Me thy 1-2 : 3-ethylpyr idylpyrr ole 
(Ohemtsohe Fabrik auf Aktien 
vorm. E, Schering), i, 1329. 

4-Methyl- 2- e thylpyrrole - 5 - c arboxylic 
acid, ethyl ester (Fischer and 
Klarbr), i, 578. 


^-Methylethylsnccinylfluorescein 
(Dutt and Thorpe), i, 141. 
<zs-Methylethylsnccinylrhodamine(DuTT 
and Thorpe), i, 142. 
Methylethyltetrahydroindazoles, and 
their pierates (v. Auwers, v. Sass, 
and Wittekindt), i, 1183. 
6-Methyl-4-ethylthio-chroman-4-ol 
and -chromene (Krollff buffer, 

Schultzs, Schlumbohm, and Som- 
mermeyer), i, 1307. 
2-MethyKsoflavone, 7-mono- and 5:7-eK- 
hydroxy-, and their derivatives 
(Baker and Robinson), i, 1299. 

5 -Methyl-o-^ram-fluoracenedione ( Radu- 
lescu and Georgescu), i, 1287. 
Methylfsoformo-^-hromoaniHde (Far- 
row and Ingold), i, 155. 
6-Methyh2-formylcj/c2ohexanone (v. Au- 
wers, Baiir, and Frese), i, 310. 

6- Methyl-2-formyic?/cZohexenol (v. Au- 
wers, Bahr, and Frese), i, 310, 

7 - Methylfrnctoside, fission of, by invert- 
ase (Sohlubaoh and Rauchalles), 
i, 1243. 

Methylfuran, 2-chloro-, preparation of, 
from 2-furylcarbinol (Gilman and 
Vernon), i, 53. 

Methylforfuraldehyde, hydroxy-, de- 
termination of (Troje), ii, 1210. 
Methylgalactoside (Haworth, Ruell, 
and Westgarth), i, 117, 
a-Methylgentohioside, rotation of (Hud- 
son), i, 636. 

6(T)-Methyl-d-gluoose, and its osazone 
(Helferioh and Beoker), i, 11. 
a-Methylglucoside chlorohydrins, salts 
of ( Helferioh, Sprook, and Besler), 
i, 792. 

a-Methyl-d-glncoside, derivatives of 
(Helferioh and Broker), i, 10. 
jS-Methylglucoside, hydrolysis of 
(Josephson), i, 1359. 
a- and jS-Methylglucosides, solution 
volume and refraction constants of 
(Ruber), i, 8. 

0- Methylglutaric acid, dianilide, di-/3« 
naphthylide and di-#*toluidide of (v. 
Auwers), i, 892. 

a-Methylglutaric acid, bromo-, chloro-, 
hydroxy-, and iodo-, and their salts 
and derivatives (Ingold), i, 358. 
Methylglyoxal, condensation of thiocarb- 
auiide and (Sjollema and Seekles), 
i, 1175. 

Methylglyoxal, amino-, acetyl deriv- 
ative, osazone (Mann and Pope), 
i, 374. 

Methylglyoxalase (Meyerhof), i, 
1507. 

1- Methylglyoxaline, chloro- (Bonn, 

Hotes, and Sieg), i, 157, 
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2-Methylglyoxaline, 4 ( 5 )-nitro-5( 4) - 

thiol-, and its ammonium salt (Bhag- 
wat and Pyman), i, 1175. 

4 ( 5 ) * Me thy Igly oxaline , 2-amino-, and its 
picrate (Burtles and Pyman), i, 1326. 

Methylglyoxime, and amino- and chloro-, 
methyl ethers and derivatives of 
(Avogadra and Tavola), i, 1040. 

Methylguanidine, acetyl and benzoyl 
derivatives, and their salts (Green- 
wald), i, 840. 

nitrate (Fromm, Barrenscheen, 
Frieder, Pirk, and Kapeller), 
i, 596. 

£ - Methyl- Aay-heptadiene (Grignard 

and Dubien), i, 42. 

j8-Methylheptane-/85-diol (Grignard and 
Dubien), i, 112 . 

7 -Methylheptan-B-oI, and its acetate 
(Powell), i, 8 . 

y-Methylheptan-jS-one, and its semi- 
carbazone, and 5-hydroxy- (Powell), 
i, 7. 

/3-Methyl- Ay-hepten-/8-ol (Grignard and 
Dubien), 111. 

/3-Methyl-A0-hepten-5-ol, and its allo- 
phanate (Grignard and Dubien), i, 
112 . 

/3-Methyl- AP-hepten-C-ol, benzoate of 
(Helferich and Fries), i, 1039. 

Methylheptenone , oxidation of, with 
ozone (Verley), i, 406. 

/8-Methyl- Ay-hepten-e-one, and its semi- 
carbazone (Thoms and Kahre), i, 788. 

7 - Methyl- Ay-hepten-B-one, and itssemi- 
carbazone (Powell), i, 7. 

/ 8 - Me thylhexaldehyde , and its semicarb- 
azone (Dewael and W eckering), i, 3. 

7 -Methylhexane, a-bromo- and a-chloro- 
( Dewael and W eckering), i, 3. 

1 -Methyl- 3:4-eyefohexanediol ethyl ether 
(Kutz and Hoffmann), i, 910. 

7 - and 5-Methylhexanols, and their 
derivatives (Dewael and Wecker- 
ing), i, 3. 

Methyicg/cfohexanols, surface tension and 
vapour pressure of, and their mixtures 
with benzene (Weissenberger and 
Schuster), ii, 648. 

l-Methyl-3-c?/cZohexanol-4-acetic acid, 
lactone (KOtz and Hoffmann), i, 
911. 

l-Methyl-3-c?/cZohexanol-4-maloiiic acid, 
and its derivatives (K5 tz and Hoff- 
mann), i, 911. 

1- Methylcycfohexan-4-one, chlorination 
of (Godohot and Bebos), i, 258. 

1 - MethylcycZohexan-e-onfi, methylation 
of, with benzaldehyde (Haller and 
Cornubert), i, 1071. 

2- Methylcycfohexanone, derivatives of 
(Haller and Cornubbrt), i, 1071, 


2-Methylo2/cZohexanone, 2:6-fZ?bromo-, 
action of alkalis on (Cusmano), i, 
818. 

2 - cyano-, and its derivatives (v. Atr- 
wers, ’Bahr, and Frese), i, 312. 

2- and 6-MethylcycZohexanones, 2-cyano-, 
and their derivatives (v. Auwers, 
Bahr, and Frese), i, 311. 

6-Methyl-A 1 -^Zohexene, 2-amino-l- 
cyano-, and its derivatives (v. Au- 
wers, Bahr, and Frese), i, 312. 

j3- and 7 -Methylhexoic acids, derivatives 
of (Dewael and, Weckering), i, 3. 

3- MethylcycZohexylacetic acid, ethyl 
ester (Becherer), i, 665. 

j3- and 6-Methylhexylamine, and their 
derivatives (Dewael and Wecker- 
ing), i, 3. 

3-Methylq/cZohexylethyl alcohol (Bech- 
erer), i, 665. 

l-Methyl-2-c?/cZohexylc2/cZohexane (Gar- 
land and Reid), i, 1281. 

1- Methyl-2-cycZohexylcyc?ohexanol 
(Garland and Reid), i, 1281. 

2- MethylcycZohexylhydroxylamine 
( Vavon and Berton), i, 807. 

l-Methyln/cZohexylidene-4-acetie acid, 
rotatory dispersion of (Richards and 
Lowry), ii, 632. 

3- Methyl^cMexylideneanthranilic 
acid, and its methyl ester (Perkin 
and Sedgwick), i, 64, 

l-Methyl-2-c2/cZohexylidenecycZohexanol 
(Garland and Reid), i, 1281. 

l-Methyl-G-cycZohexylidene-A 1 -^^- 
hexene (Garland and Reid), i, 1281. 

a-S-Methylc^cZohexylpropionic acid, and 
1 -hydroxy-, and their ethyl esters 
(Becherer), i, 665. 

/8-3-Methyl<n/rZohexylpropyl alcohol 
(Becherer), i, 665. 

Methylc 2 /cZohexylgemicarbazides(VAVON 
and Berton), i, 807, 

4- Methylhydrindene, and tfnbromo- 
(Kruber), i, 1138. 

4-Methylhydrindenesulphonic acid, and 
its salts and amide (Kruber), i, 1138. 

Methylhydrobenzoins, optically active, 
dehydration of (McKenzie and 
Roger), i, 25. 

l-Methyl-4-p-hydroxybenzylhydantoin- 

3- acetic acid, and its derivatives 
(Hahn and Renfrew), i, 581. 

Methylhydroxyethylfumaric acid, deriv- 
atries of (KOster), j, 922. 

Methylhydroxyethylmaleic acid, pre- 
paration of (Bolster and Grassner ; 
Kuster), i, 922. 

Methylhydroxyglyoxime, metallic salts 
of (Ponzio and Ruggeri), i, 1041. 

7-Methy 1-4-p-hy droxy-wi-xnethoxy- 
styiylcoumarin (Dey and Row), i, 953. 
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1- Methyl-3-hydroxymethyleneci/cfc- 
hexan-4-one, derivatives of (v. Au- 
wers, v. Sass, and Wittekindt), i, 
1181. 

5-Methyliminazoline,2:5-cfoamino-,tetra- 
benzoate (Fromm, Barrensoheen, 
Frieder, Pirk, and Kapeller), i, 
595. 

Methylindazoles, and their derivatives, 
and <Zibromo-, tfribromo-, and iodo- 
(v. Auwers and Lohr), i, 74. 

Methylindazoles, 4-nitro- (v. Auwers 
and Frese), i, 1102. 

5-Methylindazole-2-carboxylic acid, 
ethyl and methyl esters (y. Auwers 
and Lohr), i, 74. 

7-Methylwroindigotin, and its derivatives 
(Wahl and Faivret), i, 588. 

7 -Methylindirubin (Wahl and Faiv- 
ret), i, 588. 

2- Methylindole, 3-chloroacetyl deriv- 

ative (Kaller & Co.), i. 297. 
picryl derivatives (Korczynski and 
Kierzek), i, 973. 

2-Methylindole, 3-cyano- (Seka), i, 
67. 

5-Methylindole-3-aldehyde (Robson), i, 
298. 

5-Methylindolylidenehydantoin (Oddo ), 
i, 298. 

2- Me thylindolyl-2'- me thylindolidene - 
methane, metallic derivatives (Kunz 
and SttIhlinger), i, 1319. 

a-Methylindyl-a-methylindolidene- 
me thane, derivatives of (Pfeifer, 
Rheinboldt, and Wolf), i, 412. 

2-Methylindyl-2-methylindolidene- 
phenylmethane-o- carboxylic acid, 

potassium salt (Om>o), i, 588. 

7-Methylisatan (Wahl and Faivret), 
i, 588. 

4- and 6-Methylisatin (Mayer and 
Schulze), i, 1315. 

7-Methylisatin, derivatives of (Wahl 
and Faivret), i, 588. 

Methylisatoic anhydride (Heilbroh, 
Kitchen, Parkes, and Sutton), i, 
1321. 

Methylisatoid, silver derivative (Hant- 
zson), i, 701. 

Methylitamalic acid, barium salt 
(Ingold), i, 358. 

Methylketolephthalein, See Di-2- 
methylindylphthalide. 

Methylketole-yellow. See 2-Methyl- 
indyl-2-methyliudolidenephenyl- 
methane-o-carboxylic acid, potassium 
salt. 

Methyl ketones, formation of, from tri- 
glycerides and fatty acids by moulds 
(Starklb), i, 205. 

Methyl-Uchenin (Schmid), i, 1386. 


Methylmaltoside, and its hepta-aeetyl 
derivative (Freudenberg, v. Hoch- 
stetter, and Engels), i, 635. 

Methylmercuric hydrogen carbonate and 
mercaptan (Koten and Adams), 
i, 236. 

^nnitrobenzoate (KharASCH and 
Grafflin), i, 1107. 

2-Methyl-l-methylenehenzthiazoline 
(Konig and Meier), i, 705. 

6(?)-Methyl-a-methyl-d-glucoside (Hel- 
ferioh and Becker), i, 10. 

Methylmorphimethines (Speyer and 
Koulen), i, 59. 

2-Methylnaphthalene, 6-amino-, 5- 
amiu o-6 -hydroxy-, 6-hydroxy-, 5- 
nitro- 6-hydroxy-, and 5-nitroso-6- 
hydroxy-, and their derivatives 
(Dziewo&ski, Schobnowna, and 
Waldmann), i, 1056. 
amino-, bromo-, nitroamino-, and 
nitro -derivatives, and their deriv- 
atives (Yesely and Kapp), i, 
246. 

l-bromo-4-nitro- (Yesely and Kapp), 
i, 804. 

2-Methylnaphthalene-6-sulphonic acid, 
derivatives of (Dziewo^ski, Sohoe- 
n6wn a, and Waldmann), i, 1057. 

2-Methyl-5:6-naphthaquinone (Dzie- 
wotfsia, Schoen6wna, and Wald- 
mann), i, 1057. 

a-Methyl-jS-naphthoic acid, ethyl ester 
(v. Auwers and MOller), i, 404. 

A 1 -a-Methyl-^-naphthoic acid, ethyl 
ester (v. Auwers and Moller), i, 
404. 

2-Methylnaphthols, and bromo- (Yesely 
and KAPr), i, 246. 

2- Methyl-a-naphthylamine, 5-bromo- 

and its acetyl derivative and 4-nitro- 
( Yesely and Kapp), i, 246. 

5-nitro-, and its acotyl derivative 
(Vesely and Kapp), i, 804. 

Y-Methylnicotone (Karrer and Wid- 
mer), i, 1084. 

W-Methylniquine and its derivatives 
(Suszko), i, 1449, 

3- Methyl-l-o-nitrobenzoylpyrrole (v. 

Auwers and Daniel), i, 1181. 

Methylnitrobenzylindazolium iodides 
(v. Auwers and Pfithl), i, 1101. 

1-Methylnitrouracil triacetylxyloside 
(Lkvene and Sobotka), 1, 1464. 

Methyl w-nonadeoyl ketone (Morgan 
and Holmes), i, 514. 

5-Methyl- A7«-nonadiene (Grignard and 
Dubirn), i, 112. 

5-Methyl-A*-nonen-5-ol (Grignard and 
DrBrEN), i, 111. 

Methyl nonyl ketone (Schimmel & Co,), 
i, 417. 
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Methyl €-nonyl ketone (Hess and 
Bappert), i, 349. 

Methyl w-octadecyl ketone (Morgan and* 
Holmes), i, 514. 

7 -Methyl-A^-octadiene (Grignard and 
Dubien), i, 112. 

10-Methyloctahydroacridine, and its 
picrate (Perkin and Sedgwick), i, 
65. 

3- Methyloctahydroindole, picrate of (v. 
Braun and Bayer), i, 429. 

7-Methyloctane-7€-diol (Grignard and 
Dubien), i, 112. 

£-Methylcctanols (Thoms and Kahre), 
i, 78$. 

#-Methyloctan-£-one, and its semi- 
carbazone (Thoms and Kahre), i, 

, 788. 

7-Methyl- ay- octen-e-ol (Grignard and 
Dubien), i, 112. 

7-Methyl- AS- oo ten-7-ol (Grignard and 
Dubien), i, 111. 

jS-Methyl-Ar-octenones, and their semi- 
earbazones (Thoms and Kahre), i, 
788. 

Methyl orange (helianthin), formula of 
(Thiel), ii, 87. 

ionisation of (Kolthoff), ii, 296. 

5-Methyloxazolidine, 2-imino- 5-chloro-, 
and its derivatives (Fromm, Barren- 
soheen, Frieder, Pirk, and Kapel- 
ler), i, 595. 

5-Methyloxazoline,2~amino-5-hydroxy-, 
tribenzoate (Fromm, Barrbnsoheen, 
Friedbr, Pirk, and Kapeller), i, 
595. 

Methyb’sopelletierine (Hess and Grau), 
i, 425. 

l-MethylcytfZopentan-5-one, methylation 
of, with benzaldehyde (Haller and 
Cornubert), i, 1070. 

j3-Methyl-AP-pentenal phenylhydvazone 
(v. Auweus and Kreuder), i, 
1454. 

a-Methyi-Ay-pentenoic acid (Bhide and 
Svdborough), i, 1128. 

jS -Methyl- A<*- and -A£-pentenoic acids, 
and their derivatives (Kon and Li in- 
stead), i, 506. 

7-Methyl- AP-penten-5-one, £-hydroxy- 
(Kaufmann and Liepe), i, 1241. 

4- 7-Methyl-Aa-pentenoyl-4'-dimethyl- 
aminoazobenzene, and its hydro- 
chloride (Thoms and Kahre), i, 
789. 

7-MethyIpentinen‘7-ols, and their esters 
(Rupe and Yonaesoh), i, 499. 

9-Methylphenanthrene, synthesis of, 
and its picrate (Windaus, Jensen, 
and Sohramme), i, 19. 

Methylphenazine, hydroxy- (Kehr- 
mann and Cherpillod), i, 308. 


Methylphenoxazine-o-quinone, con- 
densation of, with o-aminophenol and 
(?-diamines (Kehrmann and Wild), 
i, 444. 

5- Methylphenylene-l :8-diacetic acid, 

aud its derivatives (v. Braun and 
Engel), i, 382. 

0- Methylphthalimidine (Griffiths and 
Ingold), i, 1191. 

6- Methylpicolinic acid, derivatives of 
(Meyer), i, 836. 

6-Methyl-l :2-piperidazine-l :2-dicarb- 
oxylic acid, 3-chloro-, ethyl ester 
(Diel, Blom, and Koll), i, 

976. 

Methylprasindone, salts of (Kehrmann 
and Cherpillod), i, 303, 

1- Methylcn/c^propane-l:2-dicarhoxylic 
acids, and their derivatives (Ingold), 
i, 358. 

3-Methylc?/cfopropane- 1 :2-dicarboxylic 
acid, 2:3-<&bromo-, methyl ethyl ester 
(Goss, Ingold, and Thorpe), i, 
550. 

Methylpropargylaniline, and its salts 
(v. Braun, FussgInger, and Kuhn), 
i. 1401. 

Methylpropargylcyanamide (v. Braun, 
Fussganger, and Kuhn), i, 1402. 

0-Methyl- A£-propene, a-bromo- (Merej- 
kovski), i, 878. 

3-Methyl- A*-cyc&>propene-l:2-dioarl>- 
oxylic acid, esters of (Goss, Ingold, 
and Thorpe), i, 549. 

Methyl-A rt -propinenyI ketone (Yvon), 
i, 514. 

5-Methylpropiophenone, 2-hydroxy-, 
oxime and semicarbazone (v, Auwers, 
Leohner, and Bundesmann}* i, 
266. 

Methyb'sopropylanthracene picrate 
(Phillips), i, 45. 

1:4-Methylw0propylanthraqninone, 
and dmitro- (Phillips), i, 45. 

0- 2:5-Methylw’0propylbenzoylhenzoio 
acid (Phillips), i, 45. 

Methyl-^-propylglycerol. See Heptane- 
075-triel. 

1- Metbyl-4-wopropylcycfohexanol- 
malonic acid, ethyl ester lactone 
(Kotz and Hoffmann), i, 911, 

2- Methy 1-2-rc -propylcycMexanone, 
derivatives of (Haller and Cornu- 
bert), i, 1071. 

2-Methyl-5-^0propylc?/cf0hexylacetic 
acid, 1-hydroxy-, ethyl ester 
(Becherer), i, 666. 

2-Methyl-5-w0propyl<?y0^hexylethyl 
alcohol (Bkcherer), i, 665. 

2-Methyl-5-f$0propyItf/cfohexylidene- 
1-acetio acid, sodium salt and ethyl 
ester (Becherer), i, 665. 
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a-2-MethyI-5-£$0propylcycffohexylidene- 
propionic acid, and its ethyl ester 
(Becherer), i, 665. 

a-2-Methyl-5-&opropylc2/c?0hexylpro- 
pionic acid, 1 -hydroxy-, ethyl ester 
(Becherer), i, 665. 

j8-2-Methyl-5-&0propylcjycZ0hexylpropyl 
alcohol (Becherer), i, 665. 

Methylpropylindazolinm salts (v. 
Auwers and Pfuhl), i, 1101. 

Methyl propyl ketones, chloro-oximino- 
(Rheinboldt and Sohmitz-Dumont), 
i, 1132. 

Methylpropylnonylcarbinols (Thoms 
and AmbrUs), i, 789. 

7*2-Methyl-5-i6^propylphenylpropmene 

. (Bert, DoriEr, and Lamy), i, 1374. 

3-Methyl-5-^opropylpyrazoline, and its 
derivatives (Locquin and Heilmann), 
i, 837. 

3-Methyl-4-?i-propyl-5-pyrazolone 
(Hirst, Macbeth, and Traill), i, 
1251. 

3-Methylpyrazole-l-carboxyl chloride 
(v, Auwers and Daniel), i, 1181. 

Methylpyrazole-l-carboxylamides, and 
4-bromo- (v. Aijwers and Daniel), 
i, 1181. 

3-Methylpyrazole-l -carboxylic acid, 

esters (v. Auwers and Daniel), i, 
1180. 

Methylpyrazolines, and their derivatives 
(FrBudenberg and Stoll), i, 71. 

1- Methyl-5-pyrazol-3-one (v. Atjwers 
and Mauss), i, 1179, 

Methylpyridine, 2-thiol-, and its salts 
(Koenigs and Geissler), i, 166. 

2- Methylpyridine, 4:6-dftchloro-5-cyano- 

(SpaTh and Roller), i, 1446. 

4- hydroxy- s and its 6-carboxy lie acid 

(Collie and Bishop), i, 974. 

3- Methylpyridine, 2-araino- (Tsohit- 

SOBIBABIN ; SbiBE), i, 1328. 

2-chloro-, 2-hydroxy-, and nitro- 
amino-, and tlieir derivatives 
(Seibe), i, 72. 

2-Methylpyridine-5-earboxylamide, 
4:6-^'ihydroxy- (Spath and Roller), 
i, 1446. 

l-Methyl-2-pyridone, 3-nitro- (Tscjhit- 
hohibabin and Konovalova), i, 1329. 

l-Methyl-4-pyridoneimine, and its salts 
(Tschitsohibabin and Ossetrova), 
i, 1328. 

l-Methyl-2-pyxidylnitroimxne (Tschit- 
sohibabin and Mensohikov), i, 437. 

l-Methyl-2-pyridylnitroimine, 3- and 

5- nitro- (Tschitsohibabin and Kono- 
valova), i, 1329. 

AT-Methyl-2-[2-pyridyl]pyrrole, and its 
picrate (Tschitsohibabin and Bylin- 
kin), i, 1174. 


1- Methyl-2-pyrimidine, 5-nitro-, and its 
salts (Tschitsohibabin and Kono- 
valova), i, 1329. 

4- Methylpyrimidine-5- carboxylic acid, 

2- amino-, and its ethyl ester (Hitter 
and Palit), i, 1320. 

Methylpyriminazole, and its chloro- 
platinate (Tschitsohibabin), i, 1328. 

2- Methyl-4-qninazolone, 3-amino-, pro- 
pionyl derivative,and 3-m-nitroamino-, 
benzoyl derivative (Heller, GSring, 
Kloss, and Kohler), i, 1323. 

2-Methylquinoline ( quinaldine ), salts of 
(Troger and Dunker), i, 433. 

2-MethyliiuinoUne, 4-chloro-, derivatives 
of (Fischer, Diepolder, and W6 l- 
fel), i, 439. 

7-2-Methylqninoline-3-l)ntyric acid, 
4-hydroxy- (Paterson and Plant), 

i, 1147. 

A r - Me thy 1 - ?'soquinotoxm (Suszko), i, 
1449. 

Methyl-red, ionisation of (Kolthoff), 

ii, 296. 

iV-Methyla^osafranone, and its salts 
(Kehrmann and Oherpillod), i, 303. 

Methylsnccinimide, derivatives of, and 
iV-chloro-, and iV-hydroxy- (Cher- 
buliez and Sulzer), i, 1252. 

Methyltartaric acid, synthesis of (Goe- 
bel), i, 1038. 

Methyltetrahydroacridone (Perkin and 
Sedgwick), i, 64. 

7-Methyltetrahydroanthranil, U-amino-, 
and its derivatives (v, Auwers, Bahr, 
and Frese), i, 312. 

Methyltctrahydrobenz-3:4- and -4:5-iso- 
oxazoles, and 5 -amino-derivative of 
the former (v. Auwers, Bahr* and 
Frese), i, 310. 

5- Me thy 1-4: 5 : 6 : 7-tetrahydroindazole, 
and its picrate (v. Auwers, v. Sass, 
and WiTTBKINDT), i, 1182. 

7 -Methyl -4 : 5 :6 : 7 -tetrahydroindazole, 

3- amino-, and its salts and derivatives, 
and 3-bromo- (v. Auwers, Bahr, and 
Frese), i, 312. 

5-Methyltetrahydroindazole-2-carboxyl- 
amide (v. Auwers, v. Sass, and 
Wittekindt), i, 1182. 

7-Methyl-4:5:6:7-tetrahydroindazole- 
2-carboxylamide, 3-amino- (v. Au- 
wers, Bahr, and Frese), i, 311. 

7-Methyltetrahydroindazolenaphtha- 
triazine (v. Auwers, Bahr, and 
Frese), i, 813. 

1-M ethyl- 1 :2: 3:4-tetrahydronaphtha- 
lene, l:2-$£hydroxy- (v. Auwers), 
i, 241. 

Methyl-£-8-(3:4:5:6-tetramethoxy)- 
phenanthrenylethylamine, and its 
hydrochloride (Osada), i, 283. 
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p-Methylthiobenzamide (Schonberg, 
Abelsdorff, Antonoff, and Kirch- 
ratii), i, 557. 

4-Methylthiochroman-4-ol (Kroll- 

PFEIFFEB, SOHULTZE, SCHLUMBOHM, 

and Sommermeyer), i, 1307. 

6 -Methylthiochr omanone , and 3-mono- 
and 3:3-$vbromo-, and their deriv- 
atives (Arndt), i, 1309. 

* salts of (Arndt and Pusch), i, 1304. 

MethylfcMochromanones, and tlieir de- 
rivatives (Krollpfeiffer, Schultze, 
Schlumbohm, and Sommermeyer), 
i, 1305. 

4- Methyl-A 3 -tbiochromene (Kroll- 
pfeiffer, SOHULTZE, SCHLUMBOHM, 
and Sommermeyer), i, 1307. 

6-Methylthiochromonol, derivatives of, 
and 2-bromo-2-chloro-, and 2:2 -di- 
chloro- (Arndt), i, 1311. 

6-Methylthiocoumarin, and its merctiri- 
chloride (Thompson and Edee), i, 1442. 

6-Methylthioflavanone, 3 -mono- and 
3:3-di-bromo-, and their derivatives 
(Arndt), i, 1309. 

6-Methyl-l-thioflavone, and 3-bromo-, 
2:3-<&bromo-, and their derivatives 
(Arndt), i, 1309. 

5 -Methyl-2- thiohydantoin, and its deriv- 
atives (Sjollema and Sebkles), i, 
1175. 

m-Methylthiolphenylmethylsulphone 
(Twist and Smiles), i, 895. 

5- Methylthiol-3-phenyl-2-tetradecyl- 
2:3-dihydro-l:3:4-thiodiazoIe (Lan- 
da), i, 1039. 

6- MethyIthiol-m-toIuic acid (Arndt), 
i, 1311 ; (Krollpfeiffer, Schultze, 
Schlumboiim, and Sommermeyer), i, 
1306. 

5-MethyltMonaphthen»2-aIdehyde, 3- 
hydroxy-, and its derivatives (Kroll- 
pfeiffer, Schultze, Schlumbohm, 
and Sommermeyer), i, 1306. 

2- Me tbylthiophen, and nitro- (Chrza.sz- 
ozewska), i, 956. 

4- Methylthiophen-2:3:5-tricarboxylic 
acid (Sera), i, 1299. 

Methyl ju-tolyl ketone, cbloro-oximino- 
(Rheinboldt and Schmitz-Dumont), 
i, 1132. 

l-MethyI-l:2:3-triazo!e-4:5-dicarboxylic 
acid, and its methyl ester (Grisch- 
kevitsoh-Trochimovski and Kotko), 
i, 1104. 

Methyl-tribenzoyl-a-methyl-^-glucoside 
(Helfrrioh and Becker), i, 10, 

5- Methyl- A5-trideceae (Thoms and Am- 
bbijs), i, 790. 

6- Metbyl-2. 3*.5-triketopiperazine (Berg- 
mann, Miekeley, and Kann), i, 
1184* .. 


Methyltrimethylammoninm iodide, hydr- 
oxy-, acetyl derivative, and iodo-, 
action of, on the nervous system (Hunt 
and Rensiiaw), i, 861. 
^-3-Methyltryptophan, synthesis of 
(Robson), i, 297. 

5-Methylumbelliferone-4-acetic acid 

(MtiLLER), i, 1443. 

1-Methyluracil xyloside and triacetyl- 
xyloside (Levene and Sobotka), i, 
1464. 

Methyluraoils, alkylated, action* of form- 
aldehyde on (Schmedes), i, 435. 
Methylurethane, nitroso-, . reaction of 
pyrocatechol tannins with (Vogel), 
ii, 827. 

1-Methyluric acid, oxidation of, in 
alkaline solution (Piaux), i, 165. 
O-Methylvaleryl chloride, a-bromo- 
(Abderhalden and RossNEijO, i, 
975. 

7-Metbylvalerylpiperazine, 1 : 4-cfo’bromo- 
(Abderhalden and Rossner), i, 
975. 

Methylvanillin, preparation of (Brine r, 
v. Tscharner, and Paillard), i, 
1069. 

Methylvasicine, hydroxy- (Sen and 
Ghosr), i, 958. 

Methylvinylcarbinol, resolution and ro- 
tation of, and its esters (Kenyon and 
Snellgrove), 1, 771. 
Methylvinylmaleic anhydride (KthsxEii), 

i, 922. 

Methyl-d-xylosides, rotation of (Hud- 
son), i, 232. 

Mica, hydrolysis of (Zemiattschenski), 
ii, 814. 

orientation of ammonium iodide on 
(Royer), ii, 270. 

Micas, classification of (Hallimonp), 

ii, 819. 

Mica group (Winchell), ii, 592. 
Microbes {micro-organisms)^ effect of 
toxicity of the medium on life- 
period of (Pavlov), ii, 958. 
action of the electric current on 
(Kleiber), i, 1509. 
reduction by (Ferro), i, 340. 
energy balance in growth of (Tek- 
roine, Trautmann, and Bonnet), 
i, 1117. # # 

decomposition of amino-acids and 
proteins by (Waksman and Loman- 
itz), i, 867. 

in soils, effect of hydrogen -ion con- 
centration on (Rippbl), i, 220. 
liberation and fixation of iodine by 
(v. Fellenberg and Geilinger), 
i, 339. 

utilisation of paraffin by (Tausson), 
i, 479. 
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Microbes (micro-organisms), fermenta- 
tion of sugars by (Kluyver and 
Donker), i, 1215. 

formation of plant vitamins by (Mock- 
eridge), x, 106. 

Microsiphonece , ntilisation of nitrogen 
by, in soils (Guittoneau), i, 106, 
341. 

Microtome for cutting gels (Fricke), 
ii, 965. 

Milk, action of hydrogen ions in coagul- 
ation of (Cosmovici), i, 608. 
arsenic in, after injection of salvarsan 
(Fordyce, Rosen, and Myers), 
i, 189. 

bacteriolytic power of (J. and M. 
Bordet), i, 616. 

effect of heat on solubility of calcium 
and phosphorus compounds of 
(Bell), i, 998. 

separation of the Schardinger enzyme 
from (Hopkins and Dixon), i, 
1506. 

perhydridase of (Sbarsky and Mich- 
lin), i, 472. 

inorganic phosphates in (Ylabesou), 
i, 1114. 

phosphorus compounds in (Kay), i, 
998. 

effect of replacement of proteins by 
urea in diet on production of (Mor- 
gan, Windheuser, and Ohlmer), 
i, 217. 

xanthine oxydase of (Thurlow), i, 
743. 

cows’, constituents of (Bleyer and 
Kallmann), i, 184. 
influence of sunlight on properties 
of (Luge), i, 211. 

precipitation of calcium from 
(Rgthwell), i, 1350. 
citric acid in (Kieferle, Schwai- 
bqld, and Hacicmann), i, 855. 
yellowish-green colouring matter of 
(Bleyer and I-Callmann), i, 457. 
cows’ and human, phosphorus content 
of (Hess and Helman), i, 1204. 
vitamins in (Pringle), i, 1018. 
dried and evaporated, vitamin content 
of (Hartwell) i, 751. 

Milk-agar, use of, in bacterial investiga- 
tions (Slobodska-Zaykqvska), i, 
1510. 

Milk-serum, organic phosphorus com- 
pounds in (Pfyl and Samter), i, 
1114, 

Milkweed. See Jscelpias syriaca. 

Millon’s base, decomposition of the 
iodide of (Petrikaln), ii, 630. 

Mineral sulphides, electrosynthesis of 
sols of (v. Hahn), ii, 522. 

Mineral waters. See under Water. 


Minerals, density of (Paniohi), ii, 64. 
absorption of oxygen and water by 
(Kurnakov), ii, 767. 
transformation of, by replacement of 
gels (Lindgren), ii, 392. 
of the mica group (Winchell), ii, 592. 
determination of the age of (Kirsch), 
ii, 320. 

fusion mixture for separation of 
(Clerici), ii, 594. 

“Mischmetal,” cerium-free, preparation 
of (Thompson and Kremers), ii, 580. 

Mists from chemical reactions (Remy 
and Ruhland; Remy and Kooh), 
ii, 107. 

Mixtures, binary, influence of chemical 
constitution on the thermal pro- 
perties of (Pascal), ii, 953. 
vapour pressure of (Brown), ii, 377. 

Molecular association (Rocard), ii, 1045. 
of organic liquids (Lange), ii, 840. 
and the equation of state (Jarvi- 
nen), ii, 865. 

diameter, calculation of (Sirk), ii, 184. 
field, determination of (Jones), ii, 16, 
91, 92. 

and molecular volume (Batschin- 
ski), ii, 932. 

symmetry and optical activity (Dar- 
mois), ii, 1119. 

Molecules, structure of (Muller), 
ii, 363 ; (Cabrera), ii, 1107. 
formation and decomposition of 
(P6lAnyi arid Wigner), ii, 1077. 
refraction and electron constraint in 
(Smyth), ii, 843, 1019. 
magnetic, properties of (Wilsdon), 
ii, 641, 

collisions between (Franck), ii, 836. 
hydration of (Frioke), ii, 86. 
anisotropy of (Ramanathan), ii, 478. 
diameter of (Sirk), ii, 364. 

in isomerides (WOhlisch), ii, 269. 
determination of cross-section areas of 
(Mack), ii, 1124. 
activation of (Dhar), ii, 214. 
dipolar, electric moment of (Ebert), 
ii, 262. 

polyatomic polar, configuration of 
(Hund), ii, 479. 

Molybdenum, JT-series spectrum of 
(AlIison and Duane), ii, 250 ; 
(RiGhtmyer and Spencer), ii, 1101. 
wave-length of Ka rays of (Compton 
and Woo), ii, 1128. 

Rontgen ray spectra of (Allison), ii, 
724 ; (Allison and Armstrong), 
ii, 1015. 

A r -ray absorption coefficient of (War- 
burton and Richtmyeu), ii, 1103. 
pure, electrical properties of (Geiss 
and van Likmpt), ii, 638. 
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Molybdenum, electron emission from 
(Dushman, Rowe, Ewald, and 
Kidner), ii, 345. 

critical potential in (Petry), ii, 
1017. 

temperature scale and melting point 
of (Worthing), ii, 759. 

Molybdenum alloys, chemical resistance 
of (Guertler and Lights), ii, 1146. 
with aluminium and nickel and with 
nickel and tin (Pfaijtsoh), ii, 536. 
with chromium and nickel (Siedsch- 
lag), ii, 298. 

with nickel and silicon (Pfautsch), 
ii, 298. 

Molybdenum compounds, complex 
(Scagliaiuni), ii, 891. 
tervalent (WARDLAWand Parker), i, 
893. 

Molybdenum ^bromide, and its deriv- 
atives (Lindner and Helwig), ii, 
421. 

dio h xomate (Calcagni) , ii, 891 . 
halides, action of, with ammonia and 
with potassamide in liquid ammonia 
(Bergstrom), ii, 1083. 
inoxide, volatility of, and its form- 
ation from the sulphide (Brinton 
and Stopped), ii, 72. 

3?mtaide (Wardlaw and Nicholls), 
ii, 817. 

selenide (Moser and Atynski), ii, 

583, 

Molybdenyl chloride (Wardlaw and 
Wormell), ii, 61. 

Molybdic acid, complex compounds of, 
with pyrocatechol and pyrogallol 
(Fernandes), i, 912, 1061. 
Molybdates, isomorphism of (Zambo- 
nini and Levi), ii, 1133, 
Rithiomolybdates (ter Meulen), ii, 

584. 

Molybdosulphites of the rare earths 
(Canneri and Fernandes), ii, 888. 
Molybdovanadates(CANNERi), ii, 891. 
Molybdenum organic componnds 
Molybdic acid, compounds of organic 
acids with (Honnelaitre), i, 
509. 

alkyl and aryl ammonium salts 
(Krause and Krauskopf), i, 
908. 

Molybdenum determination and 
separation:—* 

determination of, colorimetrically 
(ter Meulen), ii, 330 ; (Wende- 
horst), ii, 718. 

determination of, as trioxide (Hart* 
MANN), ii, 1206. 

separation of; from vanadium (Stop- 
pel; Sidenerv and Brinton), ii, 
■ 718 , 


Molybdomalio acid, ammonium salt, 
effect of hydroxy compounds on 
rotation of (Barmois and Honne- 
laitre), ii, 184. 

Molybdosulphites and Molybdovan- 
adates. See under Molybdenum. 

Monascxts purpureus, colouring matter 
from (Hibino), i, 1118. 

Monocotyledons, starch-free, carbo- 
hydrate enzymes of (Chapman), i, 
215. 

Monosaccharides, constitution of (Hirst 
and Robertson), i, 364. 
condensation of, with dilute mineral 
acids (Levenb and Ulpts), i, 1042. 
degradation of mercaptals of (Pacsu), 
i, 515. 

Monotropitin, enzymic hydrolysis of 
(Bridel), i, 615. 

Monotropitoside, preparation and pro- 
perties of (Bridel and Picard), i, 
1027. 

Montanie acid, montanyl ester 
(Fargher and Higginbotham), i, 
880. 

Mordanting, theory of (Elod), ii, 531, 

Moxinidin chloride (Willstattkr and 
Schmidt), i, 54. 

and its 3:2':4'-trimethyl ether and 
perchlorate (Pratt and Robin- 
son), i, 826. 

Morphine, and its derivatives, physio- 
logical action of (Zamparo), i, 
1116. 

arsenious tartrate (Debucquet), i, 
1090. 

determination of, by titration with 
siiicotungstic acid (Sas), ii, 1011, 

Morphine alkaloids (Wieland and 
Kotake), i, 1448. 

structure of (Wikland and Kotake), 
i, 1090. . 

Mosses, respiration and imbibition in 
(Mayer and Plantefol), i, 1120. 

Mother-of-pearl, structure of (Shaxby), 
ii, 93. 

Moulds, formation of citric and gluconic 
acids by (Butkevitsch), i, 341. 
formation of methyl ketones by 
(Sparkle), i, 205. 
phosphorus metabolism of(ScHNffOKE), 
i, 204. 

utilisation of quinic acid by 
(Butkevitsch), i, 1511. 
decomposition of uric acid by (Morris 
and Ecker), i, 478. 

Mucic acid, and its salts (Khotinoka 
and Epifanova), i, 783. 
nephropathic action of (Rose and 
Dimmbtt), i, 733. 

Mucilage from plants (Komatsu and 
Ueda), i,762. 
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Mullite, formation of, from cyanite, 
andalusite, and sillimanite (Greig), 
ii, 987. 

crystal structure of sillimanite and 
(Navias and Davey), ii, 1127. 

Muscarine in fungi (Guth), i, 1247. 

Muscle, effect of ions on tie functions of 
(Abraham and Kahn), i, 728 ; 

. (Lange and Mayer; Decticke), 
i, 729, 

synthesis of carbohydrates in (Meyer- 
hof, Lohmann, and Meier), i, 
727. 

re-synthesis of carbohydrates in 
(Jansson and Jost), i, 1354. 
relation between pancreas and carbo- 
hydrate metabolism of (Foster), i, 
i, 1495. 

production of carbon dioxide by 
(Lipschitz and Meyer), i, 603. 
carnosine in, in relation to excretion 
of iminazole (Hunter), i, 459. 
contraction of (Garner), i, 607. 
function of creatine in (Tiegs), i, 
1003. 

formation of lactic acid in 
(Furusawa), i, 849. 
creatine content of (Reisser and 
Hamann), i, 860. 
influence of polyneuritis on (Kudr- 
javzeva), i, 329. 

influence of ions on the decomposi- 
tion of glycogen in (Weber), i, 
1004. 

changes of glycogen and phosphates 
in (v. Euler, Myrback, and 
Karlsson), i, 744. 
effect of insulin on oxidation in 
(Ahlgrbn ; Kitzesou and Cosma), 
i, 482. 

effect of calcium on the synthesis of 
lactacidogen in (Emmrich and 
Lange), i, 728. 

effect of sodium salts on the synthesis 
of lactacidogen in (Kmbdbn, 
Kahlert, and Lange), i, 728. 
lactic acid in, during fatigue 
(Hentschel), i, 728. 
oxidation of lactic acid in (vvSzent- 
GySrgyi), i, 708. 

killed by insulin, lactic acid in 
(Baur and KUhn), i, 482. 
isoelectric points of proteins of 
(W6 hlisch and Sohriever), i, 
1488. 

colloidal properties of proteins of 
(Weber), i, 995. 

sugars in juice of (Constantino), i, 
720. 

cod’s, autolysis of (Callow), i, 469. 
fatigued, phosphate metabolism in 
(Andrews), i, 729. 


Muscle, frog’s, formation of acetaldehyde 
in (Neuberg and Gottschalk), 
i, 859. 

action of fluorides on the activity 
and metabolism of (Embden and 
Hentschel), i, 727. 
striated, effect of narcosis on (Lange 
and Mayer), i, 735. 
plain, physiology of (Tsubura), i,1004. 
smooth, action of narcotics on 
(Joaohimoglu), i, 735. 

Muscovite, orientation of ammonium 
iodide crystals on the surface of 
(Royer), ii, 110. 

Muscular exercise, supply and utilis- 
ation of oxygen in (Fgrusawa), i, 
993. 

effect of, on respiration and lactic 
acid (Furusawa, Hill, Long, and 
I, upton), i, 92 ; (Lythgoe and 
Pereira ; Pereira), i, 1341. 
effect of, on composition of urine 
(Liljestrand and Wilson; Wil- 
son, Long, Thompson, and Thur- 
low), i, 1115. 

Mustard, white. See Sinapis alba . 

Mutarotation (Ruber), i, 8; (Riiber, 
Esp, and Berner), i, 635 ; (Ruber, 
Sorensen, and Thorkelsen), i, 
773 ; (Lowry ; Lowry and Rich- 
ards), i, 886 ; (Kuhn and Jacob), 
ii, 49, 

kinetics of (v. Euler, Olander, and 
Rudberg), ii, 876. 

Myeorrhyza, activity of enzymes in 
(Melin and Helleberg), i, 745. 

Mycgen, isoelectric point and stability 
of (Weber), i, 995. 

Myoporum laetum (ngaio), constituents 
of (McDowall), i, 1521. 

Myosin, isoelectric point and solubility 
of (Weber), i, 995. 

Myricetin, synthesis of (Kalff and 
R. Robinson), i, 423 ; (Dean and 
Nierenstein), i, 951. 
StfsS'^'iS-pentamethyl ether (Sonn, 
MAllbr, BAlow, and Meyer), i, 
938. 

Myristaldehyde jo-nitrophenylhydrazone 
(Stephen), i, 1131. 

Myristic acid, hydroxylamine salt 
(Oesper and Ballard), i, 1233. 
thallous salt(HOLDE and Takbhara), 
i, 1233. 

3-hydroxybenzaldeliyde-2-mercuric 
ester (Wellcome Foundation, 
Ltd,, Henry, and Sharp), i, 1152. 

3' -0 -Naphthac oumaryl-4-a-naphthapyr- 
one (Dey and Row), i, 149. 
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j8-Naphthacridine-12-oarboxylic acid, 
10-amino-, acetyl derivative (Saf- 
tibn), i, 1318. 

1 : 6-N aphthadiqtrinoline, and its sulph- 
ate (Armit and Robinson), i, 1172. 

Naphthalanil, o-amiuo-, and its deriv- 
atives (Chaicravarti), i,. 162. 

a-Naphthaldehyde jp-nitrophenylhydr- 
azone (Stephen), i, 1131. 

Naphthalene, structure of (Fuson), i, 
253; (Lesser, Kranlpuhl, and 
Sab), i, 1424. 

constitution and nitration of (Odelo), 
i, 804. 

molecular heat and viscosity of solu- 
tions of (be Kolosovski), ii, 1163. 
boiling point of (Finch and Wil- 
helm), ii, 759. 

surface tension of solutions of, in 
benzene (Schechtmann), ii, 1148. 
solubility of, in tetrachloroe thane 
(Cohen, de Meester, and Moes- 
veld), ii, 190, 852. 
pyrogenic decomposition of, in pres- 
ence of aluminium and nickel oxides 
(Ipatiev and Kijukwin), i, 241, 
derivatives, hydrogenated, formation 
and spectrochemistry of (v. Auwers 
and Miller), i, 402 ; (v. Auwers), 
i, 815. 

analysis of, and its sulphonic acids 
(Calcott, English, and Down- 
ing), ii, 73. 

Naphthalene, i:3:4-£namino-, and 
3-nitro-l:4-<ftkmino-, acetyl deriv- 
atives ( Pan izzon-F a vre) , i, 145. 
2:7-^hydroxy-, derivatives of (Les- 
ser, Kranlpuhl, and Sab), i, 1426. 
2-iodo-5- and -8-nitro- (Chudo^ilov), 
i ( 903. 

Naphthalenes, hydrogenated (Straus, 
Bernoullv, and Mautnrr), i, 1155. 

Naphthalenes, ^riamino-, and their 
hydrochlorides and tfo'nitro- (Finzi), 
i, 701. 

bromonitro- (Yesel^ and Chudo- 
jSilov), i, 1056, 

Naphthalene series, hydrogenation in 
(Rowe and Tarbett), i, 317. 

l-Naphthaleneazo-2-hydroxynaptha- 
lene, l / -amino-2 / :4 / -^hydroxy- ( Ak- 
TIEN -GeSELLSCH AFT EUR ANILIN- 
Fabrikation), i, 989. 

a-Naphthaleneazo-ar-tetrahydro-a- 
naphthylamine (Rowe and Tarbett), 
i, 317. 

Naphthalene-3-carboxylio acid, 2-hydr- 
oxy-, constitution of (Lesser, Kran l- 
puML, and Sab), x, 1424. 

Naphthalenedisulphonic acids, benzyl- 
t^-tMocarbainide salts (Chambers and 
Scherer), i, 127. 


Naphthalene -2-sulphoiodide (Gibson, 
Miller, and Smiles), i, 1137. 

Naphthalene-2-sulphonic aeid, metallic 
salts, and their solubilities (Ephraim 
and Pfister), i, 896. 

Naphthalene-3-sulphonic acid, 1-cyano-, 
and its salts (Farbwerke vorm. 
Meister, Lucius, & Bruning), i, 
1426. 

Naphthalene-5*sulphonic acid, 1-chloro-, 
metallic salts, and their solubilities 
(Ephraim and Pfister), i, 897. 

Naphthalenesulphonic acids (Ambler, 
Lynch, and Haller), i, 126. 
arylamine salts (Forster and Key- 
w'orth), i, 126. 

benzyl-^-thiocarbamide salts (Cham- 
bers and Scherer), i, 127. 

a- and 3-Naphthalenesulphonylalanines, 
and their salts (Colles and Gibson), 
i, 137. 

2- Naphthalenethiolsulphonic acid, 6- 
methoxy-m-tolyl and 2:4-xylyl esters 
(Gibson, Miller, and Smiles), i, 
1137, 

Naphthalic acid, preparation of (Whis- 
ton), i, 140. 

1:8-Naphthalic acid, derivatives of 
(Mason), i, 33, 34. 

1:8-Naphthalyl chloride, preparation 
properties and derivatives of (Mason), 
i, 34. 

3- Naphthamido-p-cresols, 5-chloro-, and 
S-chloro-SiS'-bromo-, and their de- 
rivatives (Raiforb and Lankelma), 
i, 810. 

Naphthaphenanthrazine, amino-, acetyl 
derivative (Panizzon-Favre), i, 145. 

N aphthaphenazine, 3-hydroxy-, and its 
acetyl derivative (Kehrmann and 
Cherpillob), 5, 303. 

3- and 4-hydroxy- (Aktien-Gehell- 
SCHAFT FtfR ANILIN-FaBRIKATION), 
i, 304. 

2:3-c£?liydroxy-, and its diacetyl 
derivative (Kehrmann and Scheb- 
ler), i, 441. 

ajS-Naphthaphenazinesulphonie acids 
(Aktien-Gesellschaft Ftfit Anilin- 
Fabrikation), i, 304. 

Naphthaphenfluorindine (Kehrmann 
and Sohebler), i, 442. 

a£-Naphthaphenoxarsine, 7-chloro- 
(Aeschlimann), i, 706. 

a-Naphthapyrone-4-i?*dimethylamino- 
phenylethylene. See 4-p-Dimethyl- 
aminostyryl-a«naphthapyrone, 

a-Naphthapyrone-4-^methoxyphenyl- 
ethylene. See 4-p»Methoxystyryl- 
a-naphthapyrone. 

jS-Naphthaquincl monohydrate (Straus, 
Bernoullv, and Mautnrr), i, 1155, . 
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a-Naphthaquinoline-6:7-dicarboxylic 
acid (Stewart), i, 975. 
a-Naphthaquinone, action of magnesium 
phenyl bromide on (Franssen), i, 
1146. 

derivatives of (Sooi&rii Anonyme des 
Matures Colorantes), i, 413. 
l:4-Naphthaquinone, 2:3-cfa’amino-, de- 
rivatives of (Fries and Billig), i, 
938. 

2-nitro-, attempted synthesis of 
(Panizzon-Favre), i, 144. 

N aphthaquinones, action of organo- 
magnesium compounds on (Franssen), 
i, 1146. 

/8-Naphthaquinone-l-p-acetamido- 
pheny limine (Lantz and Wahl), i, 
820. 

1 :4-N aphthaquinone-4-anil , 5- and 6- 
amino-, acetyl derivatives (Sander), 
i, 982. 

1 -0 -N aphthaquinone - 1 - anisylimin e 
(Lantz and Wahl), i, 820. 
j8-Naphthaquinonearylimines (Lantz 
and Wahl), i, 820, 1159. 
l:4-Naphthaqumonediphenylimine, 2- 
hydroxy- (Lantz and Wahl), i, 
820. 

j8 -N aphthaquinone-1 -o-metho xyanil ' 
(Lantz and Wahl), i, 1159. 
Naphthaquinonyl thiosulphates, potass- 
ium salts (Heller), i, 315. 
a-l:4-Naphthaquinonyl-3-acetoacetic 
acid, 2-amino-, acetyl derivative, ethyl 
ester (Fries and Billig), i, 940. 
Naphtharhodamines (Mason), i, 34. 
j8-Naphthathioflavone (Sohonberg, 
Rosenbaoh, Krull, and Ostwald), 
i, 1300. 

N aphthazinesulphonic acids, colouring 
matters from (Aktien-Gesellschaft 
F tlR Anilin-Fabrikation), i, 1330. 
Naphthenic acids (Tanaka and Nagai ; 
Tanaka, Nagai, and Ishida), i, 
252. 

from Nishiyama petroleum (Tanaka 
and Nagai), i, 1271. 
conversion of, into ketones (Zelinski 
and Rjaohina), i, 39. 
l':2'-Naphthiminazole-2-benzoic acid 
(Chakravarti), i, 162. 
NaphthiminazoletrimethylcycZopentane- 
carboxylic acids ( Ch akrav ARTi and 
Gupta), x, 981. 

a-N aphthiminowothio-a-naphthamide 
(Ishikawa), i, 1149. 
3-Naphthoacetamide, 2-hydroxy-, and 
its acetyl derivative (Lesser, Kranl- 
puhl, and Sad), i, 1425. 

Naphthoic acid, hydroxy-, alkali vana- 
dyl salts (Rosenheim and Mono), i, 
1412. 


a-Naphthoie acid, 6-amino-, and its 
acetyl derivative (Dziewonski, 
Sohoen6wna, and Waldmann), i, 
1057. 

j8 -Naphthoic acid, l-bromo-2-hydroxy-, 
and 2-hydroxy-, salts and deriv- 
atives of (Lesser, Kranlpuhl, and 
Sad), i, 1425. 

7-bromo-3 -hydroxy-, and its derivatives 
(Chemische Fabrie: Griesheim- 
Elektron), i, 599. 

a-Naphthol, reaction of phenylcarbyl- 
amide with (Passerini), i, 1298. 
detection and determination of, in 
£-naphthol (Callan), ii, 444. 

a-Naphthol, 6-amino-, acetyl derivative 
(Sander), i, 982. 

5- bromo- (Fuson), i, 254. 

6- and 7-bromo- (Fuson), i, 540. 
2-nitro-4-amino-, acetyl derivative 

(Panizzon-Favrb), i, 145. 

^-Naphthol, catalytic dehydration of 
methyl alcohol and (Pluss), i, 
1410. 

derivatives of, with chloral hydrate 
and dimethylaniline (Sakoschan- 
asky), i, 1061. 

determination of, oxidimetrically 
(Taufel and Wagner), ii, 
1007. 

a- and 0-Naphthols, distinction between 
(Zamparo), ii, 444. 
and their derivatives, molecular com- 
pounds of (Weissenberger, Schus- 
ter, and Mayer), ii, 766. 
additive compounds of, with ketones 
(Pfeiffer, Goebel, and Angern), 
i, 271. 

J3-N aphtholazobenzene-^-sulphonic acid. 
See Orange-II. 

j8-Naphthol-4-carboxylie acid, prepar- 
ation of (Farbwerke vorm. Meister, 
Lucius, & BrItning), i, 1426. 

a- and 0-NaphtboIcoumareinB (Sen and 
Sircar), i, 554. 

£-Naphthol-6«sulphotiie acid, metallic 
salts, and their solubilities (Ephraim 
and Pfister), i, 897. 

Naphthoxanthen, 8-hydroxy- (Sen and 
Sarkak), i, 813, 

1-Naphthoxy acetyl bromide (Fries and 
Pusch), i, 569. 

a-Naphthoyl chloride, 5-bromo- (Rai- 
ford and Lankelma), i, 810. 

£ - 1 -N aphthoyla crylic acid (Bogert and 
Ritter), i, 816. 

l:2(r:8>Naphthoylenebenziminazole 
(Chakravarti), i, 162. 

lrSfl'tSO-Naphthoylene-^methylbenz- 

iminazole (Chakravarti), i, 162. 

1 :2( 1 ' :8' ) -Naphthoylene - 1 :3-naphthimin- 
azole (Chakravarti), i, 162. 
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1- N aphthoylformanilideanil, 2-liydvoxy- 
(Saftien), i, 1318. 

2- N aphthoylformic acid, l-liydroxy- ? and 

2- lxydroxy-, anilide (Fries and Pusch), 
i, 569. 

3- «- and -jS-Naphthoylperylenes, 4:10- 
cfochloro- (Zinke, Funke, Matscheu, 
Wolfbauer, and Lorber), i, 1436. 

«£-N aphthw’othiazole-3-earboxylic acid, 
and its derivatives (Stolte, Giesel, 
and Badstubner), i, 1466. 

Naphthyl thiosulphates, cfoliydroxy-, 
potassium salts (Heeler), i, 315. 

#-Naphthyl ethyl ether, 4-iodo- (Tan- 
aka), i, 1061. 

a- and £ -Naphthyl benzyl ethers (v. 
Braitn and Reich), i, 1405. 

a-Naphthyl groups, migration of (Luce), 
i, 263. 

(x-N aphthylamine cfa'chloroaeetate 

(Doughty), i, 805. 

a-Naphthylamine, 4-bromo-and 4-chloro- 

3- nitro- (Panizzon-Favre), i, 145. 

j8-N aphthylamine, catalytic reduction of 

(Hara), i, 536, 

hydroferricyanide (Gumming), i, 122. 

a- and j8-Naphthylamines, m-nitrobenz- 
enesulphonamides (Marvel, Kings- 
bury, and Smith), i, 245. 

/8-a- and -3-Naphthylaminobenzylmal- 
onic acids, ethyl esters (Wayne and 
Cohen), i, 550. 

«-N aphthylaminocamphor, phototropism 
of, in chloroform (Singh), ii, 195. 

2- 8-N aphthylamino-3-hydroxy- 1:4- 
naphthaquinone (Fries and Billig), 
1,939, 

3- Naphthylamino-5*ket02SOoxazoles 
(Worrall), i, 308. 

3-Naph thylamino* 5 -ket opyrazolas 
( W orrall), i, 308, 

2-£-Naphthylamino-l:4-naphthaquin- 
one, 3-chloro-2*A r -nitroso- (Fries and 
Bilug), i, 939. 

1- «- and -/8-Naphthylaminonaphtfcyl- 
amines (Levi and Falbino), i, 
171. 

*2-a- and -8-Naphthylamino-5-phenyl- 
1:3:4- thiodiazines , and their deriv- 
atives (Bose), i, 1466. 

2- Naphthylbenztriazole, a-amino-, a- 
liydroxy-, and j3-nitroso- (Elbs), i, 
165, 

a- and /8-Naphthyl benzyl ketones 
(Luce), i, 264. 

1:4-Naphthylene dibenzoate (Panizzon- 
Fayre), i, 145. / 

1:2-N aphthylenediamine , 4-amino- } 

, acetyl derivative (Panizzon- 
Favee), i, 145w ' 
iminoazines from (Kehrmann 
and Safar), i* 1331. 


1 :4-N aphthylenedihy dr azinetetraoarb- 
oxylic acid, ethyl and methyl esters 
(StollE and Adam), i, 1469. 
$-Naphthyl-3;4-dihydroxy~a-naphthyl- 
sulphone, and its derivatives (Hins- 
berg), i, 1062. 

1 -Naphthy limino-/8-naphthaquinone 
(SociEt it Anonyms des Matinees 
Colorantes), i, 413. 
3-£-Naphthyl-2-methyKm-naphthimin- 
azole*4:9-quin»ne (Fries and Billig), 
i, 939, 

2-#-Naphthyl-4-methylpyrimidine-5- 
carboxylic acid, and its ethyl ester 
(Matter and Palit), i, 1320. 

N- ( 1" ) -Naphthy lnaphthalimide, 2'-am- 
ino- (Chakrayarti), i, 162, 

£-N aphthyl- l-/8-naphthaqulnonylsalph- 
one, and its derivatives (Hinsberg), 
i, 1062. 

Naphthylnaphthylenediamines, and 
their derivatives (Levi), i, 436, 1186. 
/8-Naphthyl-4-nitropiaseleneazonium 
chloride (Battegay and VitCHOT), 
i, 1468. 

a- and /8-Naphthylquinoxalines, hydr- 
oxy derivatives (Fries and Pusch), 

i, 569. 

5- a-N aphthyl-2-tMon-2: S;4;5-tetra- 
hydro-l:3:4-thiodiazole (Guha and 
EIy), i, 703. 

a-Naphthyl-^-tolylsulphone (Gilman, 
Beaber, and Myers), i, 1057. 

6- Naphthyl- 1:3 :5-fcriazine, 2: 4-fenino- 
6 -^-hydroxy- (Society of Chemical 
Industry in Basle), i, 441. 

Naphthyridine group, syntheses in the 
(Gulland and Robinson), i, 1186. 
Narcosis (Lange and Mayer), i, 735. 
mineral composition of blood in 
(Blanchette and Cardot), i, 
455. 

action of, on smooth muscle (Joaohi- 
MOGLU), i, 735. 

Narco tine, salts, dissociation of, and 
extraction of the alkaloid from solu- 
tions (Fabre and Parinaub), i, 
962. 

Natural water. See under Water, 
Nebulimru. spectrum of (Rosseland), 

ii, 3 ; (Lemon), ii, 1099. 

Neodymium, preparation and properties 

of (Kremers), ii, 588. 
pole- effect in spectrum of (Mohr), 
ii, 612, 

Rontgen ray spectrum of (Gleditsch 
and Botolfben), ii, 612, 
Neodymium oxide, spectrum of (Nich- 
ols), ii, 259. 

sulphate, double salts of thallous 
sulphate and (Zambonini and Gag- 
lioti), ii, 1185. 
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Neodymium potassium sulphate (2am- 
bonini and OaglioTi), ii, 222, 315. 

Neoline, and its derivatives (Schulze 
and Berger), i, 283. 

Neon, spectrum of (Childs), ii, 339 ; 
(Goudsmit), ii, 450 ; (Burns ; 
Dqrgelo), ii, 1099. 
reversal of rays in the spectrum of 
(Buisson and Jausseran), ii, 333. 
absorption spectra of, and of its mixtures 
with argon and helium (Meissner), 
ii, 1099. 

arc spectrum of, and its ionisation 
potentials (Hertz), ii, 723. 
spark spectrum of (L. and E. Bloch 
and D&tardin), ii, 334. 
ultra-violet spectrum of (Lyman and 
Saunders), ii, 911. 

Zeeman effect with (Back), ii, 341. 
electrical properties of (McCallum 
and Focken), ii, 641. 
ionisation potential of (Hertz and de 
Visser), ii, 339. 

in vacuum tubes (Riding and Baly), 
ii, 925. 

atomic field of (Jones), ii, 253. 
emission of light by mixtures of solid 
nitrogen and (Vegard, Onnes, and 
Keesom), ii, 474. 

isotherms of (Holborn and Otto), 
ii, 851. 

absorption in (Meissner ; Jordan), 
ii, 337. 

Neopelline (Schulze and Berger), i, 
283. 

Neosine, detection of (Flossner and 
Kutsoher), i, 327. 

Nephslometer, new (Kingslake), ii, 821. 
Nephelometry (Kleinmann), ii, 389. 
Nephritis, nitrogenous substances in 
nrine in (MosonYi), i, 1491. 

Nernst filaments, construction of (Grif- 
fith), ii, 896. 

Nerves, production of carbon dioxide by 
(Parker), i, 849. 

frogs', excretion of carbon dioxide by 
(Parker), i, 1358. 

Nervous (Klenk), i, 1346. 

Nervous system, formation of ammonia 
in (Winterstein and Hirsoh- 
berg), i, 607. 

effect of arsonium, phosphonium, and 
sulphonium compounds on (Hunt 
and Renshaw), i, 861. 
central, glycogen and eerebroside 
metabolism of (W interstein and 
Hibhchberg), i, 1495. 

Nessler's reagent, preparation of (Rich- 
mond), ii, 327 ; (Frederick), ii, 
435. 

without potassium iodide (Winkler), 
ii, 713. 


Neurosyphilis (Myers and Corbitt; 
Cornwall and Myers), i, 611. 

Neutral-red, toxicity of (Politzer), i, 
197. 

Neutral salt aetion and electrical field 
of ions (Debye and McAulay), ii, 
171. 

Newt, small water. See Triton tamiatus. 

Ngaio. See Myopomm laetum. 

Ngaiol, and its derivatives (McDowall), 
i, 1521. 

Ngaione, and its derivatives (Mo- 
Do wall), i, 1521. 

Nickel, occurrence of, in arable soils 
(Bertrand and Mokragnatz), i, 
492. 

occurrence of, in soils, plants, and 
animals (McHargue), i, 1023. 
spectrum of (Bechert), ii, 1014. 
arc spectrum of (Walters), ii, 335; 

(Bechert and Sommer), ii, 913. 
line spectrum of (Worthing and 
Rudy), ii, 1102. 

spark spectrum of (L. and E. Bloch), 
ii, 727. 

pure, magnetic properties of (Mal- 
colm), ii, 371. 

films, magnetic properties of (Soren- 
sen), ii, 82. 

magnetic anisotropy of (Forrer), ii, 
486, 639. 

nou-magnetic films of (Oseen), ii, 
734 ; (Ingersoll and de Vinney), 
ii, 846. 

magnetisation of iron and (de Waard ; 

Peso hard), ii, 751. 
magnetisation of iron, cobalt, mag- 
netite, and (Ashworth), ii, 944. 
magnetostrietive effects in (Mc- 
Corkle), ii, 487. 

pure, electrical properties of (Geiss 
and van Liempt), ix, 638. 
films, electrical conductivity and Hall 
effect in (Riebe), ii, 355. 
electro*deposition of (Emelianova), 
ii, 676. . , 

quantitative deposition of, from oxal- 
ate electrolytes (Frolich), ii, 604. 
conductivities of (Schofield), ii, 
273. 

critical potential in electron emission 
from (Petry), ii, 1017. 
current-potential curves for (Lie- 
breioh and Wiederholt), ii, 404. 
polarisation of (Triandafil), ii, 405. 
passivity of (Rothmund, Eisenkolb, 
and Steinherz), ii, 131 ; (Eisen- 
kolb), ii, 1165. 

atomic heat of (Rodebush and 
Michalek), ii, 949. 
heat of adsorption of hydrogen on 
(Foresti), ii, 692. 
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Nickel, transformation of, at the Curie 
point (del Regno), ii, 372. 
solubility of, in water containing 
carbon dioxide (Robl), ii, 231. 
electrolytic solution of, in sulphuric 
acid (Rollet), ii, 799. 
physical state and catalytic activity of 
(Gauger), ii, 1072. 
catalytic reduction with (Feldmann), 

i, 1263. 

catalytic reduction of acetaldehyde 
with (Negoshi), i, 1376. 
catalytic, promoter action of thoria on 
(Russell and Taylor), ii, 1071. 
effect of thiopheu on the action of 
(Kubota and Y oshik awa), ii, 806. 
inactivation of, by impurities (Arm- 
strong and Hilditoh), ii, 662. 
colloidal, sols of, in benzene and 
toluene (Hatschek and Thorne), 

ii, 197. 

reduced, composition of (Kubota and 
Yoshikawa), ii, 1174. 
catalytic action of (Komatsu and 
Yukitomo), 'i, 687 ; (Komatsu 
and Tanaka), i, 905. 
catalytic activity of reduced copper, 
thoria, and (Komatsu and Masu- 
moto), ii, 1071. 

in the animal organism (Bertrand 
and MIohebceuf), i, 719. 

Nickel alloys with aluminium and 
molybdenum and with molybdenum 
and tin (Pfautsch), ii, 536. 
with carbon and iron (Kase), ii, 973. 
with chromium and molybdenum 
(Siedsohlag), ii, 298. 
with copper (Chevenard), ii, 851. • 
oxidation of (Pilling and Bed- 
worth), ii, 689. 

with iron (Deloraine), ii, 639 ; 
(Grenet), ii, 973. 
magnetic properties of (Yensen), 
ii, 372. 

thermomagnetic properties of (Fes- 
chard), ii, 651. 

effect of tension on magnetic pro- 
perties of (Buokley and Mc- 
Keehan), ii, 945. 
expansion coefficients of (Honda 
and Okubo), ii, 104, 
temper colours of (Tammann and 
Siebel), ii, 1169. 

with molybdenum and silicon 
{Pfautsch), ii, 298. 

Nickel compounds in vegetables (Bert- 
rand ana Mokragnatz), i, 873, 

Nickel salts, rotatory dispersion of 
(Roberts), ii, 478. 

? Nicked chloride, magnetic properties of 
(Woltjer; Woltjer and Onnes), 
Ii, 1638. 


Nickel hydroxide, magnetic properties 
of (Veil), ii, 412. 

solution and precipitation of, in 
water (Veil), ii, 183. 
precipitation of, electromotrically 
(Britton), ii, 1203. 
nitrate, action of phosphorus on 
(Sohmoss), ii, 889. 
sw&oxide (Levi and Tacchini), ii, 
424. . 

oxide, reduction of, by hydrogen 
(Benton and Emmett), ii, 216. 
effect of chlorine on catalysis by 
(Boswell and Baylry), ii, 215. 
selenide (M[osbr and Atynskt), ii, 
583. 

sulphate, hydrated, solubility of (Tan- 
cov), ii, 852. 

Nickel organic compounds ; — 
with diacetyldioxime (Paneth and 
Thilo), i, 1132. 

Nickel detection, determination, and 
separation:— 

detection and determination of 
(Feiql and Christiani-Kron- 
wald), ii, 330 ; (Soule), ii, 603. 
determination of (Jarvinen), ii, 602. 
determination of, .as dioxide (Moser 
and Maxymowicz), ii, 1206. 
determination of, in presence of iron 
and cobalt (Webldenburg), ii, 72. 
separation of cobalt, manganese, zinc, 
and (Lemarchands), ii, 242. 
separation of, from iron (Ardagh and 
Brough all), ii, 603. 
separation of iron and, in presence of 
chromium (Rousseau), ii, 441. 
separation of zinc and (Kling and 
Lassieur), ii, 439. 

Nickel wire, magnetic spectrum of 
(Arkadiev), ii, 82. 

Nicotine, rotation of (Patterson and 
Pulton), ii, 1120. 

configuration of, and its oxidation 
(Karrer and widmer), i, 1084. 
adsorption of, by calcium salts 
(Chapin), i, 697. 

separation of, from ammonia, and its 
decomposition by enzymes (Fodor 
and Reifenbbrg), i, 1519. 

Nicotinic acids, derivatives of (Meyer), 

i, 836. 

a-Nicotyrine, See AT-Methyl-2-[2- 
pyridy]]pyrrole. 

Niobium, arc spectrum of (Meggers), 

ii, 167. 

Niobium carbide and nitride (Friedr- 
eich), ii, 374. 

nitride (Friedbrich and Srma), ii, 

. 420. 

oxide, visible radiation of (Nichols), 
ii, 350. 
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Niobium detection, determination, and 
separation : — 

detection and determination of, and 
its separation from tantalum 
(Powell and Schoeller), ii, 1096. 

* determination of, and separation from 
iron (Pied), ii, 442, 

Niquine, and cfo'bromo-, and their deriv- 
atives, and iV-nitroso- (Suszko), i 
1449. 

Nadia, adsorption of dyes by cell sap of 
(Irwin), i, 1363. 

Niton [radium emanation), radioactive 
constant of (Curie and ChamiR), 
ii, 8. 

decay constant of (Bastings), ii, 621. 
ionisation potential of (Glockler), ii, 
1105. 

rate of transformation of (Curie), ii, 
463. 

number of ions produced by, in a 
spherical volume (Mund), ii, 732. 
action of, on hydrocarbons (Mund and 
Koch), i, 625. 

perfusion experiments with calcium 
and (ZWAARDEMAKER, FEENSTRA, 
and Steyns), i, 193. 
effect of, on growth of rats (Chick 
and Tazelaar), i, 211. 

Nitrates. See under Nitrogen. 

Nitration (Schaarschmidt, Balzer- 
kiewioz, and Gante), i, 532; 
(Klemeno and Scholler), ii,, 
212 . 

at high temperatures, apparatus for 
(Kranz and Kopeck y), ii, 319. 
new method of (Schaarschmidt), i, 
123. 

with nitrates (Menke), i, 886, 655. 
with mixed nitrosulphonieand fuming 
nitric acids (Varma and Kul- 
karnj), i, 238. 

Nitric acid. See under Nitrogen. 

Nitrides, preparation and properties of 
(Friederich and Sittig), ii, 419. 

Nitrification by baoteriain acid solutions 
(Gaarder and Hagem), i, 480. 
in soils (Gibbs, Batchelor, and 
Magnuson), i, 1030. 

Nitriles, synthesis of (Hara and Ko- 
matsu), i, 893. * 

catalytic reduction of (Rosbnmund 
and Jordan), i, 245 ; (Grignard 
and Escourrou), i, 931. 
action of magnesium organic com- 
pounds on (Breckpot), i, 14 ; 
(Bruylants), i, 15 ; (Christiaen), 
i, 23 ; (Eotors), i, 138 *, (Jaspers), 
i, 986. 

condensation of thioamides with 
(Ishikawa), i, 917, 1149. 

Nitrites. See under Nitrogen. 

cxxvm. ii. 


a-Nitro-acids, aliphatic, action of 
hydrazine hydrate on halogen deriv- 
atives of (Macbeth and Traill), i, 
628. 

Nitro-alcohols, aliphatic (Tr^nel and 
Wilkendorf), i, 112. 

Nitroamide, catalytic decomposition ot 
(BrSnsted and Duus), ii, 982. 

Nitroamino-groups, determination of 
(Lehmstedt and Zumstein), ii, 1201. 

Nitro-compounds, physical properties of 
(Desvergnbs), i, 1056 ; ii, 490. 
reduction of, by calcium hydride 
(Durand and Houghton), i, 646. 
action of sulphites and hydrogen 
sulphites on (Raschig), i, 239. 
aromatic, ionisation of, in liquid 
ammonia (Field, Garner, and 
Smith), ii, 792. 

reduction of (West), i, 535 ; 
(Vesbl^ and Chudozilov), i, 
654. 

Nitrogen, structure and valency of 
(Wahl), ii, 937. 

atomic, and its arc spectrum (Comp- 
ton), ii, 910 ; (Kirss), ii, 911. 
atom, asymmetric (Wedekind and 
Uthe), i, 536, 1059 ; (Wedekind), 
i, 678. 

tervalent, asymmetric compounds of 
(Hess and Grau), i, 425. 
nuclei, ejection of protons from 
(Blackett), ii, 256. 
spectrum of (Merton and Fillry), ii, 
333. 

band spectrum of (HulthEn and 
Johansson ; Johnson), ii, 11 ; 
(Lindau), ii, 11, 625; (Fass- 
bender), ii, 350; (Merton and 
Pilley; Birge and Hopfield), ii, 
737. 

infra-red emission spectrum of 
(Pfund), ii, 11. 

line spectrum of (Croze), ii, 77, 166. 
ionised, line spectrum of (Fowler), 
ii, 250. 

spark spectrum of (Kiess), ii, 4. 
solid, luminescence of (McLennan, 
ii, 88 ; (Vegard), ii, 630. 
and its mixtures with neon 
(Vegard, Onnes, and Kee- 
som), ii, 474. 

fluorescence radiation of (Oldeitberg), 
ii, 1116. 

magnetic susceptibility of (Glaser), 
ii, 82. 

diamagnetism of, at low pressures 
(Glaser), ii, 642. 

electrical properties of (MoCallum 
aud Fooken), ii, 641. 
heat of dissociation of (Eucken), ii, 
207. 
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Kitrogen, molecular heat of (Schreiner), 
ii, 97. 

reproduction of electzical conditions 
of the afterglow of (Cameron), ii, 
172. 

temperature-entropy diagram for 
(Rodebush, Andrews, and Tay- 
lor), ii, 492. 

isotherms of (Holborn and Otto), ii, 
851. 

absorption of, in water (Becker), ii, 
106, 

solubility of, in liquid ammonia 
(Larson), ii, 852. 

fixation of, by the electric arc process 
(Karber), ii, 987. 

Haber equilibrium for (Gillespie), 
ii, 532. 

as sodium cyanide (Guernsey and 
Sherman), ii, 889. 
in soils (Winters), i, 767 ; 
(Truffaut and Bezssonoff), i, 
1227. 

in soils of the Punjab (Lauder and 
Alt), i, 1524. 

explosion of mixtures of acetylene 
and (Garner and Saunders), ii, 
627. 

attempts to prepare a new chloride of 
(Noyes), ii, 988. 

reaction of hydrogen with, in presence 
of mercury vapour (Noras), ii, 573. 

sources of available, for higher plants 
(Bialosuknia), i, 1366. 

residual, distribution of, in the or- 
ganism (Madsen), i, 718. 

excretion of, in urine (Schimizu ; 
Takanosu), i, 185. 
effect of ethyl acetate and other 
substances on (Bylsma), i, 1356. 

Nitrogen frnchloride, heat of formation 
of (Noyes and Ttjlby), ii,. 644. 

iodide, composition of (Rascbig), 
ii, 147. 

wtorcoxide (nitrous oxide), solubility 
of, in electrolytes (Manchot, 
Jahrstorper, and Eepter), ii, 
282. 

thermal and catalytic decomposition 
of (Hinshelwood and Prich- 
ard), ii, 310. 

adsorption of, by glass (Bangham 
and Burt), ii, 657. 
catalytic decomposition of, on gold 
(Hinshelwood and Prichard), 
ii, 567. 

solid, structure of (de Smedt and 
Ke esqm), ii, 484. 

dioxide {nitric oxide), preparation of 
(Noyes), ii, 993. 

electrical formatiott of (Schwab and 
LeGEB), ii, 150. 


Nitrogen dioxide (nitric oxide), rate oi 
oxidation of (Latshaw and Pat- 
rick ; Hasche and Patrick), 
ii, 681. 

oxidation reactions with (Klemeno), 
ii, 407. 

dissociation equilibria of compounds 
of ferrous salts with (Manchot 
and Haunschild), ii, 298 ; (Man- 
chot and Linkh), ii, 317. 
formation of nitrous acid from nitric 
acid and (Abel and Harasty), 
ii, 139. 

action of sodium ethoxide on (Hess), 
i, 58 ; (Traube), i, 110. 
analysis of, colorimetrically (White 
and Tolman), ii, 682. 
detection of (Eegriwe), ii, 156. 

isodioxide (Raschig), ii, 146. 

per- or ^r-oxide, adsorption of, by 
silica gels (Ray), ii, 191. 
action of, on copper (Klemeno and 
Schroth), ii, 228. 
action of, on hydrocarbons (Schaar- 
schmidt), ii, 227. 

additive compounds of olefines and 
(SCHAARSCHMIDTand Hofmeier), 

i, 877. 

pentoxide, decomposition of (Hunt 
and Daniels), ii, 801. 
thermal decomposition of (Hirst), 

ii, 554. 

velocity of decomposition of (White 
and Tolman), ii, 682. 
reactions of, with organic com- 
pounds (Haines ana Adkins), 
1,801. 

Nitrosonitrogen irioxide (Hasche), 
ii, 988. 

Nitrogen oxides, compressibility of 
(Batcecas), ii, 497. 
reduction of, in presence of sul- 
phuric and sulphurous acids 
(Grairb), ii, 227. 

determination of, by absorption 
(Schlcesing), ii, 599. 
determination of, in air and in com- 
bustion products of coal gas 
(Francis and Parsons), ii, 
713. 

Nitric acid (Klemeno and Scholler), 
ii, 212. 

constitution of (Hantzsch and 
Wolf), ii, 634. 
synthesis of (Pascal), ii, 566. 
vapour pressure of solutions' of 
(Taylor), ii, 767. 

action of, on metals (Dhar), ii, 
315. ■ 

formation of nitrous acid from nitric 
oxide and (Abel and Harasty), 
ii, 139. 
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Nitrogen:— 

Nitric acid, reduction of, by stannous 
and titanous chlorides (Coblens 
and Bernstein), ii, 804. 

Nitrates, formation of, in soils (Rus- 
sel, Jones, and Bahrt), i, 1031. 
detection of (Marvel and du Yig- 
neaud), ii, 240 ; (YaGi), ii, 599 ; 
(Hahn), ii, 1095 ; (Hahn and 
Jaeger), ii, 1199; (Ekkert), 
ii, 1200. 

detection of, by the diphenyl amino 
reaction (Ekkert), ii, 1093. 
determination , of (Hibbard), ii, 
240. 

Pernitric acid (Pollak), ii, 407. 

Nitrous acid, decomposition of, by 
light and by catalysts (Mukerji 
and Dhar), ii, 691. 
reactions of sulphurous acid with 
(Raschig), ii, 146. 

Nitrites, oxidation of (Reinders and 
YlEs), ii, 308. 

TromsdorfF reagent for (Coquillat), 
ii, 328. 

detection of (YAgi), ii, 599 ; (Hahn 
and Jaeger), ii, 1199 ; (Ekkert), 
ii, 1200. 

detection of, colorimetrically (No- 
velli), ii, 900. 

Nitrogen ^raselenide and ^msulpkide 
(van Yalkenburgh and Bailar), 
ii, 993. 

persulphide (Usher), ii, 581. 

Nitrogen organic compounds, spectro- 
chemistry of (v. Auwers and 
Kraul), ii, 847. 

availability of, in pot experiments 
(Crowther), i,' 1371. 

heterocyclic, synthesis of (Minunni), 
i, 1175. 

Nitrogen determination: — 

determination of, by KjeldahVs method 
(Fleury and Levaltier), ii, 434. 

determination of, by modified Kjeldahl 
methods (Fleury and Levaltier ; 
Shaw), ii, 66; (Markley and 
Hann), ii, 824. 

determination of, miorochemio&lly 
(Rose), ii, 900. 

determination of, in blood (Osborn), 
i, 323. 

determination of, in explosives (Mar- 
QUEYROL, CHENEL, FrIEBERICH, 

Florentin, Koehler, and Lori- 
ette), ii, 599. 

determination of, in nitrates, by 
KjeldahTs method (Margosohes, 
Sohbinost, and Woynar; Mar- 
gosohes and Sohbinost), ii, 1094. 

determination of, in oil, coke, and 
. proteins (ter Methuen), ii, 599. 


Nitrogen determination : — 
determination of, in organic com- 
pounds (Heslinga), ii, 65; (ter 
Mbulen), ii, 66. 

determination of, in proteins (Main 
and Locke), i, 997. 
determination of distribution of, in 
proteins (Gortner and Sand- 
STROM), ii, 908. 

inhibition of bumping in determin- 
ation of, in soils (Hance), i, 1032. 
amino-, determination of, in bacterial 
metabolism (Parsons and Sturges), 
i, 1509, 

Nitroglauberite (Foote), ii, 786. 

Nitro groups, replacement of benzoyl 
groups by (Elion), i, 44. 

Nitroimino groups, determination of 
(Lehmsthdt and Zuhstein), ii, 1201. 

Nitronium salts (Hantzbch and Wolf), 
ii, 635. 

Nitroprussic acid, sodium salt, action 
of, on acetone and acetaldehyde (van 
Urk), ii, 162. 

Nitrosochlorination (Rheinboldt and 
Schmitz-Dumont), i, 1131. 

Nitroso compounds, constitution of 
(Goldschmidt and Christmann), 
i, 649. 

action of sulphites and hydrogen 
sulphites on (Raschig), i, 239, 

Nitroso groups, influence of, in aromatic 
substitution (Ingold), i, 646. 

Nitrosonitrogen. See under Nitrogen. 

Nitrososulphites. See Dinitrososulph- 
onates under Sulphur. 

Nitrosulphonic acid, nitration with a 
mixture of fuming nitric acid and 
(Yarma and Kulxarni), i, 238, 

Nitrosyl chloride, formation of (Trautz 
and Sohubter), ii, 552. 
velocity of formation of (Trautz 
and Gerwig), ii, 878. 
photochemical decomposition of 
(Bowen and Sharp), ii, 695. 
condensations with (Sohaar- 
schmidt and Raeck), i, 380. 
reactions with (Rheinboldt and 
Sohmitz-Dumont), i, 1131. 

Nitrous acid. See under Nitrogen. 

Nitroxyl bromide and chloride, prepara- 
tion of, and their reactions with 
Grignard reagents (Zuskine), ii, 587. 

Nobili’s rings, colours of (Chucku- 
RUTTi), ii, 744. 

Noualdehyde, t-hydroxy-, and its deriv- 
atives (Helferich and SchAfer), 
U 7. ■ 

Nonanediols, and their di-»-nitrobenzo- 
ates (Pierce and Adams), i, 825. 

Nona-oxymethylene diacetates (Staud* 
inger and Luthy), i, 361. 
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Non-electrolytes, relation of, to rare 
gases in melting and boiling points 
(Carlsohn), ii, 1044. 

AJ3-Noninene (Bourguel), i, 770. 

Non-metals, relations between hydrides 
and alkyl compounds of (v. Grosse), 
ii, 843. 

Nonodilactone (Bennett), i, 883. 

Nonoic acid, sodium salt, effect of sodium 
hydroxide on surface tension of (Har- 
kins and Clark), ii, 857. 

Nopinene, oxidation of, with perman- 
ganate (Brtjs), i, 47. 

Nor-?n-hemipinic acid, ethylimide of 
(Spath and Dobrowsky), i, 1085. 

Northebenine, oyano- (Speyer and 
KoSENEELD), i, 962. 

Novocaine, determination of, colori- 
metrieally (Cher am y), ii, 247. 

Novocaine, bromo- (Frejka and Yitha), 

i, 663, 1416. 

Nuclei, mechanism of staining of 
(Fetilgen and You), i, 1477. 

Nucleic acid, determination of, in 
animal tissues (Javillier and 
Adams), i, 996. 

Nucleic acids, alkaloidal salts of 
(Peiser), i, 1477. 

Nucleosides, dissociation constants of, 
and their relation to nucleic acid 
(Levene and Simms), i, 1478. 
synthetic (Levene and Sobotka), i, 
1463. 

Nucleotides (Izumi), i, 174. 
dissociation of constants of, and their 
relation to nucleic acid (Levene 
and Simms), i, 1478. 
plant, in animal tissues (Jones and 
Perkins), i, 182. 

Nutrient solutions, effect of bacteria on 
(Bleyer), i, 746. 

Nutrition of aquatic animals (EAi2en- 
ECtKtf and Podhradsky), i, 612. 

Nux vomica, determination of alkaloids 
in (Sabalitsohka and Jungermann), 

ii, 608. 


0 . 

Oak, tannins from (Feist and Bbste- 
horn), i, 566. 

Oats, nutrients for culture of (Jones 
and Pember), i, 1030. 
culture of, with nitrogen, phosphorus, 
and potassium (Pember and. 
Maclean), i, 1321. 

Oat tom, insulin-like substance in 
V extracts of (Boden, Neukirch, and 
1,488. . 


Octaethylcellobiose, acetolysis of (Hess 
and Salzmann), i, 1383. 

Octahydroacridine, and amino-, and 
nitro-, and their derivatives (Perkin 
and Sedgwick), i, 63. ' 

s-Octahydroanthracene, and its salts 
and derivatives, and 9-thiol- 
(Schroeter, Gluschke, van 
Hulls, and Gotzky), i, 129. 
action of aluminium chloride with 
(Schroeter, van Hulls, Glu- 
schke, Stier, and MOller), i, 125. 

s-Octahydroanthracene-9-sulphinic acid, 
sodium salt (Schroeter, Glusohke, 
van Hulle, and Gotzky), i, 130. 

1 -s- 0 c t ahy dr oanthracenylcaxbamid e 
(Schroeter, Glusohke, van Hulle, 
and Gotzky), i, 130. 

l:2:3:4:5:6:7:8-0ctahydrocarbazole, con- 
stitution of (v. Braun and Schornig), 
i, 1449. 

Octahydrodecaoyclene (Dziewonski and 
Suszko), i, 242. 

Octahydroindene, preparation and de- 
hydrogenation of (Zelinski and 
Borissov), i, 122. 

Octahydronaphthalene (Zelinski and 
Gavedovskaja), i, 123. 

s-Octahydrophenanthrene, and 1 -hydr- 
oxy-, and their derivatives 
(Schroeter, van Hulle, and 

MOller), i, 131. 

s-Octahydrophenanthrene-9-carboxylio 
acid, and its silver salt (Schroeter, 
van Hulls, and MOller), i, 131. 

5-Octahydrophenanthrene-9-sulphonic 
acid, salts and derivatives of 

(SOHROBTER, VAN HULLS, and 

Muller), i, 181. 

Octahydrophenazine, and its derivatives 
(Godohot), i, 486. 

Octahydroretene ( Yesterberg and 

Borge), i, 252. 

o- and £-Octahydro.trianhydrostro- 
phanthidins (Jacobs and Collins), 
i, 567. 

w-Octaldehyde ^-nitrophenylhydrazone 
(Stephen), i, 1131. 

Oeta-oxymethylene diacetate (Staudin- 
ger and LOthy), i, 361. 

Ay-Octinene (Bourguel), i, 770. 

7i-Octoic acid, 3-hydroxy benzaldehyde- 
2-mercuric ester (Wellcome Found- 
ation, Ltd., Henry, and Sharp), i, 
1154, 

7i-Octoylglycine, ethyl ester (Karrer, 
Miyamichi, Storm, and Widmer), 
i, 594. 

Octyl alcohol, substitution of hydroxyl 
group of, b y halogen (McKenzie and 
Tudhope), i, 226. 

sec. -Octyl ether (Senderens), i, 113. 
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Odorants (Thoms), i, 788 . 

Oidium lactis, action of, on tyrosine and 
its derivatives (Kotake, Chikano, 
and Ichihara), i, 746. 

Oil, behaviour of oleic acid and, on. 
water (Oarri&re), ii, 287. 

Oils, action of ultra-violet light on 
(Hess and Weinstock), i, 212. 
surface tensions of aqueous solutions 
against (Howard and Sollman), 
ii, 109. 

acid value of (Somazzi), ii, 828. 
hydrogenation of (Lush), ii, 411. 
iodine super-number of (Margosches, 
Friedmann, Scheinost, and 
Tsohorner), i, 888. 
animal marine, constituents of 
(AndrE and Canal), i, 1378. 
drying, “oxynes” in (Eibner and 
Munzing), i, 1036. 
essential. See Oils, vegetable, 
fatty, polymerisation of (Maiicusson), 
i, 856, 1234. 

drying of (Eibner and Pallauf), 
i, 777. 

iodine value of (Margosches, Fried- 
mann, and Tschorner), i, 629. 
lecithin in (Boedtker), i, 1114. 
fluorescent, coating of photographic 
plates with (Harrison), ii, 930. 
lubricating, heat of wetting of (Bach- 
mann and Briegbr), ii, 510. 
surface tension of (Grunmaoh and 
Schweikert), ii, 81, 
marine, catalytic hydrogenation of 
(Richardson, Knuth, and Mil- 
ligan), i, 229. 

vegetable (Schimmel & Co.), i, 
417. 

formation of, in plants (Francks- 
coni, Manfredi, and Astengo), 
i, 759 ; (Popovici), i, 1*23. 
extracted from flowers (v. Soden), 
i, 1128. 

fatty degeneration caused by (v, 
Graevenitz), i, 195. 
antiseptic action of (Sch6bl), i, 
1006. 

growth-promoting and calcifying 
properties of, after exposure to 
light (Stebnbock and Black), 

i, 1020. 

detection of ethyl phthalate in 
(Thoms), ii, 1008. 
determination of cineole in (Cash 
and Fawsitt), ii, 75. 
determination of phenols in (Reti), 

ii, 604* 

Australian, germicidal values of 
(Penfold and Grant), i, 614. 
from Calabria, constituents of (La 
Face), i, 564. 


Oils, vegetable, Indian, constituents of 
(Simonsen), i, 56 5, 1164 ; (Rao), 
i, 565, 687 ; (Rao and Simonsen), 
i, 687 ; (Rao, Sudborough, and 
Watson), i, 1164. 
from Travancore (Moudgill), i, 565, 
823, 945, 1293. 

determination of iodine-bromine num- 
bers of (K6pke), ii, 246; (Wink- 
ler), ii, 446, 1009. 
determination of nitrogen in (ter 
Meulen), ii, 599. 

Oil emulsions, reversible (Seifriz), ii, 
779. 

Oil gas, compressed, hydrocarbons from 
(Lewis-Dale), i, 769. 

Oleanolic acid (van der Haar), i, 50. 

Olefines, isomerisation in (Bruylants), 
i, 493. 

catalytic reduction of (Kern, Shri- 
ner, and Adams), i, 625. 
action of nitrogen tetroxide on 
(Schaarschmidt and Hofmeier), 
i, 877. 

Oleic acid, preparation, properties, and 
salts of (Lapworth, Pearson, and 
Mottram), i, 355. 

synthesis of (G. M. and R. Robinson), 
i, 354. 

behaviour of oil and, on water (Car- 
Rlta), ii, 287. 

oxidation of (Lapworth and Mott- 
ram), i, 1129, 1234. 
ammonium salt, elasticity and vis- 
cosity of (Hatsohek), ii, 862. 
calcium salt (Klimone, v. Moltini, 
and Benedik), i, 506. 
solubility of (Harrison), ii, 190. 
sodium salt, surface tension of (Joh- 
lin), ii, 1054. 

surface tension of aqueous solutions 
of (du NoOy), ii, 109. 
thallium salt (Holde and Selim), i, 
504. 

3-hydroxybenzaldehyde-2-mercnric 
ester (Wellcome Foundation, 
Ltd*, Henry, and Sharp), i, 1154. 

A^-Oleie acid, configuration of (Se- 
meria), i, 5. 

Oleyl acetate and benzoate (Helferich 
and Schafer), i, 7. 

i^-Oleylpropylenediamiae (Society of 
Chemical Industry in Basle), i, 
1133. 

Olives, Palestine, constituents of, and 
their oil (Menchikowsky), i, 1521. 

Olive oil, oxidation of organic compounds 
in (Walker), i, 990. 

Olive resin (Reinitzer), i, 146. 

Onion, toxins in scales of (Walker, 
Lindegren, and Bachmann), i, 
872. 
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Ooporphyrin, conversion of, into hsemato- 
porphyrin (Fischer and Lindner), 
i, 992. 

Opianic acid, condensation of, with 
phenols (Jacobson and Adams), i, 
272. 

Opium alkaloids, extraction of (Ka- 
newskaja), i, 153. 
picrates of (Maplethorpe and Evers), 
i, 1160. 

detection of (David), ii, 1010. 

Optical activity and molecular dissym- 
metry (Darmois), ii, 1119, 
and polarity of substituent groups 
(Rule and Smith), ii, 1120. 
potential (Read and McMath), i, 
1126. 

constants of matter (Darwin), ii, 2, 
inversion, Walden’s (Levene and 
Mikeska), i, 5 ; (Senter and 
Ward), i, 31, 1128 ; (McKenzie 
and Tudhope), i, 226 ; (Kenton, 
Phillips, and Turley), i, 507 ; 
(Terrt and Eichelberger), i, 
631, 

phenomena, quantum theory of 
(Slater^ ii, 478. 

rotatory power, and size of atoms 
(Brauns), ii, 633. 

screening constants (Men zies), ii, 831. 
superposition, studies in (Patterson 
and Buchanan), i, 115. 

Optically active compounds, chemical 
constitution and rotatory power of 
(Rupe and Kopp), i, 274 ; (Rupe and 
Vonaesch), i, 499 ; (Rupe and Rin- 
derknecht), i, 533. 

Orange II, derivatives of, with sulphites 
(Bucherer and Stichel), i, 1338. 
Oranges, insulin-like substances in 
(Fisher and McKinley), i, 1016, 
protein from (Smith), i, 619. 
navel, glueosides of (Hall), i, 760. 
Valencia, constitnents of the juice of 
(Hall and Wilson), i, 1521. 
Orange juice, antiscorbutic value of 
(LIOTTA), i, 1365. 

effects of lemon juice and of, on 
calcification (Korenchevsky and 
Carr), i, 211, 

Orchids, loroglossin from (Delauney), 
i, 487. 

Crcinol dimethyl ether, 2 :6-cftbromo- 
(Wagenhofer), i, 550. 

Orcinol, 2:4-^ibromo-, and its salts 
(Wagenhoper), i, 550. 

Ordedte (Lacroix), ii, 429. 

^gaas, extradaon of alkaloids from 
(Fabre), i, 719. 

■■ a - method of testing therapeutic 
: : .iwpr^rafrom (Javillier, Allaire, 
1012. 


Organic compounds, structure of, from 
Rontgen ray crystal analysis 
(Mark), i, 1. 

formation of, from inorganic com- 
pounds in light (Baudisch), ii, 
1082. 

ultra-red spectrochemistry of (Bo- 
nino), ii, 1032. 

ultra-violet absorption spectra of 
(Marcelewski and Moroz), ii, 
353. 

rotatory dispersion of (Lowry and 
Richards), ii, 265; (Lowry and 
Cutter), ii, 35 6; (Richards and 
Lowry), ii, 632, 934 ; (Cutter, 
Burgess, and Lowry), ii, 743. 
fluorescence of (Moir), ii, 261. 
electron displacement in (Lucas and 
Jameson), i, 2 ; (Lucas, Simpson, 
and Carter), i, 769 ; (Lucas and 
Moyse), i, 770. 

thermochemistry of (Parks and Kel- 
ley), ii, 949. 

heats of combustion, of (Kharasoh 
and Sher), ii, 636. 
thermal data of (Parks), ii, 491, 
repulsive action of various groups in 
(Boeseken), ii, 1031. 
lability of halogen atoms in (Mac- 
beth and Traill), i, 628, 782. 
influence of hydrogen and halogenB 
on the properties of (van Arkel 
and de Boer), ii, 758. 
stability of (Bolin), ii, 411. 
reactivity of atoms and groups in 
(Norris and Ashdown), i, 626. 
catalytic hydrogenation of,* with 
platinum oxide (Pierce and 
Adams), i, 824; (Heokel and 
Adams), i, 909; (Carothers and 
Adams), ii, 693. 

liberation of hydrogen from (Dick- 
son), i, ,1033. 

autoxidation of (StAUdinger), i, 897, 
898. 

adsorption of, by charcoal (Richard- 
son and Robertson), ii, 383. 
decomposition of (Schonberg), i, 557. 
action of chlorine monoxide on (Gold- 
schmidt and Sobussler), i, 497. 
acidic, colour changes in salt form- 
ation by (Kehrmann), i, 435, 
aliphatic, spreading of, on surface of 
water (Cary and Bideal), ii, 1046, 
1047, 1048. 

complex, reactivity of (Reihlen, 
Illeo, and Wittig), i, 232. 
isomeric, solubility of (Andrews ; 
Eohman), ii, 1052; (Kohman and 
Andrews), ii, 1053. 

long-chain, Rontgen ray spectra of ; 
(Shearer), iij 938. 
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Organic compounds, proof of identity 
of (Murmann), ii, 719. 
elementary analysis of (§v£da and 
Procke), ii, 719. 

determination of arsenic in (New- 
bery), ii, 901, 

determination of carbon in {White 
and Holben), ii, 240 ; (Desgrez 
and Yivario ; Simon), ii, 436 ; 
(Wilde and Lochte), ii, 600. 
determination of carbon, hydrogen, 
and nitrogen in (Heslinga), ii, 65. 
determination of halogens in (Busch), 
ii, 823. 

determination of nitrogen in (ter 
Meulen), ii, 66. 

determination of oxygen in (ter 
Meulen), ii, 166. 

separation of, by means of adsorption 
(Fodor and Rosenberg), ii, 1060. 

Organic radicals. Bee under Radicals. 

Organic reactions, course of (Muller), 
u, 414. 

Organic syntheses, physico-chemical 
study of (Matignon), ii, 1068. 

Organism, animal, synthesis of amino- 
acids in (McGinty, Lewis, and 
Marvel), i, 100. - 

electrolytes in the (Kraus, Zondek, 
Arnold!, and Wollheim), i, 
198. 

metabolism of mineral salts in the 
(Sasaki), i, 331. 

human, water-salt content of, in re- 
lation to acid-base balance (Oehme 
and Paal), i, 326. 

Organo-metallic compounds, fluorides 
of (Krause and v. Grosse), i, 378. 

Ornithine, behaviour of, in the liver 
(Felix and Rothler), i, 859. 

Orobccnches* blackening of, during dry- 
ing (Bridel and Charaux), i, 488. 

ja-Orsellinic acid (Wagenhofer), i, 
550. 

Orthcbor ic acid. See under Boron . 

Orthocarbonic acid, ethyl ester, hydro- 
lysis of (Skrabal and Baltad- 
schieva), ii, 139. 

Osmium chloride, compounds of carbon 
monoxide with (Manchot . and 
KOnig), ii, 232. 

tetfroxide (v. Wartenberq), ii, 23L 
boiling point of (v. Wartenberg), 
ii, 276. 

compounds of (Krauss and Wil- 
xen), ii, 894, 

Osmium organic compounds, complex 
base of (Tsohugaev and Fritzmann), 
i* 1395. 

Osmosis in various gels (Yumikura), 
i, 735. 

See also Electro- endosmosis, 


Osmotic equilibria of systems with a 
semi- permeable membrane (Schreine- 
makkrs), ii, 975. 

Osmotic pressure, determination of, by 
the solubility method (Applebey 
and Davies), ii, 964. 
relation of, to adsorption (P6 lXnyi), 
ii, 290. 

of colloids (Bjerrum), ii, 111. 
electrolytes of high molecular weight 
(Hammarsten), ii, 195. 
Ovariectomy, salts in blood after 
(BLANCHETlilRE), i, 1207. 

Ovary, preparation of hormone from 
(Dickens, Dodds, and Wright), 

i, 1513. 

lipoids of the (Yamauohi ; Lang), i, 
457. 

Over-potential, theory of (Heyrovsky), 
ii, 675. 

Overvoltage (Knobel), ii, 211, 212 ; 
(Bircher, Harkins, andDiETRicH- 
son), ii, 211 ; (Newbery), ii, 405 ; 
(Smits), ii, 54 7. 

influence of colloids on (Marie and 
Lejeune), ii, 115. 

effect of hydrogen-ion concentration 
on (Herasymenko), ii, 675. 
effect of surface condition on (Knobel), 

ii, 547. 

cathodic, and passivity (Liebreich 
and Wiederholt), ii, 44. 
hydrogen (Harkins and Adams), ii, 
301. 

on alloys (Fischer), ii, 44, 
at arsenic cathodes (Grube), ii, 43. 
of lead cathodes (Glasstone), ii, 43, 
301. 

of mercury cathodes (Glasstone), ii, 
133. 

Ox, constituents of extracts of testicles 
of (MttLLER),. i, 854. 

Oxacyanines (KOnig and Meier), i, 705. 
p-Oxa&iazphospfcoles (Autenrieth and 
Bolli), i, 1468. 

Oxalacetic acid, fermentation of (Neu- 
berg and Gorr), i, 337. 
behaviour of, with auimal organs 
(Mayer), i, 736. 

Oxalenediuramidoxime, use in, in de- 
tection and determination of nickel 
(Feigl and Christiani-Kronwald), 
ii, 830* 

Oxalic acid, dissociation constants of 
(Britton), ii, 977. 
adsorption of, by oxides (Kozake- 
vitsoh), ii, 855. 

photochemical decomposition of, in 
uranyl sulphate solution (Ander- 
son and Robinson), ii, 415, 
esterification of, with phenols (Feigl 
and Kobidiansky), i, 1235, 
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Oxalic acid, reaction of ethers with 
(Waser and Sander), i, 536. 
oxidation of, by hydrogen peroxide 
(Hatcher and Holden), ii, 684. 
catalysis of the reaction of perman- 



oxide and esters of (Adiokes), i, 


1378. 

decomposition of, by plants (Pal- 
ladin and Loytschinovskaja), i, 
1222. 

Oxalic acid, aniline trihydTogen salt 
(Rambeoh), i, 385. 
calcium salt, abnormal crystal forms 
of (Bardach), i, 1114. 
hydration of (Aum&ras), ii, 895. 
action of sulphuric acid on ( Car- 
riers and Vilon), ii, 206. 
precipitation of, in presence of 
ammonium citrate (Jakob), ii, 
69. 

conversion of, into calcium carb- 
onate in tissues (Loeper, Schul- 
mann, and Tounet), i, 1497. 
magnesium salt, occlusion of, by 
calcium oxalate (Lemarchand), ii, 
385. 

molybdenum salts (Wardlaw and 
Parker), i, 893. 

potassium salt, electrolysis of solutions 
of (Jeffrey), ii, 304. 
effect of light on the reactions of 
bromine and iodine with (Berth- 
otto and Bellenot), ii, 141. 
uranyl salt (Colani), i, 1235. 
urea salts, determination of, in fer- 
tilisers (Sabalitschka and Ku- 
bisoh), i, 347. 

Oxalic acid, dinaphthyl and ditolyl 
esters (Feigl and Kobiliansky), 
i, 1236. 

ethyl and methyl esters, equilibria of, 
with phenols (Hermann, Zechner, 
and Drazil), ii, 650. 

Oxalic acid, detection of, in tissues 
(Klein and Werner), i, 871. 
separation of, in analysis of Group III 
metals (Keschan), ii, 1008. 

Oxalpropionic acid, ethyl ester, thermal 
decomposition of (Watson), ii, 556. 

Oxalsuccinic acid, ethyl ester, thermal 
decomposition of (Watson), ii, 556. 

0xalyl-4'.4 / -diaminodiphenylmethane 
(Butler and Adams), i, 1458. 

Oxalyldibenzyl ketone, azines from 

(Chakbayarti), i, 1330. 

Oxalyldimaknio add, ethyl ester (Pan- 
KOK»), i, 358. 

a-Oxalyl-y-phenyl- A£-butenoIc acid, 

■' !: : A^dM : ^0^ ; (Y.::ATJW®RR and MOller), 


a-Oxalyl-y-phenylbutyric acid, ethyl 
ester (v. Auwers and MOller), i, 
403. 

Oxazole-yellow (K6nig and Meier), i, 
705. 

Oxazoline, 2-hydroxy*, benzoate (Fromm, 
Barrenscheen, Frieder, Pirk, and 
Kapeller), i, 595. 

Oxeserine, derivatives of (Polonqyski 
and Polonoyski), i, 696. 

Oxidation (Armstrong), i, 1009. 
mechanism of (Warburg), i, 374 ; 
(Wieland, Haussmann, and 
LSvenskiold), ii, 1171. 
in light (Eckert), i, 413. 
in oils (Walker), i, 990. 
with ozone (Briner, v. Tschaener, 
and Paillard), i, 1069. 
in sea water (Harvey), ii, 1171. 
anomalous protection against (Shep- 
pard), ii, 1084. 

negative catalysis of (Dhar), ii, 690. 
equilibria in stages of (Grube and 
Staesche), ii, 893. 
biological (Mark), i, 332 ; (Neill and 
Avery), i, 340. 

as a function of temperature 
(Crozier), i, 102. 
liberation of energy in (Aubel and 
Wurmser), i, 480. 
influence of oxygen tension on 
(Hamburger and v. Szbnt- 
GyOrgyi), i, 709. 

induced (Dey and Dear), ii, 692 
(Jorissen and van den Pol), ii, 
879. 

Oxidation-reduction (Cohen, Gibbs, and 
Clark), i, 25 ; (Clark), ii, 673 ; 
(Cady and Taft), ii, 1073 ; (Clark, 
Cohen, and Gibbs), ii, 1164. 
new system of (Haehn and PtLz), f. 
858. 

by blood pigments (Lipschitz), ii, 

1070. 

Oxides, physico-chemical analysis of sols 
of (Ijottermoser, Friedrich, 
Hubnbr, and Szab6), ii, 521. 
effect of high temperatures on (Buff), 
ii, 579. 

acidic and basic, heating curves for 
mixtures of (de Carli), ii, 670. 
amphoteric hydrated, molecular size 
of, in alkaline solution (Jander 
and Schulz), ii, 528. 

See also Metallic oxides. 

a-Oxides, thermochemistry of (Swiento- 
slawski), ii, 364. 

cw-Oxidoethylenedicarhoxylic acid, con- 
version of, into r- tartaric acid (BOese- 
ken), i t 1237. 

Oxidoethylene-aMicarboxylic acids, 
and their salts (Kuhn and Ebel), i* 780. 
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Oxidoethylene-aj8-dicarboxylic acids, 
action of yeast on (Kuhn and Ebel), 
i, 1237. 

Oxido-ketones, preparation of (Weitz), 
i, 408. 

Oximes, thermochemistry of (Dorab- 
ialska), ii, 208, 1140. 
isomerism of (Brady and Mehta), 
i, 43 ; (Brady and Klein), i, 674 ; 
(Brady and Bishop), i, 930. 
tautomerism of (Griffiths and In- 
gold), i, 1190. 

catalytic reduction of (Rosenmund 
and Jordan), i, 246 ; (Guleyitsoh), 
i, 663. 

electrolytic reduction of (Ishibashi), 
i, 1382, 1431. 

reduction of, with aluminium amalgam 
(Mazourevitch), i, 1247. 
sodium salts, distillation of, under 
reduced pressure (Komatsu and 
Hiraidzumi), i, 934. 

7 - Oximino valeric acid, electrolytic re- 
duction of (Ishibashi), i, 1382. 

Oxindigo. See 3:3'-Diketo-A 2:2 '-dicou- 
maran. 

Oxindolc, condensation reactions of 
(Macbeth and Craik), i, 1315. 

Oxindole-3-aldehyde, 5:7-^riodo-, and 
its derivatives (Kalb and Berber), 
i, 161. 

Oxonic aoid, cuprammonium salt (Piaux), 
i, 593. 

Oxonitin (Majima and Suginome), i, 
1447. 

Oxonium jperbromides (Kehrmann and 
Falkb), i, 351. 

Oxonium compounds, heats of formation 
of (Tschelinoev), ii, 480. 

Oxyherherine, synthesis of (Perkin, 
RAy, and Robinson), i, 695. 

Oxycellulose (Hess), i, 519. 
nitrates (Atsuki), i, 120. 

Oxycelluloses (Birtwell, Clibbens, 
and Ridge), i, 234. 

Oxychelidonine (Gadamer and Thies- 
sen), i, 287. 

Oxycodeinones, preparation of (Merok, 
Ohemische Fabrik), i, 1315. 

Oxycyanogen (Birokenbach and Kel- 
lermann), ii, 569. 

Oxydase, xanthine (Thurlow), h 
743. 

Oxyeseretholemethine, W-oxide, and its 
derivatives (Polonovski and Polon- 
ovski), i, 959. 

Oxyeseriethine (Polonovski and Polon- 
ovski), i, 960. 

Oxyeserine, and its derivatives (Polon- 
ovski and Polonovski), i, 293. 

Oxyeserole-ethine (Polonovski and 
Polonovski), i, 960. 


Oxyeserolene picrate (Polonovski and 
Polonovski), i, 960. 

Oxygen, spectrum of (Bungartz), ii, 
609. 

arc spectrum of (Lockrow), ii, 1099. 
Z-absorption spectrum of (Robinson), 
ii, 614. 

ultra-violet absorption spectrum of 
(Schmidt), ii, 336; (FtcHTBAUER 
and Holm), ii, 626. 
band spectrum of (Holland), ii, 
1113. 

ionised, line spectrum of (Croze), 
ii, 166, 250. 

dry, effect of ultra-violet light on 
(Baker and Carlton), ii, 1180. 
atom, co-ordination number of (Pic- 
card), ii, 15. 

liquid, dielectric constant of (Breit 
and Onnes), ii, 631. 
molecular heat of (Schreiner), ii, 
97. 

heat of dissociation of (Eucken), ii, 
207 ; (Wulf), ii, 848. 
temperature-entropy diagram for 
(Rodebush, Andrews, and Tay- 
lor), ii, 492. 

isotherms of (Holborn and Otto), 
ii, 851. 

density of (Baxter and Stark- 
weather), ii, 188. 

absorption of, in gas analysis (Fieser), 
ii, 238. 

absorption of, in water (Whitman and 
Davis ; Becker), ii, 106. 
sorption of, by activated graphite 
(Bangham and Stafford), ii, 655, 
solubility of, in silver (Parravano 
and Malquori), ii, 769. 
velocity of reaction of, with inorganic 
salt solutions (Reinders and VLfcs), 
ii, 567. 

activation of (Jqrissen and van den 
Pol), ii, 52. 

catalysis of the formation of water 
from hydrogen and (Hofmann and 
Dolde), ii, 189. 

combination of hydrogen and, in 
presence of silver and gold (Chap- 
man, Ramsbottom, and Trqtman), 
ii, 810. 

oxidation of metallic salts with 
(Reinders and VLfcs), ii, 308. 
exchange of, in blood (Murray and 
Morgan), i, 1481. 

respiration of, in muscular exercise 
(Furusawa), i, 993. 
supply and utilisation of, during 
muscular exercise (Lythgoe ana 
Pereira ; Pereira), i, 1341. 
free, origin of, iu air (Tammann), 
ii, 100. 

57 * 
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Oxygen, univalent (Goldschmidt, Yogt, 
and Bkedig), i, 1434. 

Oxygen detection and determination : — 
detection of (Schmalfuss), ii, 238; 

(Schmalfuss and Werner), ii, 1198, 
determination of, colorimetrically 
(Efimov), i, 481. 

dissolved, determination of (Friend), 
ii, 326. 

determination of, in aqueous solu- 
tion, in presence of nitrous acid 
( Alsterberg), ii, 1198. 
apparatus for determination of, in air 
(Plantefol), ii, 902. 
determination of, in iron (RoonEy), 
ii, 327. 

determination of, in organic compounds 
(ter Meulen), ii, 157. 

Oxyhmmin, and its salts (Hamsik), i, 845. 

Oxyhaemocyanin, determination of, 
eolorimetrically (Pantin and H ogben) , 
i, 1481. 

Oxy haemoglobin, crystalline, preparation 
of (Thiyolle and Roche), i, 1111. 
dissociation of, in tissues (Campbell), 
i, 1481. 

Oxylysine, and its derivatives (Schry- 
vbr, Buston, and Mukherjee), i, 
794. 

Oxynes (Eibner and Munzing), i* 
1036; (Eibner and Ried), i, 1377. 

Oxyisoprotoberberine (Haworth, Per- 
kin, and Pink), i, 1168. 

Oxyianguinarine (Gadamer and Thies- 
sen), i, 287. 

3-Oxythionaphthen, condensation re- 

, actions of (Macbeth and Craik), i, 
1315. 

3-0xy(l)thionaphthen glncoside {thio- 
indican) (Craik and Macbeth), i, 
1296. 

Oysters, shell-growth in (Orton), i, 

1002 , 

Ozone (Schwab), ^ ii, 149. 
formation of, in incandescent capil- 
laries (Riesenfeld), ii, 989. 
electrolytic preparation of (Mal- 
quori), ii, 62. 

production of (Warburg and. Rump ; 

Warburg), ii, 706. 
altitude of, in the atmosphere 
(Cabannes and Dufay), ii, 998. 
in flames (v. Wartenburg), ii, 147 ; 

(Siesbnfeld), ii, 148. 
absorption of radiation by, in the 
atmosphere (Fabry), ii, 627. 
photochemical decomposition of, in 
presence of chlorine (Allmand), 
: fi, 1079 , - 

. I^t^hemieal and thermal decom- 

■ 'Fcitioa of (Griffith and 

31 ^ 


Ozone, thermal decomposition of 
(Griffith and MoKeown), ii, 1168. 
destruction of, by various reagents 
(Smith), ii, 890. 

oxidation with (Briner, Egger, and 
Paillard), i, 274; (Briner, v. 
Tsoharner, and Paillard), i, 
1.069. . 

action of, on inorganic colloids (Ries- 
enfeld and Haase), ii, 988. 
determination and solubility of 
(Wartbnbeeg and Podjaski), ii, 
1198. 

Ozonides, constitution of (Staudinger), 
i, 897. 

Ozoniser, laboratory (Smith), ii, 896. 


P. 

Palladium, and its amalgam in British 
Guiana (Harrison ; Harrison and 
Bourne), ii, 593. 
arc spectrum of (Beals), ii, 1015. 
Rontgen ray spectrum of (Allison), 
ii, 724. 

polarisation of, in alkaline solution 
(Jirsa), ii, 45. 

physical state and catalytic , activity 
of (Smith), ii, 1072. 
adsorption of hydrogen by (Lambert 
and Gates), ii, 785. 

Palladium alloys with copper and with 
gold, structure of (Holgersson and 
Sedstrom), ii, 20. 

with silver, adsorption of hydrogen 
by (Kruger and Saoklovsky), ii* 
1125. 

Palladium oxide, catalytic reduction with 
(Kern, Shriner, and Adams), i, 
625. 

selenide (Moser and Atynski), ii, 
584. 

Palladium organic compounds : — 
Palladium dimethylglyoxime (Coop- 
er), ii, 827. 

Palladium determination and separ- 
ation : — 

determination of (Zschiegner), ii, 
443. k 

separation of platinum and (Krauss 
and Deneke), ii, 1005. 

Palladium black, structure of (Osawa), 
ii, 747. 

Palm kernel oil (Armstrong, Allan, 
and Moore), i, 504. 

Palm tree, American, fats from (AndrR 
and Guichard), i, 1124. 

Palmatrubine, and its salts (Feist an4 
Dschu), i, 830. 

Palmitaldehyde p-nitrophenylhydr&zone 
(Stephen), i, 1131. 
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Palmitic acid, latent and specific heats 
of (Parks and Kelley), ii, 949. 
latent heat of fusion of (Stratton 
, and Partington), ii, 25. 
metallic salts (Klimone, v. Moltini, 
and Benedik), i, 506. 
calcium salt, solubility of (Harrison), 
ii, 190, 

sodium salt, equilibria of sodium 
chloride, water, and (McBain and 
Langdon), ii, 537. 
emulsifying power of (Yajnik and 
Ilahi), ii, 968. 

thallium salt (Holds and Selim), i, 
504. 

Palmitylacetic acid, ethyl ester (Levene 
and Haller), i, 890. 

Palmitylacetoacetic acid, ethyl ester 
(Leyene and Haller), i, 890. 

i^-Palmitylpropylenediainine (Society 
or Chemical Industry in Basle), i, 
1133. 

a-Paltreuhyl alcohol (Vesterberg), i, 
1062. 

Pancreas, effect of ingestion of food on 
activity of (Sevringhaus and 
Smith), i, 727. 

effect of removal of, on excretion 
(Birrry and Rathery), i, 856. 
relation between carbohydrate meta- 
bolism of muscle and (Foster), i. 
1495. 

urinary diastase in diseases of (Han- 
sen), i, 856. 

enzymes of (Waldschmidt-Leitz and 
BCarteneok), i, 1860. 
hsemoleucolysin from (Belfanti), i, 

nucleic acid from (Jorpes), i, 182. 

Pancreatic juice, activation of (Lis- 
bonne), i, 615. 
by enterokinase (Seth), i, 202. 

Papain* lipase from (Sandberg and 
Brand), i, 1009. 

proteolytic activity of (Fabre and 
Frossard), i, 863, 

Papaverine nitrite, preparation of (Boeh- 
RINGER SOHN), i, 427. 

Paracetaldehyde, action of, on proteins 
and lipins (Cooper), i, 91, 

Paracetaldehyde, dibromo- (Stepanov, 
pREOBRASOHENSKI, and SCHTSCHU- 
KINA), i, 1240. 

Paraohloralose (Chevalier and Cher- 
buliez), i, 467. 

Parachor and chemical constitution (Sug- 
den* Reed, and Wilkins), ii, 936 ; 

f (Sugden and Whittaker), ii, 937. 

Paraffin, photographic action of H- 
particles from (Blau), ii, 1111, 
utilisation of, by micro-organisms 

. (Tausson), i, 479. 


Paraffins, cracking of (Williams- 
Gardner), i, 1229. 
ignition of mixtures of air and 
(Wheeler), ii, 408. 

cycfoParaffins, structure of (Wightman). 
i, 894. 

Paraffin wax, melting point of (Bjer- 
regaard), i, 769. 

decomposition of (Waterman and 
Perquin), ii, 1125. 

Paraldehyde. See Paracetaldehyde. 

Paralinoleic acid (Hashimoto), i, 1234. 

Paramagnetism, theories of (Cabrera), 
ii, 173. 

and the electron configuration of 
atoms (Jackson), ii, 732. 
of salts (Cotton-Feytis), ii, 945. 
of substances with an odd number of 
electrons (Taylor and Lewis), ii, 
945. 

Parathyroids, extracts of, and their 
activity (Hjort, Robison, and 
Tendiok ; Collip), i, 1364. 
hormone from (Collip ; Collip, 
Clark, and Scott), i, 754 ; (Col- 
lip and Clark), i, 1017. 

Particles, electric charge on (Sexl ; 
Derieux), ii, 832. 

recorder for measuring distribution of, 
in sedimentation (Lambert and 
Wightman), ii, 1194. 
charged, action of, in liquids (Burton 
and Currie), ii, 531. 

a-Particles, model for (Hargreaves), 
ii, 835. 

enumeration of (Appleton, EmelEus, 
and Barnett), ii, 10. 
disintegration of atoms by (Kirsoh), 
ii, 923. 

capture and loss of electrons by 
(Henderson), ii, 922. 
scattering of, by elements (Ruther- 
ford and Chadwick), ii, 1109. 
ionisation of gases by (Gurney), ii, 256. 
stopping power of gases for (Fowler ; 
Kronig), ii, 884. 

distinction between H-particles and 
(Kara-Michailova), ii, 621. 

H- Particles, retrograde (Kirsoh), ii,621. 
distinction between a-particles and 

(Kara-Miohailova), ii, 621. 

Paschen-Back effect (Runge), ii, 341. 

Passivity (Becker and Hilberg), ii, 
405 ; (Russell; Gerding and 
Karssen), ii, 406. 

and anodic behaviour of metals 
(Sbokgi), ii, 550. 

and cathodic overvoltage (Liebreich 
and Wiederholt), ii, 44. 
of metals, influence of anions on 
(Rothmund, Eisknkolb, and 
Steinherz), ii, 181* 
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Pearlite, structure of ferrite and cement- 
ite in (Belaiew), ii, 768. 

Pechmann colouring matters, constitu- 
tion and formation of (Bogert and 
Ritter), i, 255. 

Pectic substances in plants (0 5 Dwyer), 
i, 1225; (Norris and Schryyer), 
i, 1226. 

Pectin, coagulation of (Kopaczewski), 
i, 872. 

hydrolysis of (Smolewski), i, 216. 

Pectinogen (Norris and Schryter), 
i, 1226. 

Pelargonidin chloride, and its 3:3'- 
dimethyl ether (Pratt and Robin- 
son), i, 826. 

Pellagra, prevention and causation of 
(Goldberger and Tanner), i, 
1517. 

Peneus setifervs (shrimp), amino-acids in 

, muscle of (Jones, Moeller, and Gers- 
dorff), i, 134.8. 

Pentachlororuthenious acid. See under 
Ruthenium. 

Pentadecaldehyde, derivatives of (Lan- 
da), i, 1038. 

Pentadecylidenehydrazine henzoyl and 
m-nitrobenzoyl derivatives (Landa), 
i, 1039. 

Pentaerythritol ^mnitrate, crystalline 
structure of (Knaggs), ii, 748. 

1: S'-Pentamethoxybenzoylcon- 
maranone, 2:4-d£bromo- (Dean and 
Nirrenstein), i, 953. 

1 :3: 3' :4':5'-Pentamethoxybenzylcou- 
maranone (Dean and Nibrenstein), 
i, 952. 

l:3:3':4':5'-Pentamethoxybenzylidene- 
coumaranone, and 2:4-dibromo-, di- 
bromide (Dean and Nibrenstein), 
i, 952. 

2:4:6:3':4'-Pentainethoxydiplienyl- 
propane, isomerides of (Del mm, 
O’Reilly, and Ryan), i, 1268. 

2;4:6:3':4'-Pentamethoxy-aa-diphenyl- 
Aa-propene, and its dihromide (Dritmm, 
O’Reilly, and Ryan), i t 1268. 

1 :3:3':4' :5'-Pentamethoxyflavanone 
(Dean and Nibrenstein), i, 
952, 

3:5:7:2 , :4 / “Pentamethoxydavylium salts 
(Pratt and Robinson), i, 826. 

2:2:3*.6:8-Pentametliylbenzopyran(CLAi- 
sen), i, 278. 

aa'-Pentametbylenerfziminodiphenyl- 
diaeetic acid, nickel salt (Schles- 
inger), i, 1250. 

Pectamethyleneditbiocarbamic acid, 
: salts of (Whitby and Matheson), 

'?riv 

PenjgaigthylgnaiiidiuiuTn salts (Lecher, 
Graf, and Gn£dii*grr), i, 1393. 


PentamethyNet 4 cosulpb.ur-blue (Binz 
and Rath), i, 446. 

Pentane, fry-dichlojo- (Boxtrguel),!,770. 
mq/cZoPentane, l:3-diamino-, and its 
derivatives (Diels, Blom, and Roll), 
i, 977. 

ci/cfoPentane-l-earboxylic acid, 1 -hydr- 
oxy-, compound of boric acid and 
(Hermans), i, 501. 

c^cZoPentane-l'-carboxylylanilinocycZo- 
pentane-l-carboxylic acid, 1:1 '-hydr- 
oxy-, lactone (Plant and Facer), 
i, 1271. 

Pentane-jSS-diol, compound of boric acid 
and (Hermans), i, 501. 
c£sc//cZ<?Pentanediol, potassium borates of 
(Hermans), i, 501. 

Pentanolones, and their phenylosazones 
(Schmidt and Ascherl), i, 364. 
Penta-oxymethylene diacetate (Staud 
inger and Luthy), i, 361. 

AB-Pentene, action of hydrogen bromide 
on (Lucas and Moyse), i, 770. 
A/3-Pentene, 7 -chloro- (Bourguel), i, 
364. 

AS-Pentenol (Helferich and Schafer), 
h 7. 

A/s.Penten-5-ol (Olaisen), i, 278, 
o-PentenyLp-cresol (Claisen), i, 278. 
o-Pentenylxylenol (Olaisen), i, 278, 
Aa-Pentinene- 75 -diol, e-chloro- (Les- 
pieaxj), i, 1376. 

A a -Pentinen- 7 -ol, 6 «-dichloro-, deriv- 
atives of (Lespieau), i, 1375. 
Pentosans, determination of (Kling- 
stedt), ii, 720. . 

determination of, in wood (Gierisch), 
i, 1122. 

Pentoses in plants (Englis and Hale), 
i, 618. 

new reaction for (Bertrand ; Deni- 
ofcs), i, 790. 

detection of (Thomas), ii, 604. . 
detection of, in plant glucosides 
(Thomas and Imas), ii, 1209. 
cycZoPentylideneazine, action of hydro- 
chloric acid on (Perkin and Plant), 
i, 842. 

Peppermint oil, influence of hydrogen- 
ion concentration in soil on com- 
position of (H, and (Mmb.) H« 
Deel), i, 622. 

Esthonian, constituents of ("Weider- 
pass), i, 687. 

Pepsin, ionic nature of (Northrop), 
i, 864. 

effect of reagents on activity of 
(Hdgounenq and Loiseledr), i, 
1198. 

effect of temperature and reaction on 
the destruction and activity of 
(Ege), i, 743- 
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Pepsin, action of hydrochloric acid and, i 
on proteins (van Urk), i, 1507. 
study of the action of, by peptisation 
of gold hydrosols (CJhlenbruck), 
i, 742. 

action of, on insulin (Epstein), i, 
1513. 

hydrolytic and synthetic properties of 
(Bohsook and Wasteneys), i, 472. 
synthesis of proteins by means of 
(Wasteneys and Borsook), i, 102, 
864. 

determination of, in gastric juice 
(Rostock), i, 1009 ; (Boas, Hirsoh- 
Mamroth, and Rindfleisch), i, 
1213. 

Peptase in leaves (Blagoveschenski 
and Bielozerski), i, 1009. 

Peptidase, balance of, in man and 
animals (Pfeiffer and Standenath), 
i, 1361. 

Peptides, hydrolysis of (Levenb and 
Simms), i, 473. 

transformations of (Bergmann, 
Miekeley, and Kann), i, 1134. 
action of alkalis on (Lkvene and 
Pfai/tz), i, 1474. 

Peptisation, theory of (Sen), ii, 666. 

Peptones, hydrolysis of, with hydro- 
chloric acid (Yaitsohnikov), i, 320. 

Per-acids, formation of (Fighter and 
Stocker), i, 239. 

Perbenzoic acid, preparation of (Hibbert 
and Burt), i, 1147. 

PerhorateB. See under Boron. 

Perchlorates and Perchloric acid. See 
under Chlorine. 

Perfumes in foods (Bylsma), i, 1356. 

Perhydridase of milk (Sbarsky and 
Miohlin), i, 472. 

perhydroanthracene (Schroeter, van 
Hullb, Gltjschke, Stier, and 
M&ller), i, 125. 

Periodic system (Palmaer), ii, 90. 
theory of (Sommerfeld), ii, 177. 
in relation to isotopes (Schtschtt- 
kaREv), ii, 462. 
of elements (Oddo), ii, 623. 

Periodicity in electrochemical reactions 
(Hedges and Myers), ii, 680. 
and unsaturated cyclic compounds 
(Petrenko-Kritschenko), ii, 1122. 

“Permalloy” (Deloraine), ii, 639. 

“ Permalloys,” effect of tension on mag* 
netisation and hysteresisof (Buckley 
and MoKbehan), ii, 945. 

Permanganates, See under Manganese. 

Permanganic acid. See under Man- 
ganese. 

Permeability (Gy5rgy), i, 322. 
of cells (Brooks), i, 1004; (Chodat), 
ii, 521. 
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Permeability of membranes (Bancroft 
and Gurchot), ii, 110. 
for electrolytes (Michaelis), ii, 
1150 ; (Ftjjita), ii, 1151. 
of stereoisomerides (Okagawa), i, 711. 
reversible (Gans), ii, 173. 

Permutoid structure (Kautsky and 
Herzberg), ii, 941. 

Pernitric acid. See under Nitrogen. 

Pemitroso compounds, action of potass- 
ium cyanide on (Passerini), i, 1290. 

Perowskite, crystal structure of (Levi 
and Natta), ii, 1036, 

Peroxides, fusion with, by the explosion 
method (Muehlberg), ii, 899. 
organic, syntheses with (GELissENand 
Hermans), i, 379, 545, 663, 664. 
analogies between diazo compounds 
and (Gslissen and Hermans), i, 
813. 

determination of (Rupp and Siebler), 
ii, 432. 

Peroxydases, influence of neutral salts 
on (Smirnov), i, 486. 
hydrolysis of starch by (Biedermann 
and Jernakoff), i, 11. 
in dried seeds (Coupin), i, 615. 

Per-salts, determination of (Rupp and 
Siebler), ii, 432. 

Perylene, and its derivatives (Zinke, 
Funke, and Pongratz), i, 819 ; 
(Zinke, Fitnke, Matsches, Wolf- 
bauer, and Lorbbr), i, 1436. 
preparation of (Compagnie Nation- 
ale DE MATlkRES COLORANTES ET 
DE PRODUCTS OhIMIQUES), i, 21. 
derivatives of (Zinke, Linner, and 
Wolfbauer), i, 383 ; (Zinke, Pon- 
gratz, and Fijnke), i, 384. 

Perylene, l:12-<&h;ydroxy- (Zinke and 
Hanselmayer), i, 564. 

Perylene colonring matters (Badisobe 
Anilin- & Soda-Fabrik), i, 1290. 

1 :12-Perylenequinone (Zinke and Han- 
selmayer), i, 564. 

Perylenetetracarboxylic acid, and its 
derivatives {Kalle & Oo.), i, 406. 
vat dyes from derivatives of (Kalle & 
Co.), i, 1834. 

Perylenetetracarboxylic acid, tetra- 
chloro-, and its imide (Kalle & Co.), 
i, 1277. 

Petroleum, helium in gas from (Clay), 
ii, 1195. 

sulphur compounds in (Birch and 
Norris), i, 628. 

action of sodium hypochlorite on 
(Birch and Norris), i, 1229. 
Niitsu, naphthenic acids from (Ta- 

* It aka, Nagai, and Ishida), i, 252. 

Nishiyama, naphthenic acids from 
(Tanaka and Nagai), i, 1271. 
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Petromyzon fluviatilis , detection of 
amino-acids and other constituents in 
(Flossner and Kutscher), i, 327. 

Phanerogams, heterotrophic, chemistry 
of (Zellner), i, 1025. 

Phase rule and moving boundaries 
(Smith), ii, 399. 

Phaseolus lunatics, enzymes of {Rosen- 
thaler), i, 1008. 

Phaseolus radiatus , vitamin-^ and 
albumin in germinating , seeds of 
(Donath), i, 483. 

o-Phenacyloxybenzyl bromide (Freud- 
bnberg, Fikentscher, and Harder), 
i, 420. 

Phenanthraphenazinazine, and amino-, 
brorao-, bromonitro-, hydroxy-, and 
nitro- (Sircar and Dorr), i, 593. 

Phenanthraphenazine-2: 7-bis(l '-azo- 
2' -hydroxy -3' -naphthoic acid (Sircar 
and Gupta), i, 984, 

Phenanthraphenazine-2: 7-his(l'-azo- 
2'-naphthol (Sircar and Gupta), i, 
984. 

Phenanthraquinol phenyl ether (Gold- 
schmidt, Vogt, and Bredig), i, 
1434. 

Phenanthraqulnone > action of, on aro- 
matic aldehydes in presence of am- 
monia (Sircar and Bay), i, 980. 

Phenanthraqulnone, ^famine-, c&amino- 
efohydroxy-, and fctfrahydroxy-, and 
their derivatives (Brass and Nickel), 
i, 278. 

Phenanthraqninone colouring matters 
(Sircar and Dutt), i, 593 ; (Sircar 
and Gupta), i, 983. 

Phenanthraquinonetetrazonium perbvo- 
mides (Brass and Nickel), i, 273. 

Phenanthraquinonyl-3-azide, acid de- 
composition of (Brass and Nickel), 
i, 446. 

Phenanthraqninonyl-3-diazonium per- 
bromide (Brass and Nickel), i, 447. 

Phenanthrazine (Goldschmidt, Vogt, 
and Bredig), i, 1434. 

Phenanthrene, hydrogenation of 
(Sohroeter, van Hulle, and 
Muller), i, 130. 

action of aluminium chloride on a 
mixture of m-xylene and (Schaar- 
schmidt, Mayer-Bugstrgm, and 
Sevon), i, 241. 

Phenanthrene, 9-bromo-10-hydroxy- 
(Goldschmidt, Vogt, and Bredig), 
i, 1435. 

Pheaanthrol, oxidation products of 
;i^^OHMiDT, Vogt, and Bredig), 

J#-P to a nt hryl peroxide, 9-bromo- 
Vogt, and Bredig), 


Phenarsazinic acid, and its salts and 
derivatives (Burton and Gibson), 
i, 84. 

Phenazine, 1-amino- and l:3-efo'amino-, 
and their acetyl derivatives (Kehr- 
mann and Prunier), i, 304. 
3-amino-7- and -8-hydroxy-, 3:7 -di- 
hydroxy-, 3-nitro-7- and -8-hydr- 
oxy-, and their derivatives (Kehr- 
mann and Haenny), i, 1330. 
2-hydroxy-, and its derivatives (Kehr- 
mann and Oherpillod), i, 303. 

3-^-Phenetidino-5-keto£s<?oxazole (W or- 
rall), i, 308. 

3-p-Phenetidino-5-ketopyrazole (Wor- 
rall), i, 308. 

Phenetole, 2:4:5-£nchloro- (Aktien- 
Gesellsohaft pur Anilin-Fabri- 
kation), i, 1145. 

innitro-, and trinitroanisole, alco- 
holysis of (Brady and Horton), 

i, 1409. 

o- and ^-Phenetolesulphonylacetones, 
and their derivatives (Troger and 
Brghm), i, 1453. 

3-o- and ^-Phenetolesulphony 1-2-methyl- 
quinolines, and their salts and deriv- 
atives (Troger and Brohm), i, 1453. 

p-Phenetylcarbamide ( dulcin ), constitu- 
tion of (Taufel and Wagner), i, 
841. 

changes in the sweetening power of 
(Thoms), i, 538. 

Phenol, ultra-violet absorption by 
benzoic acid and (Kefianka ana 
Marohlewski), ii, 179. 
heats of formation of aqueous solu- 
tions of (Ferguson and Hope), ii, 
492. 

surface tension of aqueous solutions of 
(Goard and Bideal), ii, 510. 
vapour pressure of aqueous solutions 
of (Ferguson and Ftjnnell), ii, 
501. 

vapour pressure of mixtures of, with 
various compounds (Weissen- 
BERGER, SoHUSTER, and SCHULER), 

ii, 649. 

influence of another substance on the 
critical temperature of aqueous solu- 
tions of (Duckett and Patter- 
son), ii, 381. 

surface tension of aqueous solutions of 
(Goard and Bideal), ii, 961. 
salting-out of, from aqueous solution 
(Haener and Kteno), ii, 283. 
molecular state of, in benzene solution 
(Philip and Clark), ii, 770. 
equilibrium of salicylic acid, water, 
and (Bailey), ii, 1064, ' 
condensation of benzyl alcohol and 
(Huston), i, 249. 
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Phenol, condensation of carbon tetra- 
chloride and (Gomberg and Snow), 
i, 660. 

determination of, in blood (Haas and 
Schlebinger), i, 334. 

Phenol, 33 -amino-, sulphate, preparation 
of (Horii and Komori), i, 1410. 
tfrobromo-, and its derivatives (Kohn 
and Strassmann), i, 1264. 
3-chloro-wo?w-, -di-, and -£n-nitro 
derivatives, and their derivatives 
(Hodgson and Moore), i, 1144. 
3-chloro^initro- (SaniS and Joshi), 
i, 134. 

2:4:5-2nchloro-, butyl carbinyl ethers 
of (Aktien-Gesellschaft for 
Anxlin-Fabrikation), i, 1145. 
thio-, action of anisilic and benzilic 
acids on (Bistrzycki and Eisi), 

i, 1426. 

Phenols, heats of solution of, in water 
(de Kolosovski), ii, 540. 
catalytic hydrogenation of (Vavon 
and Berton), i, 806. 
catalytic dehydration of mixtures of 
alcohols and (Briner, Pluss, and 
PaillaRd), i, 248. 

oxidation of (Pummerer, Puttfarc- 
KEN, and Schopflooher), i, 1262. 
molecular compounds of (Weissbn- 
beegee and Piatti), i, 538, 
539 ; (Weissenberger and 
Schuster), ii, 648, 765; (Weis- 
senberger Schuster, and 
Schuler), ii, 649 ; (Weissen- 
bergee, Schuster, and Mayer), 
ii, 768. 

with 4:4'-dipyridylium dialkyl 
halides (Emmert and Boh), i, 
587, 

binary systems of, with acids or esters 
(ICeemann, Zeohner, and Drazil), 

ii, 650. 

alkylation of (Claisen, Kremers, 
Roth, and Tietze), i, 656 ; (Clai- 
sen), i, 1410. 

condensation of, with citric acid 
(Miller), i, 1442. 
condensation of diphenyl formamidine 
with (Shoesmith and Haldane), 
i, 39. 

nitrosation of (Hodgson and Moore), 
i, 1408. 

esterification of oxalic acid with 
(Feigl and Kobiliansky), i, 1235. 
preparation of mercury derivatives 
of . (Saccharin-Fabrik Aktien- 
Gesellschaft vorm. Fahlbero, 
List & Oo.), i, 1197. 
mercuri compounds of > (Wellcome 
Foundation, Ltd., Henry, and 
Sharp), i, 1154. 
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I Phenols, monohydric, alkyl ethers of, and 
their halogen derivatives (Aktien- 
Gesellschaft f^r Anilin-Fab- 
eikation), i, 1145. 
polyhydrio, association of (Rouyer), 
i, 911. 

detection of, in plants (Ware), i, 

1122 . 

determination of, in essential oils 
(Reti), ii, 604. 

Phenols, amino-, catalytic reduction of 
(Hegkel and Adams), i, 909. 
action of sulphuryl chloride on 
(Eller and Lorenz), i, 537. 
diazo derivatives, thermochemistry 
of (Swientoslawski and Blasz- 
kovska), ii, 1044. 

o-amino-, migration from nitrogen to 
oxygen in (Raifokd and Lan- 
kelma), i, 809. 

bromo- (Kohn and Fink), i, 133 ; 
(Kohn and Jawetz), i, 135 ; (Kohn 
and Wiesen), i, 539 ; (Kohn and 
Weissberg), i, 655 ; (Kohn and 
Guttmann), i, 1263 ; (Kohn and 
Loff ; Kohn and Strassmann ; 
Kohn and Marberger), i, 1264 ; 
(Kohn and Ge&n), i, 1265. 

2- and 3-bromo-4-nitroso-, and 2-iodo- 
4-nitroso- (Hodgson and Moore), 
i, 1408. 

nitro-, equilibria of, with camphor 
(Efremov), ii, 1160. 
action of, with ;?-toluenesulphonyl 
chloride (San& and Joshi), i, 
134. 

phenylcarbamates of (Brady and 
Harris), i, 1261. 
determination of (Desvergnes), ii, 
447. 

tnnitro-, determination of (Des- 
yergnes)* ii, 447. 

nitroamino-, detection of, in urine 
(Desvergnes), i, 328. 
nitroso-, reduction of, with alkali 
sulphides (Pobai-Koschitz) i, 
1060. 

Phenolisatein (Sen and Sircar); i, 
555. . 

Phenolmercurisulphonic acid (Saccha- 
rin- Fabrik Aktien-Gesellsohaft 
vorm, Fahlbbrg, List & Co.), i, 
1197. 

Phenolphthalein, effect of alcohol and 
salts on dissociation of (Richter), 
ii, 237. 

^Phenolphthalein, and its derivatives 
(Orndorfp and Barrett), i, 35. 

Phenolphthalin, detection of hydro- 
cyanic acid with (Stamm), ii, 76. 

^Phenolphthalin, and its diacetate 
(OrndoRff and Barrett), i, 36. 



ii. 1644 


INDEX OF SUBJECTS. 


Phenolresorcinolphthalein, and its 

derivatives (Sen and Siucar), i, 554. 

Phenolsulphonephthalein, adsorption of, 
by charcoal and proteins (Groll- 
man), i, 1000. 

effect of alkalis on colour of (Hub- 
bard and Meeker), i, 1115. 
diethyl and dimethyl ethers (Orndorff 
and Shapiro), i, 251. 
determination of, in urine in jaundice 
(Abramson), i, 329. 

O’ and 2 ?-Phenolsulphonic acids, action 
of nitrous acid on (Rodionov and 
Matvebw), i, 83. 

2:3-isoPhenosafranine, and its salts 
(Hoehn), I, 938. 

Phenoxarsiae, 6-chloro- (Turner and 
Sheppard), i, 705. 

Phenoxarsines, chloro-, formation of, 
from phenoxyphenyldichloroarsin es 
(Roberts and Turner), i, 1339. 
<ftchloro- (Roberts and Turner), i, 
1340. 

Phenoxarsinio acids, chloro- (Roberts 
and Turner), i, 1340. 

Phenoxides, metallic, preparation of 
(Zetzsche, Silbermann, and Virli), 
i, 1411- 

Phenoxyacetic acid, 2:4-dinitro- 
(Ohristiansen), i, 817. 

Phenoxyacetic acids, hyperthermic 

action of (Mameli and Filippi), i, 
466. 

3-(e-Fhenoxyamylamino)butylbenz- 
amide hydrochloride (V. Braun and 
Zobel), i, 1455. 

o-Phenoxybenzeneazo-£-naphthol- 
(Turner and Sheppard), i, 706. 

a- Phenoxyb u ty 1 alcohol (Baekeland 
and Bender), i, 689. 

€-(5-Phenoxybntylamino)amylbenzamide 
hydrochloride (v. Braun and Zobel), 
i, 1456. 

5-Phenoxybutylmalonic acid, and its 
ethyl ester, and a-bromo- (Marvel, 
MacCorquodale, Kendall, and 
Lazier), i, 234. 

a-Phenoxy-a^-dibenzoylethylene (Co- 
nant and Lurz), i, 682. 

9-Phenoxy-2;9-diethoxy-9:10-dihydro- 

, acridine (Farbwerke vorm. 
Mrister, Lucius, k Brining), i, 
429. 

£'-Phenoxydiethyl ether, £-chloro- 
(Crrtoher, Koch, and Pittenger), 
i, 627. 

9-Phenoxy-2-ethoxyacridine (Farb- 

v k werke vorm. Meister, Luoius, k 
i, 429. ■ 

acid, a-bromo- (Mar- 
and 


m- and j)-Phenoxymethylbenzonitriles 
(v. Braun and Reich), i, 1405. 
p-Phenoxymethylbenzyl alcohol (v. 

Braun and Reioh), i, 1405, 
p-Phenoxymethylbenzyl bromide (v. 

Braun and Reich), i, 1405. 
m- and p-Phenoxymethylbenzylamines, 
and their salts and derivatives ^v. 
Braun and Reich), i, 1405. 
Phenoxy-P-oxotetrahydrodiazphosphol- 
inm (Autenrieth and Bolli), i, 
1469. 

Phenoxy-P-oxydihydrobenzodiazphos- 
pholium (Autenrieth and BoLLr), i, 
1468. 

9-Phenoxy-10-phenanthryl peroxide 
(Goldschmidt, Vogt, and B redig), 
i, 1434. 

0 -Phenoxyphenylarsinic aeid (Turner 
and Sheppard), i, 706. 
Phenoxyphenylarsinic acids, and chloro- 
(Roberts and Turner), i, 1440. 
o-Phenoxyphenyl^chloroarsine(TuKNER 
and Sheppard), i, 706. 
and its ch loro-derivatives, conversion 
of, into chloro phenoxarsines 

(Roberts and Turner), i, 1339; 
Phenozyphenyldichlor oar sines, chloro- 
( Roberts and Turner), i, 1340. 
Phenoxy-p-thiodihydrodiazphospholium 
(Autenrieth and Meyer), i, 990. 
Phenyl allyl ether, jp-oximinoamino-, 
acetyl derivative (Karrer, Diech- 
mann, and Haebler), i, 243. 
allyl ethers, transformation of 

(ClaIsen and Tietze), i, 389. 
benzhydryl sulphide (Bistrzycki 
and Risi), i, 1426. 
benzoate, m-bromo- and 3:5-cfobromo- 
(Kohn and Fink), i, 133. 
benzyl ether, s-tfnbromo-, and its 
nitro derivatives (Holmes and In- 
gold), i, 1142. 

benzyl ether and sulphide, o-amiuo*, 
and o-nitro-, and their deiivatives 
(Sieglitz and Kooa), i, 278. 
£-chloroethyl sulphide, and o-nitro- 
(Lecher, Holschneider, K6- 
berle, Speer, and StOcklin), i, 
390. 

cinnamyl and y-phenylpropyl ethers 
(Claisen, Kremers, Roth, and 
Tietze), i, 650, 

4 :4'-diinethoxybenzhydryl sulphide 
(Bistrzycki and Risi), i, 1426. 
di-j^-tolyl thiophosphate (Autenrieth 
and Meyer), i, 807. 
groups, migration of p-anisyl and 
(Tiffeneau and OrEkhov), i, 679, 
hydrogen tfcicsulphate,2:4-dt*hy droxy-, 
and its potassium salt (Heller), 
i, 315. 
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Phenyl by dr oxy ph eny 1 a] ky 1 ethers 

(Baekeland and Bender), ;, 689. 
0 -iodobenzyl ether, o- iodo- (Sieglitz 
and Kooh), i, 278. 
^-methylaminophenyl sulphide, and 
„ its derivatives (Rivier and 
Richard), i, 1417. 
o-methyl-A/3-butenyl ether (Claisen, 
Kremers, Both, and Tietze), i, 
656, 

£-phenylethyl ether, 0 -amino-, 0 -hydr- 
oxy-, and 0 -nitro-, and their deriv- 
atives (Sieglitz and Koch), i, 278. 
cyctopropylmethyi ether (v. Braun, 
FussgInger, and Ktjhn), i, 1402. 

Phenyl-4-acenaphthylmethane (L orri- 
man), i, 673. 

Phenyl-4'-acenaphthylmethane-2-carb- 
oxylic acid (Lorriman), i, 673. 

Phenyl-4-acenaphthylphthalide (Lorri- 
man), i, 672. 

Phenylacetaldehyde-ammonia (Grig- 
nard and Escourrou), i, 931. 

£ -Phenylae etaldimine, and its hydro- 
chloride (Grignard and Escourrou), 
i, 931. 

3-Phenylacetamido-^- cresol, 5-chloro-, 
and its p-toluata (Raiford and 
Lankelma), i, 810. 

Phenylacetic acid, hydroxylamine salt 
(Oesper and Ballard), i, 1233. 

d- and ^-Phenylacetic acids, a-bromo- and 
a-chloro-, bornyl esters (McKenzie 
and Smith), i, 822. 

Phenylacetomethylamide, o-nitro- (Ne- 
bkr, Hartung, and Ruopp), i, 
1073. 

Phenylaceto-#* phenyl ethyl amide, 
o-amino- (Gadamer, Oberlin, and 
Sohoeler), i, 576. 

3-Phenylacetoxymethyl-8-methyl» 
benzthiopyrone (Krollpfeiffer, 
SOHULTZE, SCHLUMBOHM, and SOM- 
MERMEYBR), i, 1307. 

0 -Phenylacetyldeoxyhenzoin (Weiss and 
Sonnensohein), i, 937. 

Phenylalkyl cyanoao etamide s (Thomp- 
son, Bedell, and Buffett), i, 699. 

Phenylalkylhydantoins (Thompson, 
Bedell, and Buffett), i, 699, 

3-Phenyl»3 -ally 1-4 : 5 -hen zoc 0 umaran - 2 - 
one (LSwenbein, Simonis, Lang, 
and Jacobus), i, 148. 

3-Phenyl-3-allylcoumaran-2-one (Low- 
enbein, Simonis, Lang, and Jaco- 
bus), i, 148. 

3-a-Phenylallyl-j?-cresol, and its phenyl - 
carbamate (Claisen and Tietze), i, 
389. 

2-Phenyl-2-allyldiketohydrindene, 
spiran derivatives of (Radulesou), i, 
1159. 


0- a-Phenylallylphenol, and its phenyl- 
carbamate (Claisen and Tietze), i, 
389. 

a-Phenyl-a- allylsuccinamic acid, ethyl 
ester (Farbwerke yorm. Meister, 
Lucius, & Bruning), i, 376. 

a-Phenyl-a-allyleuccinimide (Farb- 
■WERKE VORM. MEISTER, LUCIUS, & 
Bruning), i, 376. 

1- Phenyl-4-allylthiosemicarbazide, 0 - 

nitro- (Guha and Ray), i, 1462. 

Phenyl^raaminobenzene, and its deriv- 
atives (Kehrmann and StanoyE- 
YItch), i, 1332. 

2- Phenyl -4- aminomethylquinoline, and 
its salts (John), i, 1317. 

4-Phenyl'l-tf-aminophenyltliiosemicarb- 
azide (Guha and Ray), i, 1462. 

Phenyl aminostyryl ketones, js^rchlor- 
ates of (Pfeiffer), i, 410. 

Phenyh'soamylc^thiocarbamic acid, salts 
of (Whitby and Matheson), i, 644. 

4-Phenyl-3-anisyl-2-anisylidene-5- 
methyl-A 3 -o?/cZ 0 penten-l-one (Ryan 
and Lennon), i, 1282. 

3- Phenyl-4-p-anisylcoumarin, 7 -hydr- 
oxy-, and its acetyl derivative (Bar- 
gellini), i, 1442. 

£-Phenyl-jS-amsyIethylamine, ^-hydr- 
oxy-, action of nitrous acid on (OrEk 
hoy and Roger), i, 262* 

aa* Phenyl-p-anisylethyiene iodohydrin 
(Tiffeneau and OrEkhov), i, 680. 

a- and /S-Phenylanisylfuroxanes 
(Meisenheimkr, Lange, and Lam- 
parter), i, 1075. 

4- Phenyl-3-anisyl-5-methyl-A 2 -cycZo- 
penten-l-one (Ryan and Lennon), i, 
1282. 

l-Phenyl-3-jt?-anisyl-5-methylpyrazole- 
4- carboxylic acid, and its ethyl ester 
(Minunni, Lazzarini, and D’Urso), 
i, 1176. 

Phenyl -p-anisyl-a-naphthylmethane 
(Dilthey), i, 651. 

Phenyl -js-anisyl-a-naphthylmethyl 
bromide and chloride (Dilthey), i, 
651. J ’ 

Phenylanisylpyrazolines, acetyl deriv- 
atives, and, 4-hydroxy- (Freudenberg 
and Stoll), i, 70. 

Phenylarsenious oxide, 3-nitro-4-hydr- 
oxy- (Christiansen, Norton, and 
Shohan), x, 1471. 

Phenyl- 1 -arsenoxide-4-stibinoxide 
(Chemische Fabrik yon Heyden), 
i, 86. 

Phenylarsinie acid, j?-amino-, salts of, 
crystal structure of (Gilt a), ii, 93. 
action of pyruvic acid and, on 
aldehydes (Adams and Johnson), 
i, 319. 
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Phenylarsinic acid, ^-amino-, benzoyl, 
aminobonzoyl, and nitrobenzoyl de- 
rivatives of, and their derivatives 
(King and Murch), i, 319. 

3- amino-4-hydroxy-, 3-acetyl deriv- 
ative, bismnth salt, action of, 
in syphilis (Levaditi), i, 1005 ; 
(Fournier and Schwartz), i, 1006. 

4- amino-3-hydroxy-, action of carb- 
onyl chloride on,(CAssELLA & Co.), 
i, 172. 

3-chloro-2-amino-4-hydroxy- and its 
acetyl derivative, and S-chloro-2- 
mtro-4-hydroxy- ( Cassell a & Co ), 
i, 1471. 

3- oximinoamino-4-hydroxy-, 3-acetyl 
derivative (Karrbr, Diechmann, 
and Haebler), i, 243. 

Phenylarsinic acids, ^mmino- and nitro- 
arnino-, benzoyl derivatives (Hamil- 
ton and Major), i, 990. 
Phenyl-l-arsinie aeid-8-stibinic acid, 

4- hydroxy- (Chemisuhe Fabrik von 
Heyden), i, 86. 

Phenyl arsinodicarboxy lie acid, ethyl 
ester (Job, Eeich, and Vergnaub), 
i, 173. 

Phenylazodiacetylsnccinic acid, jt>- 
amino-, acetyl derivative, ethyl ester 
(Bulow and Baur), i, 1327. 
Phenylbarbitnric acid, bromo- (Yoor- 
bees and Skinner), i, 837. 

2- Phenyl-l:3-benzdiazole, and its hydro- 
chloride (Gtjha and Ray), i, 1462. 

N - Phenylb enzimidopheny i ether, and 
its chloro-derivatives, molecular re- 
arrangement of (Chapman), i, 1400. 

3- Phenylbenzopyran, bromohy d roxy- 

and hydroxy-, and their derivatives 
(Kahil and Nierenstein), i, 53 

3-Phenylbenzopyrylium chloride, 3:5:7- 
2-2 , :4 / -j?ew2ahydroxy-. See Morinidin 
chloride. 

1-Phenylbenzoxazole, l-o-hydroxy- 
(v. Auwers and Jorban), i, 265. 
3-Phenyl-3-benzoylcoumaran-2-one 
(Lowenbein, Simon is, Lang, and 
Jacobus), i, 148. 

Phenylbenzoyldiazomethane, reaction of 
carbon disulphide with (Meyer), i, 
424. 

1- Phenylbenzthiazole methiodide 

, (Clark), i, 841. 

2- Phenylbenztriazole, ^-amino-, m- 
amino-fl-hydroxy-, mm'-efa'-bromo- and 

, -ehloro-s-p-hydroxy-, efo’bromo^i- 

hydroxy-, p-mono- and op-dz-hydroxy-, 

: v- and their derivatives ( Elbs ), i, 1 63. 
l-I^nylhehatriazole-5-carboxylic acid, 

' and its acetyl derivative, 
7^iitro- (Linbemann and Wes- 


S-Phenyl-3-benzyl-4:5-benzocoumaran- 
2-one (Lowenbein, Simonis, Lang, 
and Jacobus), i, 147. 

3-Phenyl-3-henzylcoumaran-2-one 
(Lowenbein, Simonis, Lang, and 
Jacobus), i, 147. 

Phenyl benzyl diketone, and its deriv- 
atives (Malkin and Robinson), i, 559. 

Phenylbenzyldimethylammonium 
iodide, compound of iodoform with 
(Steinkopf and Bessaritsch), i, 495. 

Phenylbenzyldimethylanonium iodide, 
compound of iodoform with (Stein- 
kopf and Bessaritsch), i, 496. 

a-Phenylbenzyl ethyl ketone, semicarb- 
azone ( L&vy and Lagrave), i, 679. 

Phenylbenzylglyoxal. See ay-Diphenyl- 
propan-a/3-dione, 

Phenylbenzyl-^-hydroxytolylacetic 
acid, potassium salt (LOwenbein, 
Simonis, Lang, and Jacobus), i, 147. 

3-Phenyl-3-benzyl*5-methylcoumaran- 

2-one (Lowenbein, Simonis, Lang, 
and Jacobus), i, 147. 

a-Phenylbenzyl methyl ketone, semi- 
carbazone (LEvy and La grave), i, 679. 

Phenylbenzy lmethyl- (methylanilino- 
ethyl)ammonium nitrate (Wedekind 
and Uthe), i, 536. 

^-Phenylbenzylmethyl-j3-phenylmethyl- 
aminoethylammonium nitrate, decom- 
position of, by aniline in chloroform 
solution (Wedekind and Uthe), i, 
1059. 

a-Phenyl- j3-b enzyl-£ - me thy lprop ane 
(Trotman), i, 383. 

fls-Phenylhenzyl-p-phenylenediamine, 
and its derivatives (Desai), i, 388. 

Phenyl o-banzylphenyl ketone (Mayer 
and Fischbach), i, 1076. 

a-Fhenyl-#-ben zylpropane, j8- bromo- 

(Trotman), i, 382. 

a-Phenyl-£-benzylpropan-;8-ol, •y-ammo- 
(Thomas and Brttzieche), i, 250. 

Phenylbenzy lpyrazoles, oh loro- (v. 

Auwers and Mauss), i, 1179, 

2- Phenyl-3-b enzylquinoxaline (Malkin 
and Robinson), i, 559. 

Phenyl-bis-(3-hydroxy-4:4'-dicarb- 
ethoxy-5:5 , -dimethyl-2:3 , -dipyryl)- 
methane, and its derivatives (Fischer 
and Heyse), i, 78. 

w-Phenylbiuret, and its methyl deriv- 
atives (Gatewood), i, 805. 

Phenyl ajS-rfibromo-a-methoxy-jS- 
phenylethyl ketone (Malkin and 
Robinson), i, 559. 

3- Phenylbromomethyl-6-methylbenz- 
thiopyrone, and its pyridinium ; salt 
(Krollpfeiffer, Schultze,. Sch- 
lumbohm, and Sommermeyer), i, 
1307. 
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2-PhenyI-6-bromo-4-methylc[uinolin8, 
and its salts (John and Weber), i, 
1452. 

Phenyl-^-bromophenylformamidines, 
W-hydroxy-W- and-iV'-^-chloro- (Far- 
row and Ingold), i, 155. 

Phenyl-p-bromophenyl-a-naphthyl- 
metliyl chloride (Dilthey), i, 653. 

Phenyl-iY-j?-bromophenylnitron, o- 
hydroxy- (Bamberger), i, 142. 

Phenyl-p-hromophenyloxazolidines 
(Dains, Brewster, Malm, Miller, 
Maneval, and Sultzaberger), i, 
1064. 

Phenylhromotolylcarbamide (Bamber- 
ger), i, 143. 

Phenylbromotolylthiocarbamide (Bam- 
berger), i, 143. 

5-Phenylbutmene (Bert, Dorier, and 
Lamy), i, 1373. 

Phenylbntinoic acid (Bourguel), i, 770. 

Phenyl-w-hutylcyanamide (v. Braun, 
Fussganger, and Kuhn), i, 1403. 

Phenyl butyl ketones, 2:4-^’hydroxy- 
(Sharp to Dohme and Dohme), i, 
541. 

Phenylcyc/obutylmethylcyanamide (v. 
Braun, Fussganger, and Kuhn), i, 
1403. 

Phenylcarbamic acid, 2-chloro-4:6-eft- 
nitro-, ethyl ester (Kniphorst), i, 907. 

Phenylcarbamide, bromocftnitro-, chloro- 
c&nitro-, and 2:4;6-2nnitro- (Knip- 
horst), i, 906. 

Phenylcarbamidomalonie acid, ethyl 
ester (Gatewood), i, 1189, 

j 8 -Phenyl-a-carbethoxyhydrazine-j 8 - 
dipheaylacetie acid (Ingold and 
Weaver), i, 580. 

Phenylcarbimide, action of methyl - 
carbamide on (Biltz and Beck), 
i, 1393. 

Phenylcarbylamine, action of a-naph- 
thol with (Passerini), i, 1298, 

Phenylchelerythrine, and its chloro- 
aurate (Gadamer and Stichel), i, 
287., 

Phenylefo'chloroarsine, additive com- 
pound of aluminium chloride and 
(Hunt and Turner), i, 844. 

Phenyl-jS^'-rfichlorodivinylarsine, and 
its derivatives (Hunt and Turner), 
i, 844. 

2-Phenylehloro-4-methylquinolines, 
and their salts (John and Weber), i, 
1452. 

1 -Phenyl- 5 -o- chloropheny 1- 3 -methyl - 
pyrazolihe (v. Auwers and Kreu- 
der), i, 1455. 

Phenyl-4-ehloropiaselenazonium 
chloride (Battegay and V6 chot), i, 
1467. 


Phenyl o-chlorostyryl ketone, o-hydr- 
oxy-, and its acetyl derivative and 
their dibromides (RSthlisberger), i, 
572. 

Phenyl-jB-chlorovinylehloroarsine 
(Hunt and 1 Turner), i, 843. 

Phenylohromans. See Phenylbenzo- 
pyrans. 

3- Phenylchioman-2-one, and its phenyl- 
hydiazone (Kahil and Hierenstein), 
i, 52. 

Phenylcinehonic acid, j 8 -hydroxyethyl 
ester (Cretoher and Pittenger), 
i, 1415. 

a-Phenylcinnamylideneacetonitrile , 
photodimerides of (Stobbe and Kuhr- 
mann), i, 253. 

Phenyl cinnamylidenemethyl ketone, 
hydroxy-, glucoside (Bargellini 
and Leone), i, 1284. 

Phenylcitronellylacetic acid, and its 
derivatives (Becherer), i, 664. 

Phenylcitronellylamine, and its salts 
and derivatives (Rupe and Rinder- 
kneoht), i, 658. 

Phenyleitronellylcarhinol (Bupe and 
Rinderknecht), i, 658. 

as-Phenylcitronellylhydrazine, and its 
derivatives (Rupe and Rinder- 
kneoht), i, 658. 

S-Phenylcoumarin, 6 -bromo-, 6 -chloro-, 
6 : 8 -cftchloro-, and 7 -hydroxv-, and 
its acetyl derivative (Dey ana Row), 
i, 150, 

4- Phenylcoumarin, 5:7 :4-^-tfnhydroxy-, 
and its triacetyl derivative (Bargel- 
lini), i, 1299, 

3-Phenylcoumarone, 2-hydroxy-, potass- 
ium, and sodium derivatives (L5wen- 
bein, Simonis, Lang, and Jacobus), 
i, 147. 

7 -Phenylcrotonamide, a-hydroxy-, 
derivatives of (Bougault), i, 921. 

Phenylcyanamide, 2:4-aftnitro- (Giua 
and Petronio), i, 1396, 

Phenyl-di-3(2-anilino-i:4-naphtha- 
quinonylj-amine (Fries and Billig), 
i, 940. 

Phenyl aa-di-^-anisylbenzyl ketone 
(Tiefeneau and Orekhov), i, 
680. 

a-Phenyl-£/3-dibenzylpropane (Trot- 
man), i, 383, 

Phenyl&iethylallylamnioiuum iodide, 
compound of iodoform with(STEiN- 
kopf and Bessaritsoh), i, 495. 

a-Phenyl-aa'- and -aa'-diethylsuccin- 
imides ( Farbwerke yorm. Meister, 
Lucius, to BrUning), i, 377. 

a-Phenyl-a'a'-diethylsuccinonitrile, a- 
cyano- (Farbwerke yorm. Meister, 
Lucius, to Brining), i, 377. 
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Phenyldihydrochelerythrine, and its 
chloroaurate (Gadamer and Stichel), 
i, 237. 

1-Phenyldihydroduorenone, 3 -hydroxy- 
(Jonescu), i, 1154. 

Phenyldi-indonylcarbinol (Radulescu 
and Georgescu), i, 1287. 

l-Phenyl-3:5-dHndylpyrazole (Oddo), 
.i, 297. 

Phenyl-2-diketohydrindenylmethyl- 
malonic acid, and its ethyl esters and 
lactones (Jonescu), i, 1154. 

H-Phenyl-£ -2-diketohydrindeny lprop - 
ionic acid (Jonescu), i, 1154. 

Phenyl-l:3-diketones, 0 -bydroxy-, action 
of ammonia on (Wittig), i, 279. 

1- Phenyl-3: 5 -diket opyrazolidines, nitro-, 
mtrophenylhydrazine derivatives of 
(van Alphen), i, 83. 

Phenyl jS :p-dimethoxystyryl ketone 
(Malkin and Robinson), i, 559. 

Phenyl 2:3- dime thoxy s ty r y 1 ketone, p- 
hydroxy-, and its sodium salt (Pfeif- 
fer, Armbruster, Baokes, and 
Oberlin), i, 270. 

2- Phenyl-6-dimethylaminO'4-methyl- 
quinoline, and its salts (John and 
WEBER), i, 1452. 

Phenyl ^-dimethylaminostyryl ketone, 
salts of (Pfeiffer), i, 410. 

1 -Phenyl-5:5-dimethy 1-3-isobutenyl- 
pyrazoline (v. Auwers and Kreiider), 
i, 1455. 

3- Phenyl-3 :5-dimethylcoiiniaran-2-one 
(LOWENBEIN, SlMONIS, IiANG, and 
Jacobus), i, 147. 

K-Phenyl-j8C-dimethyl-A<xi7-decadien-A‘- 

inene(RuPEandRiNBERKNSCHT),i,533. 

ic-Phenyl- dimethyl- deeatriene 
(Rup» and Rinberknecht), i, 533. 

*-PhenyI-$C-dimethyl-Aa-decene (Rupe 
and Rinberknecht), i, 533. 

a-Phenyl-j8f-dimethyl-Aa-decen-At- 

mea*0*ol (Rupe and Rinberknecht), 
i, 533. 

4- Phenyl-2:6-dimethyl-2:3-dihydro- 
pyridine-8:5-dicarboxylic acid, ethyl 
ester, ^-cyanide (Mumm), i, 925. 

1- Phenyl-3-dimethylene-4-methylpyr- 
azolone, and its hydrochloride (Ktis- 
TER), i, 923. 

iV-Phenyl-W' ;S'-dimethyl-2V r -ethyl-iJ/- 
thiocarbamide, and its salts (Lecher), 
i, 1391. 

2- Phenyl-4:5-dimethyIglyoxaline, and 

its picrate (Morgan and Hickjn- 
bc^itom), i,156, 

V^ayI-3:5-di(2-methylindyl)py ra z°l e 

p^Sisyiltfi-dimethylmethylenedi- 
h y d r to n ^ line, aha m-nitro-, and their 
derivatives (Mumm), i, 965. 


a- Phenyl-jS 0- dimethylpentan-a-ol, and 
its phenylurethane (Haller, Bauer, 
and Ram art), i, 261. 

a-Phenyl-&8-dimethyl-A-penten-a-ol, 
and its phenylurethane (Haller, 
Bauer, and Ramart), i, 261. 

l-Phenyl-3:5-dimethylpyrazole, _£>-nitro- 
(v. Auwers and Kreuder), i, 1455. 

5 -Phenyl- 1: 3-dime thylpyrazoline, and 
its picrate (v. Auwers and Kreuder), 

. i, 1455. 

3- Phenyl-l :2-dimethylpyrazolium 
iodide, 5-iodo- (y. Auwers and 

, Mauss), i, 1179. 

1- Phenyl-2:3-dimethyl*5-pyrazolones, 
mo?io- and df-chloro- (Chattaway 
and Strouts), i, 71. 

4- PhenyI-l :6 -dimethylpyridine- 3: 5-di- 
carboxylic acid, ethyl ester, metho- 
sulphate (Mumm), i, 964. 

l*Phenyl-2:5-dimethylpyrrole, ZA-di- 
iodo-, and 3:4-cftnitro- (Pieroni and 
Nocentini), i, 1097. 

1 -Phenyl-2 : 5-dimethylpyrrole-3-carb- 
oxylic acid, 4-iodo-, and its silver salt 
(Pieroni and Nocentini), i, 1097, 

2- Phenyl-4:8-dimethylqtiinoliiie, and its 
salts (John and Weber), i, 1452. 

Phenyldimethyltetrahydroindazoles, 
ana their jpwchlorates (v. Auwers, 
v. Sass, and Wittekinbt), i, 1182. 

2- Phenyl-6:6-dimethylthiopyranone 
(Arndt, Pusch, and Schwarz), i, 
1304. 

Fhenyldi-a-naphthylmethyl aeetate 
(Schoepfle), i, 811. 

Phenyldi-a-naphthylmethylamine 
(Schoepfle), i, 811. 

Phenyl 3:4-dioxymethylenestyryl 
ketone, 4-hydroxy-, glucoside (Bar- 
gellini and Leone), i, 1284. 

Phenvldiphenazineoxazine (Kehrmann 
and Benkr), i, 444. 

iY- Phenyl diphenylacetamide, n-nitro- 

(van Alphen), i, 83. 

3- Phenyl-5-diphenylmethyi-2-keto-2:3v 
dihydrofuro-3:4-diazole (van Alph- 
en), i, 81. 

Phenyldiphenylyl-a*naphthylcarbinol, 
additive compounds of (Dilthey), i, 
653. 

Phenyldiphenylyl-a-naphthylmethyl 
bromide and methyl ether (Dilthey), 
i, 653. 

Phenyldi- 0 -tolylmethane- 0 -carboxylic 
acid (Weiss and Korezyn), i, 560. 

Phenyldiveratroharmyrine methosulplx- 
ate (Armit and Robinson), i, 1172. 

o-Phenylenecarbamide, acetyl and 
benzoyl derivatives (Heller, Buch- 
walbt, Fuchs, Kleinioke, and 
Eloss), i, 1324, 
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Fhenylene- 2 -^'CMorophenyltriazolyleiie- 
gly collie acid, and its sodium salt 
(Oharrier, Gallotti, and Vitale), 
i, 307. 

.p-Phenylenediamine, electrolytic pre- 
paration of (Norris and Cummings), 
i, €68* 

oxidation of, by tlie action of hydrogen 
peroxide and formaldehyde 
(Latt), i, 1457. 

in tissues (v. Szent-Gyorgyi), i, 
93. 

Phenylenediamines, compounds of carbon 
suboxide with (van Alphen), i, 81. 

o- and m-Phenylenediamines, hydro- 
ferricyanides of (Cumming), i, 122. 

o-Phenylenediphenyldiglycollolactone, 
and its methyl ester (Weiss and Son- 
NENSCHEIN), i, 938. 

Phenyleneoxamide , salts and 0-benzoyl 
derivative of (Heller, Buohwaldt, 
Fuchs, Kleinicke, and Kloss), i, 
1324* 

Phenylene- 2 -phenyltriazolyleneglycol- 
lic acid, and its sodium salt (Char- 
rier, Gallotti, and Vitale), i, 
306. 

r-Phenylethanolmethylamine, o-t&hydr- 
oxy-, hydrochloride(Socifrrfi Chim ique 
des Usines du Rh6ne), i, 136. 

3-Phenylethoxymethyl-6-methylbenz- 
thiopyrone (Krollpfeiffer, 

Sohultze, Schlumbohm, and Som- 
metime yer), i, 1307. 

2- Phenyl-8-ethoxy-4-methylquinoline 3 
and its salts (John ana Weber), i, 
1452. 

j 8 • Phenylethylacetoacetic acid, ethyl 
ester (v. Auwers and Moller), i, 
404, 

7 - 0 -Phenylethyl)acetylacetone (v. 
Auwers and M6 ller), i, 404. 

£-Phenylethyl alcohol, synthesis of 
(Leonard), i, 913. 

Phenylethylamine, condensation of, with 
s-dichlorodimethyl ether (Short), i, 
387. 

Phenylethylamine, chloro-p-hydroxy-, 
and its hydrochloride (ZeynEk), i, 
920, 

0 -Phenyl- 7 -ethylamylene 07 -glycol 
(Roger), i, 660. 

Phenylethylbarhituric acid, dimethyl- 
amine salt (Hoffmann, La Roche & 
Co.), i, 300. 

5-0-Phenylethylharbituric acid (Dox), 
i, 301. 

3 - Phenyl-3-ethyl-4:5-benzocoumaran- 
2-one (LOwenbein, Simonis, Lang, 
and Jacobus), i, 148. 

0 -Phenylethylbenzoyl-^-ecgonine,aud 
its hydrochloride (Gray), i, 830. 


5 -Phenyl- 7 -ethylbutan- 7 -ol, 5-amino-, 
and its hydrochloride and benzoyl 
derivative (Thomas and Bettzieche), 
i, 250. 

Phenylethylcarbamio acid, 4-bromo-2:6- 
dmitro-, esters of (Kniphorst), i, 
906. 

a-Phenyl- 0 -ethylcarbamide, bromo-, and 
chloro- (Kniphorst), i, 906. 

2- 0-Phenylethylchromone, 3:7 -dihydr- 
oxy- (Robinson and Shinoda), i, 
1301. 

3- Phenyl-3-ethylcoumaran-2-one 
(Lowenbein, Simonis, Lang, and 
Jacobus), i, 148. 

Phenylethyldimethylamine, _p-amino- 
(Kindler), i, 387. 

2- 0-Phenylethyl-4:4-dimethylhomo- 
phthalimide (Haworth, Perkin, and 
Pink), i, 1168. 

Phenylethylene,cj 8 -^ithiocyano-(SdDER- 
baok), i, 899. 

5-j8-Phenylethyl-5«ethylbarbituric acid 
(Dox), i, 301, 

3 - Phenylethylethylmalonic acid, and 
its ethyl ester (Dox), i, 300. 

Phenylethylci/cZohexylamines, and their 
salts (Wieland and Dragendorff), 
i, 1089, 

Phenylethyl «-hexyl ketone (Thier- 
felder and Klenk), i, 193. 

W-0-Phenylethylhomophthalamic acid, 
and its methyl ester (Haworth, 
Perkin, and Pink), i, 1168. 

2- 0-Phenylethylhomophthalimida ( Ha- 
worth, Perkin, and Pink), i, 1168. 

3 - a-Phenylethylideneoxindole (Win- 

daus, Jensen, and Schramme), i, 
19. 

Phenylethylketazine (Mazourevitch), 
i, 1240. 

B-Phenylethyl ketone, o-hydroxy-, and 
its salts (Freudenberg, Fikent- 
scher, and Harder), i, 420. 

0 -Phenylethylmalonic acid, ethyl ester, 
and its amides (Dox), i, SOO. 

/ 8 -Phenylethylmethylamine (Kindler), 
i, 387. 

j 8 -Phenylethyl methyl ketone, m-hydr- 
oxy-, and its derivatives (Mjjrai), i, 
1158, 

a-Phenyl-jSjS-ethylnitrocarbamide 4- 
bromo-2:6*ifo*nitro-, chlorocfouitro-, and 
and 2:4:6-rfn-nitro- (Knip- 

. HORST), i, 906. 

a-Phenylethyloxindole (Windaus, Jen- 
sen, and Schramme), i, 19. 

€-Phenyl- 7 -ethylpentan- 7 -ol, 5-amino-, 
and its benzoyl derivative (Thomas 
and Bettzieche), i, 251. 

3-Phenyl-l-ethylpyrazole, and its picrate 
(v. Auwers and Schmidt), i, 586, 
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Phenylethylpyrazoles, chloro- (v. Au- 
wees and Mauks), i, 1179, 

0- Phenylethylpyridine, 2-j3-bromo -8-0- 
nitro-, hydrobromide (Rath and Leh- 
mann), v 432. 

a- Phenyl- a- ethy lsu ccinamic acid, ethyl 
ester (Farbwerke vorm. Meister, 
Lucius, & Pruning), i, 376. 

a-Phenyl-a-ethylsuceinimide (Farb- 
WERKE VORM. MEISTER, LUCIUS, & 

Bruning), i, 376. 

2- £-Pheuylethyl-l:2:3:4rteteahydrois0- 
quinoline, and its bydrochloride (Ha- 
worth, Perkin, and Pink), i, 1168. 

FhenylethyL£ithiocarbainic acid, salts of 
(Whitby and Matheson), i, 644. 

1- Fhenyl-4-e tliy I- l:2:3-triaz ole ( Ber- 
tho), i, 840. 

3- Phenylflavone, 7 -hydroxy-, and its 
acetyl derivative (Baker and Robin- 
son), i, 1299. 

5-Phenylfluoflavine (Kehrmann and 
Bener), i, 443. 

1 -Pkenylflnorenone, 3-hydroxy- (Jo- 
nescu), i, 1154. 

Phenylfluorone, ^-hydroxy-, and its 
acetyl derivative (Ggmberg and 
Snow), i, 660. 

9-Phenylfluorone, S-oip-t&hydroxy- (Sen 
and Sabkar), i, 813. 

Phenyl furfurylidenemethyl ketone, 

4-hydroxy-, glucoside (Bargellini 
and Leone), i, 1284. 

Phenylg'ermanonie acid (Morgan and 
Drew), i, 1197. 

/9-Phenylglutamic acid (Harington), i, 
1094. 

£-Phenylglutaric acid, ethyl ester 
(Speight, Stevenson, and Thorpe), 
i, 32. 

/8-Phenylglntaric acid, a-amino-, benz- 
oyl derivative, and a-oximino-, and 
its ethyl ester (Harington), i, 1094. 
a-mc?io- and aa'-dz-bromo-, and their 
esters, and a-bromo-a'-hydroxy-, 
ethyl ester, lactone (Haerdi and 
Thorpe), i, 924. 

Phenylglyoine, derivatives of (Wes- 
sely), i, 1152. 

Phenylglyoine, p- hydroxy-, synthesis of 
(Shimo), i, 1423. 

Phenylglycine-o- carboxylic acid, 4-iodo- 
(Kalb and Yogel), i, 161. 

Phenylglycol, potassium borate of (Her- 
mans), i, 501. 

A^Phenylglyeylglycine, and its ethyl 
ester (Wbssbly), i, 1152. 

Ar-Phenylglycyl-Ltyxosine, ethyl ester 

2- ISay%lyOT:aline, o-, m«, and - p- 
nitro-, and theip salts and 4-oarboxylic 
adds (Pyman and Stanley), i, 158. 


4(5) -Phenylglyoxaline, 2-bromo-, 5(4)- 
bromo- and its salts, and 2:5(2:4)-dU- 
bromo- (Forsyte and Pyman), i, 700. 

4(5 )-Phenylglyoxaline-5 (4)-carhoxylic 
acid, and 2-thiol-, ethyl esters (For- 
vSYth and Pyman), i, 700. 

8- Phenylglyoxime, a-hydroxy-, and its 
derivatives (Ponzio), i, 1075. 

Phenylglyoxylic acid, ^-bromo-, and its 
methyl ester, and p-nitro-, xylylhydr- 
azones of (Busch and v. Beust), i, 
400. 

£-Phenyl-A*r-heptadiene (Grignard 
and Dubien), i, 112. 

$-Phenylheptane-j85-diol ( Grignard and 
Dubien), i, 112. 

^-Phenyl- A^s^-keptatrien-a-al ( V or- 
lander, Fischer, and Kunze), i, 
1068. 

7 ) - Phenyl- A ^^-heptatrieny Imalonic acid 
(Yorlander, Fischer, and Kunze), 
i, 1069. 

j3-Phenyl- Ay-hepten-6-ol (Grignard and 
Dubien), i, 111. 

s-Phenylheptylhydrazine (Mazoure- 
vitch), i, 1247. 

a- and y-Phenylhexa-jSS-diones, and their 

copper salts (Morgan, Drew, and 
Porter), i, 368. 

9- Phenylhexahydrocarbazole, 11-nitro- 
10-hydroxy- (Linnell and Perkin), 
i, 63. 

6-Pheny lhexahydxo-1 :2 : 3 :4- tetr azine- 
l:2:3:4-tetracarhoxylic acid, ethyl 
eater (Ingold and Weaver), i, 581. 

o-Phenyl-y-hexanol, resolution and rota- 
tion of, and its salts and esters 
(Hbwitt and Kenyon), i, 914. 

s-PhenylcycZohexylhydrazine (Goodwin 
and Bailey), i, 843. 

Phenylhydantoins, p-bydroxy- (Ooghill 
and Johnson), i, 582. 

3-Phenylhydantoin-[A 5 :3']-oxindole 
(Hill and Henze), i, 306. 

5-Phenylhydrazidouracil (Levene), i, 
979. 

Phenylhydrazine, compounds of carbon 
suboxide with (van Alphen), i, 83. 
reaction of mercuric acetate with 
(Yecchiotti and Oapodacqua), i, 
1106. 

acetyl derivative, bromination of 
(Humphries and Evans), i, 1339. 

Phenylhydrazine, o-amino-, and its 
derivatives (Guha and Ray), i, 
1461. 

2:4-eftbrowo-, preparation of (Hum- 
phries and Evans), !, 1339. 
3:4-<&bromo- (Yoto6ek and Jib#}, i, 
317. 

o-nitro-, derivatives of (Guha and 
Ray), i, 1462. 
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3-Phenylhydrazino-5-phenyLsooxazole, 

4-amino- and 4-nitroso- (Ruggeri), 
i, 79. 

Phenylhy dr azones , behaviour of, when 
dissolved in organic solvents 
(Rastellt), i, 256. 

reduction of (Goodwin and Bailey), 
i, 843. 

action of chlorine on (Humphries, 
Humble, and Evans), i, 989. 
influence of constitution on formation 
of pyrazolines from (v. Auwers and 
Kreuder), i, 1456. 

Phenyl 2-hydr oxy-4: 6 - dimethoxys tyryl 
ketone (Pratt and Robinson), i, 825. 
Phenylhydroxyfurazan, and its deriv- 
atives (Gastaldi anaREPOSSi), i, 988. 
Phenylhydroxylamine, nitroso- {cup- 
ferron), salts of (Auger, Lafontaine, 
and Caspar), ii, 328. 

Phenyl 2*hy&r oxy-3 -me thoxystyryl ke- 
tone, and its potassium salt, and 
acetyl derivative (Pfeiffer, Arm- 
bruster, Backes, and Oberlin), 
i, 270. 

Phenyl 4-hydroxy-S-methoxystyryl ke- 
tone, 4-hydroxy-, glucoside (Bar- 
gellini. and Leone), i, 1283. 

7 -Phenyl-a-hydroxymethylene-A£- 
hutenoic acid, ethyl ester (v. Auwers 
and MSller), i, 404. 
7 -Phenyl-a-hydroxymethylenehutyric 
acid, ethyl ester (r. Auwers and 
Moller), i, 404. 

2- Phenyl-8-hydroxy-4-methylquinoline, 
and its salts (John and Weber), i, 
1452. 

Phenyl 2-hydroxy- 3-naphthyl ketone, 
and its potassium salt (Lesser, 
Kranlpuhl, and Sad), i, 1426.< 

3- Phenyl-5-p-hydroxyphenyl-4:5-di- 
hydro&ooxazole, and its derivatives 
(YorlInder and Sohoenema^n), i, 
269. 

Phenyl i3-cfthydroxyphenylethyl ketones, 
dthydroxy- (Chapman and Stephen), 
i, 669. 

l-Phenyl-5-o-hydroxyphenyl- 3-methyl- 
pyrazoline, p-nitro- (v. Auwers and 
Kreuder), i, 1455. 

3-Phenyl-5-^hydroxyphenyKs<?oxazole _ 

(Yorlander and Sohoenemann), i, 
269. 

l-Phenyl-2 :4: 6-^p-hydroxyphenyl- 
pyridininm bromide (Dilthey and 
Schaefer), i, 154. 

1-Phenylhydroxyquinoxalone (Kehr- 
mann end Bener), i, 444. 

Phenyl ^-hydroxystyryl ‘ketone, and p- 
hvdroxy-, and their derivatives 
(YorlXnder, Hiemesoh, Schoene- 
mann, Sohade, and Kunze), i, 267. 


Phenyl-6-hydroxy-m-tolylme thane. See 
3-Benzyl -p-cresol. 

Phenyl ^-hydroxyvinyl ketone, deriv- 
atives of (v. Auwers and Schmidt), 
i, 585. 

a-Phenyl-^-iminoethane. See £-Phenyl- 
acetaldimine. 

2-Phenylimino -1:2:3 :4*tetrahydro-l: 3i 4- 
benztriazine (Guha and Ray), i, 
1462. 

5-Phenylimino-2-thion-2:3:4;5-tetra- 
hydro-l:3:44hiodiazole, j>-bromo- and 
m-chloro-, and their derivatives (Guha 
and R1 y), i, 703. 

Phenylc^cZoiminotoluquinone, and 

bromo- and chloro-derivatives (Chat- 
taway and Parkes), i, 985. 
Phenylindandionyldi-indonylmethane 
( Radulescu and Georgescu ), i, 1287 . 
Phenylindandionylmethyl alcohol, and 
its derivatives (Radulescu and 
Georgescu), i, 1286. 

2-Phenylindazole, 5-chloro-, 5-chloro-3- 
cyano-, and 3-cyano-, 3-cyano-2-^?- 
chloro-, and their oxides (Heller and 
Spielmeyer), i, 838. 

2-Phenylindazole -3-carboxylic acid, and 
2-jp-chloro-, and 5-chloro- (Heller 
and Spielmeyer), i, 838. 
2-Phenylindole, 2-p-hydroxy- (Korc- 
zynski and Kierzek), i, 973, 1098. 
2-Phenyl-6-iodo-4-methylquinoline, and 
its salts (John and Weber), i, 
1452. 

s-Phenyl-5-iodO'O-tolylcarbamide (Hann 
and Berliner), i, 908. 

Phenylmercuric frinitrobenzoate (Khar- 
ASOH and Grafflin), i, 1107. 
Phenylmercury 2 : 4:6- trinitrophenyl 
(Kharasch and Graffltn), i, 1107. 
Bhenyl jp-methoxybenzyl ketone (Tif- 
feneau and Orekhov), i, 680. 

Phenyl p-methoxybenzyl diketone ( Mal- 
kin and Robinson), i, 559. 

2- Phenyl-3-p-methoxybenzylquinoxaline 

(Malkin and Robinson), i, 559. 
Phenyl a-methoxy-8-hydroxyvinyl ke- 
tone, and its copper salt (Malkin 
and Robinson), i, 827. 

3- Phenylmethoxymethyl-6-methylbenz- 

thiopyrone (Krollpfeiffer, Sohul- 
tze, Schlumbohm, and Sommer- 
meyer), i, 1307. 

2-Phenyl-8*methoxy-4-methylquinoline, 

and its salts (John and Weber), , i, 
1462. 

PhenyljS-methoxys'^ryl ketone (Malkin 
and Robinson), i, 559. 

Phenyl p-methoxystyryl ketone, p- 
hydroxy-, and its salts (Y orlandeb, 
Hiemesoh, Sohoenemann, Schade, 
and Kunze), i, 267. 
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Phenyl ^-methoxystyryl ketone, ^-hydr- 
oxy-, glucoside (Bargellini and 
Leone), i, 1283. 

3- Phenyl-5-methyl-3-allylcoumaran-2- 
one (LOwenbein, Simonis, Lang, 
and Jacobus), i, 148. 

4- Phenylmethylanimo-l-nietIiyl-2- 
methylene-l:2-dihydro quinoline (Fis- 
cher, DlEPOLDER,and WdLFEL), 1,438. 

4-Phenylmethylamino-2- methyl- 

quinoline, and its picrate (Fischer, 
Diepolder, and Wolfel), i, 439. 

l-Phenyl-2-methyrbenziminazole-5- 
carboxylic acid, 7-nitro- (Lindemann 
and Wessel), i, 1100. 
3-Pbenyl'3-metbyl-4:5-benzocoumaran- 

2-one (LSwenbein, Simonis, Lang, 
and Jacobus), i, 148. 

l-Phenyl-5-methylbenzthiazole, 4'- 
amino-, physiological action of 
(Hunter), i, 702. 

^erbromide (Hunter), i, 987. 

1- Phenyl-4 (or 6) -methyl-1 :2: 3-benz tri- 
azole, 7-nitro- (Brady, Hewetson, 
and Klein), i, 16. 

tt-Phenyl-ms-methylbinret (Biltz and 
Beck), i, 1393, 

w'-PhenyLoj-methylbinret, aj-nitroso- 
( Biltz and Beck), i, 1393. 
a-Phenyl-£-methylbutane, d-bromo- 
(Trotman), i, 382. 

a-Phenyl-d-methyl-Aa-buten-y-one, con- 
densation of aldehydes with (Ryan 
and Lennon), i, 1282. 

Phenyl y-methyl- A«-b atenyl ketone, and 
jo-amino-, and its hydrochloride 
(Thoms and Kahre), i, 789. 
a-Phenyl-£-methylbutyronitrile (Farb- 
WERKE VORM. MEISTER, LUCIUS, & 

Bruning), i, 376. 

Phenylmethylcarbincl, o-chloro- (v. 
Auwers, Lechnbr, and Bundes- 
mann), i, 266. 

3-Phenyl-2-methylconmaran (Claisbn 
and Tietze), i, 389, 
3-Phenyl-3-methylconniaran-2-one 
(Lowenbein, Simonis, Lang, and 
Jacobus), i, 147. 

3-Phenyl-4-methylconmarin, 7 -hydroxy - 
(Baker and Bobinson), i, 1300. 
Phenylmethyldipropargylammoninm 
bromide (v. Braun, Fussganger, and 
Euhn), i, 1401, 

Phenyl- jPy-iV-methyldiveratrozso- 
harmyrine, and its methiodide (Armit 
and Robinson), v 1172, 

l-Phenyl'3-mj?-mefchylenedioxyphenyl- 
&-methylpyraxole-4- carboxylic acid, 

- and its ethyl eater (Minunni, Laz- 
u 1176. • 

Pteyimetkylethylallylarsonium iodide 
pifeiNioty and Bbssaritsch), i, 496. 


3- Phenyl-5-methyl-3-ethylcoumaran-2- 
one (Lowenbein, Simonis, Lang, and 
Jacobus), i, 148. 

4- PhenyX-6-methyl-2-ethylpyridine-3:5- 
dicarboxylic acid, ethyl ester, and its 
derivatives (Mumm), i, 966. 

2- Phenyl-4-methyl-6-ethylqninoline, 
and its salts (John and Weber), i, 
1452. 

l-Phenyl-4-methylglyoxaline, 2-thiol- 
(Burtles, Pyman, and Roylance), 
i, 697. 

4-Phenyl-l-methylglyoxaline, 5-bromo-, 
and its picrate (Forsyth and Pyman), 
i, 700. 

£-PhenylmethylgIyoxime methyl ethers 
(Avogadko and Tavola), i, 1040, 

1- Phenyl-5-methyl-3-?i-hexylpyrazole-4- 
carhoxylic acid (Minunni, Laz- 
zarini, and D’Urso), i, 1176. 

3- Phenyl-l-methylhydantoylmethyl- 
amide, and 5-hydroxy- (Gatewood), 
i, 1188. 

Phenylmethylketenoxidea(STAUDiNGER, 
Dyckerhoff, Kleyer, and Buzicka), 
i, 934. 

2- Phenyl -4*methyl-£-naphthaquinoline 
(John and Noziczka), i, 1451. 

2- Phenyl-4-methyl-j3-naphthaqninoline, 
hydroxy-, and its salts and derivatives 
(John and Weber), i, 1452. 

3- Phenyl-2-methyl-^?i-naphthiminazole, 
4:9-d*ihydroxy-, and its diacetyl 
derivative (Fries and Billig), i, 939. 

3-Phenyl-2-methyl-Zm-naphthiminazole' 
4;9-quinone (Fries and Billig), i, 939, 

Phenylmethylnitroamine, trimtio- 
(< tetryl ), heat effusion of (Rinkenbach 
and Hall), ii, 207. 

«-Phenyl-#8-methylnitrocarbamide, 
2:4-tfinitro- (Kniphorst), i, 907. 

Phenylmethylnonylcaxbinol (Thoms and 
Ambrus), i, 790. 

Phenylmethylwooxazole, 0-alkyl ethers 
, of (Weygand and Frieling), i, 1288. 

l-Phenyl-2-methylperimidine, 7-hydr- 
oxy-, and its hydrochloride (Sander), 
i, 982. 

a-Phenyl-£-methylpropane, ‘ j3-bromo- 
(Trotman), i, 383. 

Phenylmethyl-7i-propylallylarsonium 
iodide (Steinkopf and Bessaritsch), 
i, 496. 

3-Phenyl-4-methylpyrazole, 5-chloro-, 
and its hydrochloride (v, Auwers 
and Mauss), i, 1179. 

Phenylmethylpyrazoles, and 4-bromo- 
(v. Auwers and Schmidt), i, 586. 

l-Phenyl-5-methylpyxazole-3:4-dicarh- 
oxylic acid, 1-p-amino-, and its acetyl 
derivative, and its ethyl ester (Bffoow 
and Baur), i, 1327. 
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5-Phenyl-l-methylpyrazoline hydro- 
bromide, 4-bromo- (v. Auwers and 
Ottens), i, 1429. 

Phenylmethylpyrazolines, and their de- 
rivatives (Freudenberg and Stoll), 
i, 70. 

l-Phenyl-3-methyl-5-pyrazolorLe, mono- 
artd 3z-chloro-, and their derivatives 
(Chattaway and Stbouts), i, 71. 

Phenylmethylpyrazol-5-ones(v. Auwers 
and Mauss), i, 1179. 

l-Fhenyl-3-methyl-5-pyrazolone-4-azo- 
benzene, 2':4'-dichloro- (Chattaway 
and Strouts), i, 72. 

l-Phenyl-3-methyl-5-pyrazolone-4-azo- 
chlorobenzenes, 1 -chloro- ( Chattaway 
and Strouts), i, 71. 

1- Phenyl-2-methylpyrrolidine, and its 
methiodide (Wolfe), i, 428. 

2- Phenyl-4-methylquinolines, substi- 

tuted (John and Hoziczka), i, 1451 ; 
(John and Weber), i, 1452. 

2-Phenyl-4-methylquinolinecarboxylic 
acids, and their salts and derivatives 
(John and Weber), i, 1452. 

Phenylmethylsulphone, derivatives of, 
and 3-nitro- (Twist and Smiles), i, 
895. 

Phenylmethylsulphone, i-mono- and 
2:5-ds-chloro- (Miller and Smiles), 
i, 392. 

Phenylmethyltetrahydroindazoles, and 
their perchlorates (v. Auwers, v. 
Sabs, and Wittekindt), i, 1182. 

Phenylmethyldzthioearbamic acid, salts 
of (Whitby and Matheson), i, 
644. 

4-Phenyl-6-methylthio-chroman-4-ol- 
and -chromene (Krollpebiefer, 
SCHULTZE, SOHLUMBOHM, and SOM- 
MERMEYER), i, 1307. 

1- Phenyl-4-methyl-l:2;3-triazole (Ber- 
tho), i, 840. 

Phenylnaphthafluorone,2':4'-d^'hydroxy- 
(Sbn and Sarear), i, 812. 

12-Phenyl-a3-naphthaphenazonium 
salts, 5:12-m-dzamino-, and their 
acetyl derivatiyes (Kshrmann and 
Listva), i, 1332. 

Phenylnaphthaphenfluorindines (Kehr- 
MANN and Sohedler), i, 442. * 

2- Phenyl-a/3-naphthatriazole, 4-hydr- 

oxy-2*£>-bromo-, and oxide, 2-^-bromo- 
and 2-j?-chloro- (Charrier, Crippa, 
TorA, and Bianohessi), i, 591, 

Phenylisonaphthophenazonium salts, 

and amino-, constitution and absorp- 

, tion spectra of (Kehrmann and San- 
noz), i, 983. 

Phenyl-3-naphthylamine-m-sulphonic 
acid (Aktien-Gesellsohaft fOr 
Anilih-Fabrikation), i, 591. 


a-Phenyl-$-naphthyl-?i-butane, and its 
oxidation products (Schroeter, yan 
Hulle, Gluscrxe, Stier, and Mul- 
ler), i, 125. 

Phenylnaphthylenedi amines (Levi), i, 
1186. 

jS-Phenyl-jS-l-naphthylethylamine, and 
its salts (Luca), i, 264. 

Phenyl a-naphthylmethyl ketone 
(Luce), i, 264. 

Phenyl- 1 '-naphthylphth alide-4:5'- 
dicarboxylic acid, and its anhydride 
(Lorriman), i, 672. 

Phenyl- l'-naphthy Iphthalide-4:4': 5'- 
tricarboxylic acid, and its anhydride 
(Lorriman), i, 673. 

Phenyl-a-naphthylpropylene (Luce), i, 
263. 

4- Phenyl-l :8-naphthyrid-2-one, sup- 

posed, constitution of (Seide), i, 437. 

Phenyl-2( 6*? ) -nitro- 6(21)-amino-m- 
tolylamine (Brady, Hewetson, and 
Klein), i, 16. . 

a-Phenyl-£-nitro carbamide, a-2:4-di- 

nitro- (Giua and PbtronioL i, 1396. 

a-Phenyl-p-nitro cinnamic acid, ethyl 
ester (Ranfaldi), i, 399. 

Phenyl o-nitrooinnamylidenemethyl 
ketone (Pfeiffer), i, 409. 

5- Phenyl-l-p-nitrophenyl-3-methyl- 
pyrazoline (v. Auwers and Kreu- 
der), i, 1455. 

2-Phenyl-4-o-nitrophenyl-5-methyl- 
l:2:3-triazole (Keber, Hartung, 
and Ruopp), i, 1073. 

Phenyl-4-nitropiaselenazonium chloride, 
and jp-hydroxy- (Battegay and 
VEohot), i, 1467. 

2-Phenyl- 5-oxazolidone, acetyl and 
benzoyl derivatiyes (Beegmann, 
Ensslin, and Zervas), i, 891. 

2-Phenyloxazolihe-4'Carboxylic acid, 
and its methyl ester and hydrochloride 
(Bergmann and Miekelky), i, 235. 

Phenylparaconic acid, o-bromo- 
(Fuson), i, 254. 

m- and ^?-bromo- (Fuson), i, 540. 

e-Phenyl-Afrs-pentadien-a-al (Vorlan- 
der, Fischer, and Kunze), i, 1068. 

€-Phenylpentadienylmalonic acid (Yor- 
lander, Fischer, and Kunze) , i, 1068. 

a-Phenyl-Aay-pentadi-inene, and its 
tetrabromides (Provost), i, 878. 

7-Phenylpenta-j8$-dione, and its copper 
salt (Morgan, Drew, and Porter), 
i, 364. 

a-Phenyl-y-pentanol, resolution and 
rotation of, and its salts and esters 
(Hewitt and Kenyon), i, 914. 

a-Phenyl-Av-pentenonitrile (Farb- 
werke vorm. Meister, Lucius, & 
Bruning), i, 376. 
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3-Phenyl-3-phenacyl-4:5-benzocou- 
maran*2-one (Lowenbein, Simonis, 
Lang, and Jacobtjs), i, 147. 

3- Phenyl-3-phenacyl-5-methyIcou- 
maran-2-one (LSwenbein, Simonis, 
Lang, and Jacobus), i, 147. 

9-Phenylphenanthraphenazonium 
chloride, ll:12-<fo’amino-, and its salts 
(Kehrmann and Stanot^ivitch), i, 
1332. 

iV-Phenylphenanthraphenfluorindine 
(Kehrmann and Schedler), i, 442. 

2-Phenylphenanthriminazole, and 2'- 
nitro- (Sircar and Ray), i, 980. 

2- Ph.enylphenanthroxazole, 2 / -hydroxy-> 
and 2'** and 3'-nitro- (Sircar and 
Ray), i, 980. 

Phenyl B-phenyl-a-^-anisylethyl ketone 
(Tiffeneau and Obukhov), i, 680. 

Phenyl 3-phenylhutyl ketone, and its 
oxime (Pfeiffer, Armbrubter, 
B acres, and Oberlin), i, 270. 

l-Phenyl-5-£-phenylethylbarbituric 
acid (Dox), i, 301. 

1- Phenyl-5-j3-phenylethyl-5-ethylbar- 
bitnric acid (Dox), i, 301. 

Phenyl /3-phenylethyl ketone dimethyl 
acetal (Straus and Ehrenstein), i, 
535. 

Phenyl-iYphenylnitron, o-hydroxy- 
(Bamberger), i, 142. 

Phenyl 7 -phenylpropyl ketone, and its 
semicarbazone (v. Auwers and 
MSller), i, 404. 

4- Phenyl- 1-o-phenylthiocaxbamido- 
phenylthiosemicarbazide (Guha and 
Ray), i, 1461. 

3- Phenylphenylthiolmethyl-6~methyl- 
henzthiopyrone (Krollpfeiffer, 
SoHULTZE, SCHLUMBOHM, and SOM- 
MEEMEYER), i, 1307. 

2- Phenyl-4-phthalimidomethylqninoline 
(John), i, 1317. 

Phenylpiaselenazonium chloride (Batte- 
gay and Y^chot), i, 1467. 

Phenylpiaselenazoninm-4-stiIplionic an- 
hydride, and ^-hydroxy- (Battegay 
and VjSchot), i, 1468. 

3 - Phenylw/cZopr op ane- 1 :2 -die arb oxylic 
acid, 1-bromo-, methyl esters (Haerdi 
and Thorpe), i, 924. 

Phenylpropiolaldehyde, derivatives of 

. (v. Auwers and Ottens), i, 1428. 

j 8 -Phenylpropionamide, jS-aiuino- (Sto- 
sius and Philippi), i, 918. 

2-Phenylpropionic acid, l-a-amino-3:4- 
dibjdxoxj-, detection of, in presence 
M tyrosine (Schmalfuss and W er- 

; . HER), i, 1E6L 

■ ^-Phenylp®o^,<m5jC add, a-bromo-, amide 
nitarile,and a-eyano-£- 2 : 4-^^hydr- 
Lapworth), i, 30. 


/8-Phenylpropionic acid, £-bromo-, con- 
version of, into j8-hydroxy-#-phenyl- 
propionamide, and its ammonium 
and diethyl ammonium salts (Sen- 
ter and Ward), i, 1128. 
2:6-c?ihydroxy- (Chapman and Ste- 
phen), i, 669. 

j 8 -Phenylpropionie acids, £- hydroxy-, 
conversion of, into j3-bromo*£-phenyl- 
propionic acids (Senter and Ward), 
i, 31. 

j 8 -Phenylpropionic anhydride (Robin- 
son and Shinoda), i, 1301. 

yS-Phenylpropionitrile, a-bromo- (Freud- 
enberg, Fikentscher, and Harder), 
l, 420. 

Phenylpropionylmandelic acids, ethyl 
and methyl esters (Freudenberg and 
Markert), i, 1275. 

a-Phenylpropylamine, salts of (Mazoure- 
vitch), i, 1240. 

JV-y-Phenylpropylaniline, and its hydro- 
chloride (Bamberger), i, 142. 

a-Phenyl-A^-propylene, £-cliloro-a-2:4- 
dinitro- (Neber, Hartung, and 
Ruopp), i, 1073. 

a-Phenylisopropylhydrazine, and its salts 
and derivatives (Goodwin and 
Bailey), i, 843. 

Phenyl isopropyl ketone, 2:4-dtfhydroxy- 
(Sharp & Dohme and Dohme), i, 
541. 

Phenylisopropylsemicarbazides, and their 
derivatives (Goodwin and Bailby), 
i, 843. 

a-Phenylis#propylsuceinanric acid, ethyl 
ester (Farbwerke vorm, Meister, 
Lucius, & Bruning), i, 376. 

a-Phenyl-a-wopropylsnccinimide (Farb- 
werke vorm. Meister, Lucius, & 
Brining), i, 376. 

1 - Phenyl-4- isopropyl-1 :2: 3- triazole ( Ber- 
tho), i, 840. 

2 - Phenyl- 1 -isopropylnrazole (Goodwin 
and Bailey), i, 843. 

S(5)-Phenylpyrazole, and its derivatives 
(v. Auwers and Schmidt), i, 585. 

8(5)-Phenylpyrazole, 4-bromo-, hydro- 
bromide (v. Auwers and Ottens), 
i, 1460. 

Phenylpyrazoles, chloro-, acetyl, benzoyl, 
and nitrobenzoyl derivatives of (v. 
Auwers and Mauss), i, 1180. 

3 -Ph enylpyr azole- 1-carboxylamide, and 
4-bromo- (v. Auwers and Ottens), 
i, 1460. 

5-Phenylpyrazole- 1-carboxylamide (v. 
Auwers and Ottens), i, 1460. 

3- Phenylpyrazoline, derivatives of 

(Freudenberg and, Stoll), i, 70.: , 

l-Phenylpyridinium iodide, 3-bromo- and 
3-iodo- (Baumgarten), i, 1381. 
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1 -Phenylpyridinium salts, and 1 -amino-, 
4-ehloro-, and 1-nitro- (Yorlander), 
i, 1256. 

l-Phenyl-4-pyridone, and 1-p-amino-, -p- 
ehloro-, -jp-hydroxy-, and -j?-nitro- 
and their salts (Yorlander), i, 
1257. 

1-Phenylpyrrole, compounds of, with 
mercuric chloride (Plancher and 
Rossi), i, 601. 

1-Phenylpyrrole, c&bromo- (Planoher 
and Rossi), i, 601. 

1- Phenyl*5-pyrrolidone-4-carboxylic acid 
(KUster and Grassner), i, 922. 

4-Phenyl-2-pyrrolidone-5-carboxylic 
acid, and 4'-amino-, 3 / :5 / -c2uodo-4 / - 
amino-, and 4'-nitro- 

(Harington), i, 1094. 

Phenylpyruvic acid, and its ethyl ester, 
p-tolylhydrazones (Walker), i, 1193. 

Phenylpyruvic acid, 2-nitro-4-oyano-, 
ethyl ester (Khrmack). i, 67. 

2- Phenyl-4-quinazolone, 3-amino-, and 
its derivatives (Heller, Goring, 
Kloss, and Kohler), i, 1322. 

2-Phenylquinoline-4-aldehyde 3 and its 
phenylhydrazone, preparation of 
(Chem. Fabrik auf Aktien, . vorm. . 
E. Schering), i, 1452. 

2-Phenylquinoline-4-carboxyIic acid, 
bismuth salts (Riedel), i, 1170. 

Phenyl- 8 -quinolylamine -p- c arb oxylic 
acid, o-nitro- (Seka), i, 587. 

s-Phenyl-8-quinolylcarbamide (Seka), 
i, 587. ' 

2-Phenyl-4-quinolyl 5-methylaminobutyl 
ketone, and its dihydrochloride (Ru- 
zicka, Seidel, and Liebl), i, 290. 

2- Phenyl-4-quinolyl 3-Y-methyl-2-piper- 
idonyl ketone, and its picrate (Ru- 
zicKa, Seidel, and Liebl), i, 290. 

3- PhenyIquinoxaline, . 3-o-hydroxy- 

( Fries and Saftien), i, 570. 

3- Phenylrhodanylidene-A 5:S '-oxindoles 
(Hann), i, 987. 

Phenylselenoglycollic acid, andp-bromo-, 
and their salts (Morgan and Porritt), 
i, 1196. 

Phenylselenoxyglycollic acid, p-bromo-, 
and its salts (Morgan and Porritt), 
i, 1196. 

Phenylsemicarbazide, action of, on 
acetylacetone ( W heeler and Brooks), 
i, 1459. 

2-Phenylsemicarbazide (Goodwin and 
Bailee), i, 318. 

4- Phenylsemicarbazide, 2':4'-dmitra-, 
and its semicarbazoues (Kniphorst), 
i, 907. 

Phenylstibinic acid, j?-amino-, sodium 
salt, glucoside of (Wellcome Found- 
ation, Ltd., and Gray), i, 991. 


Phenylstilbazonium salts, 3-chloro- 
(Kehbmann and Falke), i, 303. 

2-Phenyl-4-styrylbenzopyrylium chlor- 
ide, 4:5:7 -tfnhydroxy- (Walker and 
Heilbron), i, 693. 

Phenyl styryl ketone ( bmzylideneaceto - 
phenone), 4-hydroxy-, glucoside (Bar- 
gellini and Leone), i, 1283. 

Phenyl styryl ketones, isomeric (Dil- 
they and Radmacher), i, 408. 

Phenylsuccinic acid, ^7-hydroxy- 
(Chrzaszczewska), i, 956. 

Phenylsulphur chloride, 2:5-&*chloro- 
(Miller and Smiles), i, 392. 

9-Phenyltetrahydroearbazole, and 5(?)- 
nitro- (Linnell and Perkin), i, 63. 

9-Phenyl-l :2 : 3:4-tetrahydrocarbazole- 
8-carboxylic acid, 2 / -amino- (Linnell 
and Perkin), i, 63. 

4-Phenyltetrahydro-l:4-oxazine, and a 
green colouring matter therefrom 
(Adkins and Simington), i, 986. 

2-Phenyl-4:5 ;6: 8-tetramethylquinoline ? 
and its salts (John and Weber), i, 
1452. 

2-Phenyl-l:2:3:4-tetrazole, 5-amino-, 
and its derivatives {Stolte and 
Orth), i, 1464. 

2- Phenyl-l:2:3:4-tetrazole-5-carboxylic 
hydrazide, and its derivatives (Stolte 
and Orth), i, 1464. 

Phenylthiarsane, and its salts (Job, 
Reich, and Yergnaud), i, 173. 

4-Phenylthiazole, 2-amino-, and its 
derivatives (Bogert and Chertcoff), 
i, 315. . 

4- Phenyl-l-thiazole*5*carboxylic acid, 
2-amino-, ethyl ester (Hirst, Mac- 
beth, and Traill), i, 1251, 

Phenyl-a-thienylmethylcarbamide (v. 
Braun, Fussganger, and Kuhn), i, 
1403. 

Phenylthiocarbamide, condensation of 
diethylaraine with (Hunter), i, 805. 

a-Phenylthiodi-p-anisylacetic acid, and 
its barium salt (Bistrzvcei and Risi) , 
i, 1426. 

5 - Phenyl- 1:3:4- thiodiazine, 2-amino-, 
and its derivatives (Bose), i, 167. 

3- Phenyl-2-thiohydantoin-[A 5:2 ']-t//-ind- 
oxyl (Hill and Henze), i, 306. 

3-Phenyl-2-thiohydantoin-[A 5:3 ']-oxind- 
ole (Hill and Henze), i, 306. 

d-Phenylthiol-7i-butyric acid (Kroll- 
PFEIFFER, SCHULTZE, SOHLUMBOHM, 

and Sommermeyer), i, 1305. 

Phenylthiolcarbamie acid, benzyl and 
jo-tolyl esters (Gilman and King), i, 
811. 

jS'-Phenylthioldiethyl ether, j3-chloro- 
(Orbtcher, Kooh, and Pittenger), 
i, 628. 
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a-Phenylthioldiphenylacetic acid, and 
its salts and acid chloride (Bjstrzyoxi 
and Risi), i, 1426. 

3- Phenyl thiolhydantoin, 3-p-nitro- 
(Coghill and Johnson), i, 582. 

£-Phenylthiolpropionic acid, £-p-bromo- 
(Arndt), i, 1309. 

j 8 -j 0 -chloro- (Krollpfeiffee, 

Sohultze, Schlumbobm, and Som- 
MERMEYER), 1, 1305. 

Phenylthiophens , amino-, iodo-, and 
nitro- (Chrzaszczewska), i, 956. 

FhenyltMophosphordihydrazide, di- 
benzyl idene derivative (Autbnrieth 
and Meyer), i, 990, 

4- Phenylthiosemicarbazide, bromo- and 
chloro- (Guha apd RAy), i, 703. 

Phenylthiosemicarb&zides, action of 
benzoyl chloride on (Fromm and 
Truka), i, 703. 

Phenyl-p-tolyl-4-acenaphthylmethane 
(Loeriman), i, 673. 

Pbenyl-jP-tolyl-4'-acenaphthylmethane- 
2-carboxylic acid, and its methyl 
ester (Lorriman), i, 673. 

Phenyl-p-tolyl acetic acid, benzyl ester 
(Ramart and Amagat), i, 659. 

5- Phenyl-3-o-tolyl~l-jz?-anisyl-2-j> 
chlorophenyl-l:2:3:6-tetrahydro- 
l:3:4-triazine (Busch, Frieden- 
berger, and Tischbein), i, 41. 

5-Phenyl-3-0-tolyl-l-j?-anisyl-2-^-di- 
methylaminophenyM :2 : 3 :6- tetra- 
hydro- l:3;4-triazine (Busch, Frie- 
denberger, and Tischbein), i, 41. 

5-Phenyl-3-o-tolyl-l-j0-anisyl-2-methyl- 
l:2:3:6-tetrahydro- l:3:4-triazine 
(Busch, Friedenbbrger, and Tisoh- 
bein), i, 41. 

5-Phenyl-3-0-tolyl-l-jp-anisyl-l:2:3:6- 
tetrahydro-l:3:4-triazine (Busch, 
Fbiebenberger, and Tischbein), i, 41. 

Phenyl -p-tolylbenzylacetic acid, and its 
benzyl ester (Ramart and Amagat), 
i, 659. 

5 -Phenyl- 1 -tolyl-3 4&rt. -bnty Ipyrazol - 
ines (r. Auwers and Kreuder), i, 
1455, 


Phenyltolylcarbamides, dmitro- (Knip- 
horst), i, 907. 

5-Phenyl-3-o-tolyl-l:2-di-^-anisyl- 
l:2:3:6-tetrahydro-l:3:4-triazine 
(Busch, Friedenbbrger, and Tisch- 
bein),!, 41. 

H-Phenyl-B-p-tolylethyl alcohol (Ram- 
art and Amagat), i, 659. 

Phei 3 y|-f-t(dylfnrBiainidines, i^-hydr- 
their derivatives (Farrow 
4155 , , 



1- Phenyl-3-^-tolyl-5-methylpyrazole-4- 
carboxylie acid, and its ethyl ester 
(Minunni, Lazzarini, and D’Urso), 
i, 1176. 

5-Phenyltolylmethylpyrazolines, and 
o-chloro- (v. Auwers and Kreuder), 
i, 1455. 

Phenyl-p-tolyl-a-naphthylmethane 
(Dilthey), i, 652. 

Phenyl-^-tolyl-a-naphthylmethyl bro- 
mide, chloride, and methyl ether 
(Dilthey), i, 652. 

Phenyl-N-p-tolylnitron, o-hydroxy- 
(Bambergee), i, 142. 

2- Phenyl-3-p-tolyloxazolidine, 2-p- 
bromo- (Dains, Brewster, Malm, 
Miller, Maneval, and Sultza- 
berger), i, 1064. 

aa-Phenyl-p-toiylpropionic acid, and its 
benzyl ester (Ramart and Amagat), 
i, 659. 

4-Phenyl-l -p-tolyl-l;2: 3-triazole, 
5-chloro- and 5-hydroxy- (Carnelley 
and Butt), i, 166. 

Phenyltriazoles (Elbs), i, 163. 

wc.-2-Phenyltriazolephthalonic acid , 
and its derivatives, true nature of sup- 
posed (Charrier), i, 76. 

l-Phenyl-3 :4: 5-trimethylpyrazole, 
^j-nitro- (v. Auwers and Keeuder), 
i, 1454. 

1- Phenyl-S:5: 5-trimethylpyrazoline, 
j^-nitro- (v. Auwers and Keeuder), 
i, 1454. 

2- Phenyl-4: 5 : 8 -trimethylquinoline, and 
its Balts (John and Weber), i, 
1452. 

9-PhenyM:3:7-trimethyluric acid, 
action of alkalis on (Gatewood), i, 
1188. 

Phenyltriphenazineoxazine, and its de- 
rivatives (Kehrmann and Schedler), 
i, 444. 

i^-Phenyltriphenazineoxazine, and its 
derivatives (Kehrmann and Schedl- 
er), i, 444. 

/S-Phenyl-A£-undecene (Thoms and Am- 
brus), i, 790. 

3- a)-Phenylvinyl-2-methylindole, 
a-cyano- (Sera), i, 67. 

Phenylxanthene, p-hydroxy* (Gomberg 
and Snow), i, 660. 

Phenylxylylformazylcarhoxylic aeid, and 
^-bromo-, and jo-nitro-, methyl esters 
(Busch and v. Beust), i, 400. 

Phenylxylyl-a-naphthylmethyl chlorides 
and methyl ether (Dilthey), i, 
652. 

Phloridzin, clinical experiments with 
(Dunner and Mecklenburg), i, 
1500. 

action of, on blood (Ets), i, 734, 
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Phloroacetophenone, derivative* of 
(Sonn and BOlow), i, 1268. 
Phloroacetopheaone-o-carboxylic acid, 
methyl ester (Sonn and Bulow), 
i, 1268. 

Phloroacetophenone-o-dicarboxylic acid, 
dimethyl ester (Sonn and Bulow), 
i, 1268. 

P hlor o acetophenonet ricarh oxy lie acid, 
trimethyl ester (Sonn and Bulow), 
i, 1268. 

Phloroglucinol, tautoraerism of deriv- 
atives of (Sonn and Bulow), i, 
1267. 

woPhonopyrrolecarhoxylic acid, syn- 
thesis of (Eischer and Nenitzesou), 

i, 836, 

Phonnidivm laminoswm, enzymes of 
(Harvey), i, 746. 

Phosgene. See Carbonyl chloride. . 
Phosphatase in the liver (Brugsch and 
Horsters), i, 483. 

Phosphates. See under Phosphorus. 
Phosphatese in the liver (Brugsch and 
Horsters), i, 483. 

Phosphatides, formation of choline from 
(Abderhalden and Paffrath), 

i, 1016. 

of brain, preparation of (Thierfelder 
and Klenk), i, 997. 
of plants (Grafe ; Grafe and Hor- 
vat), i, 1622. 

Phosphine. See Phosphorus Anhydride. 
Phosphinic acids, hydroxy-, aliphatic 
(Bernton), i, 646. 

Phosphinoacetic acid, and its salts and 
derivatives (NylUn), i, 1135, 
Phosphinoformic acid, salts and deriv- 
atives of (Hyl6n) ? i, 1136. 
a-Phosphinopropionic acid, and its salts 
(HYLtfN), i, 1136, 

Phosphoninm compounds, effect of, on 
the nervous system {Hunt and Ren- 
shaw), i, 861. 

Phosphors, luminescence of, under mag- 
netic and electric fields (Rupp), ii, 
13. 

alkaline earth, rare earths in (Toma- 
schek), ii, 354. 

of boric acid (Mickwitz), ii, 476, 
Phosphorescence, excitation of (Rupp), 

ii, 262. 

Phosphorescent compounds, economy 
coefficients of (Sohhiedbr), ii* 931. 
Phosphoric acid. See under Phosphorus. 
Phosphorus, spectra of (Saltmarsh), 

ii, 724. 

spectral frequencies of (Holweck), ii, 
336, 

arc spectrum of (Huffenba.ce and 
Huthsteiner), ii, 452 ; (Sue), ii 
1014, 


Phosphorus, spectrum of electrodeless 
discharge in vapour of (Shaver), 
ii, 471. 

Rontgen ray spectrum of (Lundquist), 
ii, 1014. 

series spectra of (Bowen and Mil- 
likan), ii, 342, 610. 
luminescence of (EmeliSus and 
Downey), ii, 89 ; (EhelUus), ii, 
354. 

critical potential of (Holweck), ii, 
729. 

action of, on nickel nitrate (Schmoss), 
ii, 889. 

effect of, on lipins and fats in the 
liver (Sacchbtto), i, 1357. 
in blood of children (Anderson), i, 
188. 

metabolism. See Metabolism, 
black, Rontgen ray structure of (Linck 
and Jung), ii, 1035. 
red, action of, on carbon disulphide 
solutions of (Traxler and Ger- 
mann), ii, 1087. 

white, doubly-refractivc (Yorlander, 
Selke, and Kreiss), ii, 1086. 
yellow, effect of, on bone formation 
(Bernhardt and Rabl), i, 1357. 

Phosphorus compounds, K absorption 
spectra of (Stelling), ii, 935. 
in milk (Kay), i, 998. 
effect of heat on solubility of, in milk 
(Bell), i, 998. 

fixation of, in bones (Trlfer), i, 
859. 

determination of, in blood, and their 
distribution (Stanford and 
Wheatley), i, 1200. 

Phosphorus tfnbromide and iniodide, 
preparation of (Reksuhinski), ii, 
994. 

inchloride, hydrolysis of (Mitchell), 
ii, 316. 

chlorides, action of ammonia on (Per- 
pj6rot), ii, 1186. 

oxychloride, electrolysis in, and its 
physical constants (Cady and 
Taft), ii, 1073. 

influence of, on the catalytic reduc- 
tion of acid chlorides (Zetzsghe 
and Abnd), x, 1415, 
irihydride (phosphine), spectrum of 
the combustion of (Emel&us), ii, 
740. 

iniodide, preparation of sulphide 
compounds of (Karantassib), ii, 
998. 

nitride, nitrification of (Allison), i, 
218. 

inoxide, preparation of, and spectrum 
of its combustion (Emelbus), ii, 
740. 
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Phosphorus pentoxide, vapour pressure 
of (Smits and Rutgers), ii, 
268. 

purification of (Whitaker), ii, 
1196. 

drying tube for (Dennis), ii, 428. 

Phosphorous acid and its derivatives, 
constitution and K absorption 
spectra of (Stealing), ii, 936. 

_ Phosphoric acid, constitution of 
(Fr5sohl), ii, 19. 
esterification of, by yeast (Gott- 
schalk and Neuberg), i, 337. 
formation of, in muscle (Lange and 
Mayer), i, 729. 

esters, synthesis of (Komatsu and 
Nodztj), i, 515. 
detection of (Fbigl), ii, 435, 
determination of (McC and less and 
Burton), ii, 157 ; (Jorgensen), 
ii, 824. 

determination of, electrometrically, 
with alkalis (Hoffman and 
Gortner), ii, 1011. 
determination of, by the magnesium 
ammonium phosphate method 
(L. and J. Deshusses), ii, 67. 
use of phenolphthalein as indicator 
for determination of (Nyssens), 
ii, 1201. 

determination of, in vegetable ash 
(L. and J. Deshusses), ii, 67. 
separation of, in analysis, by means 
of bismuth, nitrate (Keschan), 
ii, 328. 

separation of, from metals of the 
group (JXrvinen), ii, 602. 

Phosphoric acids, absorption of ethyl- 
ene by (Muller), i, 1373. 

Phosphates, absorption spectra of 
beads of (Schaum and Funok), 
ii, 178. 

absorption of, by Pasteur- Chamber- 
lain filters (Parker), i, 1372. 
action of sodium carbonate on 
(Colani), ii, 1001. 

. effect of adrenaline and phloridzin 
on excretion of (Allan, Dickson, 
and Markowitz), i, 726. 
removal of, in qualitative analysis 
(Curtman, Margulies, and 
Pleohner), ii, 68. 
determination of (Le Guyon and 
May), ii, 1202. 

, ; determination of, in blood (Mc- 
Oluskey), i, 605. 

determination of calcium and, in 
bone (v; Euler and Johansson), 

^ in presence .of 
; {Sohmitt-Krah- 
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SUBJECTS. 


Phosphorus 

Phosphates, determination of, in serum 
(Essingbr and Gy6rgy), i, 178. 
Orthophosphoxic acid, solubility and 
freezing point curves of (Ross and 
Jones), ii, 971. 

Orthophosphates, detection of meta- 
phosphates, pyrophosphates, and 
(de Boer), ii, 67. , 
Hexametaphosphates, preparation of 
(Pascal), ii, 420. 

Phosphorus organic compounds (Ny- 
l6n), i, 1134. 

Phosphites, neutral, preparation of 
(Janczak), i, 1051. 
Thiophosphorous acid, aryl derivatives 
of (Autenrieth and Meyer), i, 
807. 

Thiophosphoryl chloride, aryl deriv- 
atives of (Autenrieth and Meyer), 
i, 807. 

Phosphorus determination : — 
determination of (Richards and 
Godden), ii, 66 ; (Stewart and 
Archibald), ii, 824. 
effect of ammonium sulphate on the 
determination of, colorimetrically 
(Rimington), i, 183. 
determination of, by means of lead 
amalgam (Someya), ii, 1201. 
determination of, in blood (Myrbacx), 

i, 1485. 

lipoid, determination of, in blood and 
plasma (Whitehorn), i, 95. 
determination of, in proteins (Sor- 
ensen), ii, 900. 

determination of, in presence of 
vanadium (Gray and Garbutt), ii, 
600. 

Photooatalysis with neutral salts 
(Berger), ii, 313. 

Photochemical equivalence, law of 
(Berthelot), ii, 1022 ; (Allmand), 

ii, 1074; (Dear and . Mukerji ; 
"Weigert and Brodmann), ii, 
1075. 

reactions (Dhar and Mukejrji), ii, 
1079. 

Becquerel effect in (Schaum and 
Schleussner), ii, 985. 
importance of water and of intensity 
of light in (Chapman), ii, 1078. 
temperature-coefficients of (Dhar), 
ii, 135 ; (Padoa), ii, 415. 
and thermal reactions (Dhar and 
Mukerji), ii, 809, 
mechanism of (Bodenstein), ii, 
1075. 

elementary processes of (Franck), 
:• ii, 1077.- 

quantum sensitivity in (Winther), 
ii, 1074. 
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Photochemical reactions, relation be- 
tween velocity of, and dielectric 
constants (Winther), ii, 1082. 
formation of polar compounds in 
(Novas), ii, 1081. 
sensitisation (Berthoud), ii, 1083. 
studies (Reychler), ii, 219, 1180; 
(Noyes), ii, 573. 

thresholds and the dissociation theory 
(Bowen), ii, 1074, 

Photochemistry, technique of (Reeve), 
ii, 234; (Franklin, M addison, and 
Reeve), ii, 809. 

quantum laws in (Warburg), ii, 984. 
periodic reactions in (Plotnikov), ii, 
883. 

of complex compounds (Schwarz and 
Weiss), ii, 576. 

Photo-electric absorption coefficient 
(Milne), ii, 920. 

activity of elements (Hamer), ii, 7. 
effect (Audubert), ii, 43. 
influence of temperature on (Niel- 
sen), ii, 172. 

on metallic films (Gross), ii, 344. 
Photo-electrons, direction of emission of 
(Auger), ii, 730. 

Photographic blackening with Rontgen 
rays (Busse), ii, 1080. 
developers (Horii and Komori), i, 
1410. 

fluorescence of (A. and L. LumiAre 
and Seyewetz), i, 1060. 
blackening curve for (Meidinger), 
ii, 143. . 

emulsions, ripening of (Scjimidt), ii, 
810; (Luppo-Cramer), ii, 810, 
986. 

films, Rontgen ray measurements of 
(Blunok and Koch), ii, 940 ; 
(Koch and Vogler), ii, 941. 
image, latent (Audubert), ii, 58 ; 
(Toy), ii, 143. 

history and theory of (Lfippo- 
Crambr), ii, 575, 811. 
plates, blackening of (Robertson and 
Thwaites), ii, 575. 
effect of coating, with fluorescent 
J oils (Harrison), ii, 930. 
solarisation of (Eder), ii, 986. 
for detection of mass rays (Aston), 
ii, 706. 

reversal (Arens), ii, 313. 
Photography, gelatin in (Sheppard), 
ii, 966. - 

silver in (Luppo-Cramer), ii, 935. 
silver ; bromide grain in (Baker ; 
Luppo-Cramer), ii, 574. 

Photolysis, mechanism of (Baur), ii, 
1082. 

. Photometer, rotatory dispersion (Gibson), 
ii, 934. 


Photometric studies (Schaum and 
Funck), ii, 178. 

Photosensitisation (Taylor), ii, 1078. 
Photosynthesis (MAzfe), i, 485. 
in tropical sunlight (Dhak and San- 
yal), ii, 884, 

activity of various radiations in 
(Wurmser), ii, 1082. 

Phototropism in solution (Singh), ii/195. 
Phtanites, hydrocarbons and carbonates 
in (de Lap parent), ii, 821. 
Phthalaldehyde 1-oxime, derivatives of 
(Griffiths and Ingold), i, 1190, 
o-Phthalaldehydic acid, refraetivity of 
(Seekles), i, 31. 

Phthaiamic acids, preparation of, and 
their conversion into anthranilic acids 
(Chapman and Stephen), i, 1151. 
Phthalazine, 4-chloro-l-hydroxy-, and 
l:4-c£ithio- (Radulescu and Georg - 
escu), i, 1186. 

Phthaleins, excretion of, in bile (Rosen- 
thal and White), i, 101. 
Phthalhydrazide, and its acetyl deriv- 
atives (Radulescu andGEORGEscu), 
i, 1185. 

derivatives of (Heller, Buchwaldt, 
Fuchs, Kleinioke, and Kloss), 
i, 1324. 

Phthalic acid, salts, instability of, with 
hydrogen electrodes (Draves and 
Tartar), ii, 695. 

camphoryl hydrogen esters (Forster 
and Shukla), i, 1161, 
hydroxylamine salt (Oesper and 
Ballard), i, 1233. 

ethyl ester, detection of (Leffmann 
and Trumper; Levinson; 
Thoms), ii, 1008. 

detection of, in ethyl alcohol (Ra- 
leigh and Marie), ii, 605. 
determination of (Handy and 
Hoyt), ii, 1210. 

determination of, oxidimetrically 
(Taufel and Wagner), ii, 1008. 
Phthalic acid, 3-nitro-, preparation of 
(Littmann), i, 1066. 
esters of, and their solubilities 
(Nicolet and Sacks), i, 1277. 
Phthalic anhydride, 3-nitro-, as a re- 
agent for identification of (Nigolet 
and Sacks), i, 1277. 

Phthalidylidene&i-4-[salieylic phthali- 
dylidene ether ester] dithioether 
(Kaufmann and Rossbaoh), i, 1273. 
Phthalimide, mercury derivatives of 
' (Lyons), i, 645. 

^'-Phthalinudodiethyl ether, 0-chloro- 
(Cretcher, Koch, and Pittenger), 
i, 628. 

Phthalobenzylamic acid (Holmes and 
Ingold), i, 1142 
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Phthalonitrile, action of magnesium 
organic compounds on (Weiss and 
Freund), i, 139. 

Phthalophenone derivatives, structure 
of (Dominikiewicz), i, 53. 
Phthalylglycylglycine, ethyl ester (Gra- 
nacher), i, 594. 

Phthalyl-jo-tolil, nitration of (Brady, 
Quick, and Welling), i, 1400. 
Phycocyanine (Kitasato), i, 1111. 
Phycoerythrin (Kitasato), i, 1111. 
Phylloerythrin (Fischer and Hilmer), 
i, 855. 

Physics, molecular (Las a rev), ii, 
1134. 

Physical chemistry, apparatus for 
(Scarpa), ii, 150. 
influence of Willard Gibbs on 
(Connan), ii, 395. 

constants in relation to metastability 
of matter (Cohen), ii, 1138. 
Physiological action and chemical con- 
stitution (Gilman and Pickens), 

i, 333 ; (Dubin, Corbitt, and 
Freedman), i, 1502. 

fluids, dextrose in (Lundsgaard and 
Holboll), i, 1207. 
electrometric analysis of (Mislq wit- 
zer and Yogt), i, 1485. 
Physostigmine. See Eserine. 

Phytic acid, and its barium salt (Con- 
tardi), i, 277. 

Phytosterols (Yesterberg and Borge), 
i, 252. 

Phytosterols, irradiated, antirachitic 
value of (Hess, Weinstock, and 
Belman), i, 750 ; (Hess and Wein- 
stook), i, 1020. 

Piaselenazonium salts (Battegay and 
YRohot), i, 1466. 

a-Picoline, 6-amino-, derivatives of 
(Meyer), i, 836. 

y-Picoline chlorostannate (Drtjce), i, 
1096. 

Picolinic acid, derivatives of (Meyer), 
i, 836. 

Picric acid, conductivity of, in methyl 
alcohol (Goldschmidt and Aar- 
plot), ii, 976. 

heat of fusion of (Rinkenbaoh and 
Hall), ii, 207. 

reduction of, in organs of the body 
(Giorgi), i, 733. 

detection of, colorimetrically (Torti), 

ii, 905. 

determination of, in presence of nitro- 
compounds (Desvergnes), ii, 607. 
Pierohmie acid, preparation and pro- 
Iparties of (Hugounenq, Florence, 
^dGouruRB), i, 435. 

PicroAttxm, constitution of (Bakunin 
md GioRDANi), i, 69L 


Picrylbenzs^ialdoxime (Brady and 
Klein), i, 674. 

Picrylcinnam&^mldoxime (Brady and 
Klein), i, 674. 

Picryl-p- dimethylaminobenz$ 2 /waldox- 
ime (Brady and Klein), i, 674. 
Pieryl-2:3-dimethylindole (Korczy^ski 
and Kierzek), i, 1097. 
iY-Picryldi-^-propylcarbamide (Lech- 
er), i, 1391. 

Picrylmethozybenzsy?ialdozimes 
(Brady and Klein), i, 674, 
Picryl-3:4-methylenedioxybenz5t/?iald- 
oxime ( Brady and Klein), i, 674. 
Picryl -2 -me thylindole (Korozynski and 
Kierzek), i, 1097. 

Picrylmtrobenzsyftaldoxrmes (Brady 
and Klein), i, 674. 

Picryl-4-picryloxy-3-methoxybenzs?m- 
aldoxime (Brady and Klein), i, 674. 
Picrylsemicarbazide (Giua and Pet- 
ronio), i, 1397- 

Picrylsemioxamazide (Giua and Pet- 
ronio), i, 1397. 

Piezoohemical studies (Cohen, be 
Meester, and Moesveld), ii, 190 ; 
(Cohen and Bruins), ii, 280 ; 
(Cohen and van dee Boscr), ii, 283. 
Pigs, effect of iodine on assimilation of 
nitrogen, phosphorus, and calcium in 
(Kelly), i, 1210. 

Pigeons, digestion in (Mangold), i, 615. 
Pigments, formation of (Schmalfuss 
and Werner), i, 1361. 
by fungi (Danilov), i, 1013. 
metabolism of. See Metabolism. 
Pilocarpidine, constitution of ( Burtles, 
Pyman, and Roylance), i, 696, 
constitution and derivatives of (Spath 
and Kunz), i, 575, 

woPilocarpidine nitrate (Spath and 
Kunz), i, 576. 

Pilo carpine 2 : 4 ; 6 -tfnhitro- wt- 1 olyloxide 
(Spate and Kunz), i, 576, 
fsoPilocarpine methopicrate (Spath and 
Kunz), i, 576. 

n- and m>-Pilocaipines, and their deriv- 
atives (Langenbeck), i, 151. 
n- and iso -TicoPilooarpines, and their 
salts (Burtles, Pyman, and Roy- 
lance), i, 696. 

Pimenta officinalis , oil from leaves of 
(Kemp), i, 565. 

Pinacolin, decomposition of (Hurd and 
Tallyn), i, 885. 

Pinacolin, chloro-oximino-, and its 
benzoyl derivative (Rheinboldt and 
Schmitz-Dumont), i, 1132, 

Pinacone, compound of boric acid and 
(Hermans),i, 501. \ 

Pinane (Lipp), i, 1080, 

Pine lignin. See Lignin. 
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Pineapples, non-volatile acids of (Nel- 
< son), i, 762. 

nitrogen assimilation of (Stewart, 
Thomas, and Horner), i, 1366. 
Pinene (Kondakov and . Saprikin), i, 
1080. 

oxide, hydration of (Nametkin and 
Jaeceva), i, 1081. 

a-Pinene, catalytic hydrogenation of 
(Zelinski), i, 821. 
action of chlorine on (Beds), i, 821. 
Pinenes, relation between terpineols and 
(D£li£pine), i, 564. 

Pirms longifolia, abiotic acid from rosin 
of (Rao and Simonsen), i, 687.. 
Piperazine, compounds of, with amino- 
acids (Abderhalden and Rossner), 
i, 975. 

l:4-dicliloroacetyl derivative (Abder- 
halden and Rossnee), i, 976. 
hydroferricyanide (Gumming), i, 122. 
Piperidine, prepaiation of (Marie and 
Lejeune), i, 577. 

influence of, in rickets (6 derer), i, 
869. 

ohloxostannate (Deuce), 5, 1096. 
hydroferricyanide (Cumming), i, 122. 
Piperidiaoacetic acid, phenyl ethyl ester, 
and its hydrochloride ( Weil), i, 157. 
9-Piperidinoanthracene (Barnett, 
Cook, and Matthews), i, 648. 
9-Piperidinoanthrone, l:5-cftchloro- 

( Barnett, Cook, and Matthews), 
i, 1399. 

a-Piperidino-j 8 -benzylbntan* 7 *one, and 
its hydrochloride (Mannioh), i, 375. 
Piperidinodiphenylmethaue, and its 
hydrochloride (Cheistiaen), i, 23. 
jS-iV'-Piperidmoethyl phenyl ether, and 
its hydrobromide and hydrochloride 
(Brill), i, 833. 

a-Piperidino-/ 3 -ethylhutan- 7 -one, and 
its hydrochloride (Mannioh), a, 375. 
-AT-Piperidinoethylole amide (Society 
ok Chemical Industry in Basle), 
i, 1133. 

2-Piperidinohydroindene, 1-oximino- 
(Steaus and Ekhard), i, 1139. 
Piperidino-l-ketotetrahydronaph- 
thalene (Straus, Bernoully, and 
(Mautnee), i, 1155. 
Piperidinomethylallylmalonic acid 
(Mannioh and Suttee), i, 1037. 
a-Piperidiiioinetliyl- 7 -valerolactone, and 
5-bromo-, and their derivatives 
(Mannioh and Suttee), i, 1038. 
Piperidinophenylbenzylmethane, and 
its hydrochloride (Cheistiaen), v 
23. 

a-Piperidino-a-phenyl-71-propane, and 

its hydrochloride (Cheistiaen), 

23. 

CXXTIII. ii. 
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7- iV- Piperidinopropyl benzoate, and 
phenyl ether and their salts (Brill), 

3 , 833. 

2-Piperidinotetrahydronaphthalene, 
1-oximino- (Straus and Ekhard), i, 
1139, 

<£-Piperitol (Simonsen), i, 1165. 

Piperonal, preparation of (Brinee, v, 
Tscharner, and Paillaed), i, 
1069. 

determination of (Radcliffe and 
Shaeples), ii, 1210. 

Piperonaldoxime -A 7 "- phenyl ether (Bam- 
berger),, i, 142. 

Piperonyl bromide, preparation of 
(Chbmische Fabrik Flora), i, 1413. 

Piperonyl compounds, carbon-like 
residue from heating (Pascal), i, 
1278. 

a-Piperonylideneacetohexoic acid (Ryan 
and Shannon), i, 558. 

Fiperonylidenemethyl amyl ketone, and 
its derivatives (Ryan and Shannon), 
i, 558. 

Fiperonylidenemethyl ethyl ketone 
(Ryan and Cahill), i, 558. 

Piperonylideneoxindole, 6'-amino-, and 
its methosulphate ( Aemit and Robin- 
son), i, 1172. 

2-Piperonylidene-4-phenyl-3-anisyl-5- 
methyl-A 8 -cyc£openten-l-one ( Ryan 

and Lennon), i, 1282. 

Piperonylidene- 7 >piperonylpropylamine 

(Baker and Robinson), i, 925. 

3 Piper onyl-4-phenyI- 5 -methyl- A 2 - 
cycZopenten-l-one (Ryan and Len- 
non), i, 1282. 

jS-Piperonylpropionic acid, 6-nitro- 
( Baker and Robinson), i, 925. 

$-PiperonylpropionitriIe, and 6-nitro- 
(Baker and Robinson), i, 925. 

y-Piperonylpropylamine, End its deriv- 
atives (Baker and Robinson), i, 
925. 

7 -Piperonylpropyltrimethylammoninm 
iodide (Baker and Robinson), i, 
925. 

Piperonylsuccinio anhydride (Baker 
and Lapwoeth), i, 671. 

Pipette, Oornec-Cottet, for measurement 
of small volumes (Hiclodx), ii, 898. 

Pistacia terebinths, oil from (Timosupf), 
i, 1124. 

Pituitary extracts, dialysis of, and 
their quantitative effect on secretion 
of urine (Smith and McClosky), i, 
207. 

Placenta, transmission of blood con- 
stituents through the, (Plass and 
Matthew), i, 1489. 

Planck's law, deduction of (Edding- 
ton), ii, 1022. 
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Plants, photosynthesis by (MazE), i, 
485. 

absorption of ultra-violet light by 
(Palladin and Hubbenet), i, 
1223. 

absorption of salts by (Lundegardh 
and HorAvek), i, 214. 
absorption of mineral salts by (Dust- 
man), i, 1123. 

absorption of potassium by (AndrE 
and Bbmoussy), i, 758. 
anaerobic respiration in (Neuberg 
and Gottsohalk), i, 213, 
effect of wounding on respiration of 
(Palladia), i, 1221, 
apparatus for study of the respiratiou 
of (Ginsburg), i, 1120. 
influence of end-products of meta- 
bolism on (Sigmund), i, 344. 
occurrence of aromatic compounds in 
(Reti), i, 418. 

influence of external factors on the 
ash-content of (Seiden), i, 1518. 
relation between yield of, and the 
intensity of external factors 
(Briggs), i, 1222, 

suitable depth in soil for (Lemmer- 
' MANN, Wiessmann, and Eckl), i, 
1029. 

equilibria of nutrition in (Rippel and 
Ludwig), i, 485. 

effect of bases on growth of seedling 
(Bokobny), i, 489. 
effect of, on reaction of culture solu- 
tions (Hoagland), i, 1368. 
acidity of the sap of (Arland), i,, 213. 
cuticle of (Legg and Wheeler), i, 
1025. 

formation of asparagine in (Priani- 
schnikov), i, 213. 

formation of carbohydrates in, from 
proteins and fats (Terroinb, 
Trautmann, and Bonnet), i, 755. 
carbon dioxide as a climatic factor in 
growth of (Rexnau), i, 213. 
effect of carbon dioxide in soil air on 
growth of (Parker), i, 1223. 
effect of dicyanodiamide on (Allison, 
Skinner, and Reid), i, 1030. 
oxidation by enzymes of (Onslow and 
Robinson),i, 1010. 
specificity of enzymes of (Blagove- 
schenski and Sossiedov), i, 1007 ; 
( Blago vesohenski and Bielo- 
zerski), i, 1009. 

. glycuromo acid in (Palladin and 
Levtsohenko), i, 1369. 
stimulation of, by hydrogen cyanide 

rherpstive substances of (Schmidt and 
mmk ii ; (Schmidt, 
i, 1370. 


Plants, hevulosans in (Colin), i, 618. 
occurrence of metals in (MoHargue), 
i, 1023. 

mineral constituents in (Smirnov), i, 

486. 

nitrates in, in relation to nitrogen nu- 
trition (Niklas and Vogel), i, 213. 
utilisation of ammonium nitrate by 
(Prianischnikgv), i, 757. 
action of nitrites on growth of (FehEr 
and VAgi), i, 488. 

decomposition of oxalic acid by 
(Palladin and Lovtschinov- 
skaja), i, 1222. 

pectic substances in (Norris and 
Schryver), i, 1226. 
pentoses in (Englis and Hale), i, 618. 
effect of phosphate manuring on 
vitamin-if in (Hornemann), i, 623, 
phosphatides of (Lkvrne and Role), 
i, 487 ; (Grape ; Graee and 
Horvat), i, 1522, 

availability of potassium silicates to 
(Dobresou-Cluy), i, 1223. 
silica in growth of, and its relation to 
phosphoric acid (Nanji and Shaw), 
i, 214. 

influence of silica and silicates on 
growth of (Lemmermann, Wiess- 
mann, and Sammet), i, 766; 
(Duchon ; Lemmermann ;Densoh), 
i, 767. 

action of sodium carbonate on germin- 
ation and growth of (FehEr and 
VAgi), i, 1023. 

action of soil solutions on development 
of roots of (Terlikowski), i, 1029. 
formation of starch from arabinose by 
(Polonovski and Mokvillez), l 
1222 . ' 
effect of desiccation on sugar oontent 
of (Link), 1, 618. 

tyrosinase in (Boas ahd Mbrken- 
schlager), i, 474, 
formation of vegetable oils in 
(Franoesconi, Maneredi, and 
Astengo), i, 759. 

zymase in (Palladin and Illjuviev), 

i, 1519. 

diseases of (Anderson), i, 1522. 
green, poisonous action of carbon 
monoxide on (Wehmer), i, 1029. 
higher, sources of available nitrogen 
for (Bialosuknia), i, 1366. 
effect of urea, thiourea, and allyl- 
thiourea on (E. and G. Nicolas), 
i, 757. 

chemistry of (Komatsu and Ueda), 
i, 762; (Komatsu and Yamada), 
i, 881 ; (Komatsu and Nobzu), i, 
1025 ; (Komatsu and Tanaka), i, 
1369. 
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Plants, lower, effect of oxygen on energy 
balance of (Terroine, Bonnet, and 
Hek), i, 1517. 

medicinal, constituents of (Zellner), 

i, 763. 

South. African, active principles of 
(Juritz), i, 761. 

young, influence of light on absorption 
of nutrients by (Wiessmann), i, 

, 757. 

detection of phenols in (Ware), i, 

1122. 

determination of camphor in (Gobi), 

ii, 1009. 

determination of chlorides and 
sulphates in sap of (Gortneb and 
Hoffman), i, 485. 
determination of nitrate nitrogen in 
(Burrell and Phillips), i, 1367. 
Plant ash, physico-chemical analysis of 
(L. and J. Deshusses), ii, 67. 

Plant cells, equilibrium and oxidation 
in (Mayer and Plantefol), i, 
1120. 

staining of, with colouring matters 
(Schwarz), i, 755. 
effect of poisons on (Arzichovski and 
Scheljakin), i, 1227- 
Plant extracts, blood-sugar depressant 
action of (Glaser and Wittner), i, 
209. 

Plant fibres, Rontgen ray patterns from 
(Sponsler), ii, 844. 

Plant juices, hydrogen-ion concentration 
of (Gustafson), i, 1023. 

Plant plasma, influence of alkaline earth 
salts oh the heat coagulation of 
(Kaho), i, 217. 

Plant roots, exposed to light, develop- 
ment and distribution of chlorophy. * 
in (Powell), i, 1221 . 

Plant tissues, distribution of potassium 
in (Dowding), i, 871. 
laboratory apparatus for wet grinding 
of (Roach), i, 1517. 

Plaster, hard, preparation of (Chasse- 
vent), ii, 559. 

Plasticity (Sheppard; Bogus; Shep- 
pard and Carter ; Venable), ii, 
1058. 

Plastids, amylogenie activity of (Maige), 

Platinum, spark spectrum of (L. and E. 
Bloch), ii, 829. 

photo-electric effect and conductivity 

of (Herrmann), ii, 947- 
photo-electric sensitivity of (Suhr- 
* MANN), ii, 831. 
valency of, in respect to mercaptans 
(P. C. and K. C. B. Ray), ii, 
1121 . 

melting point of (Hofmann),; ii, 99. 


Platinum, adsorption of metals by 
(Maxted), ii, 384. 
adsorption of water on (McHaffie 
and Lenher), ii, 854. 
effect of Rontgen rays on the catalytic 
activity of (Clark, McGrath, , and 
Johnson), ii, 1176. 
physical state and catalytic action of 
(Smith ; Gauger), ii, 1072. 
catalytic hydrogenation with (Bodrn- 
stein), ii, 216 ; (Waldschmidt- 
Leitz and Seitz), ii, 411. . 
behaviour of, with fused silicates 
(Jander), ii, 416. 

colloidal, nuclear hydrogenation with 
(Skit a), i, 140. . 

oxide-coated, emission of negative ions 
from (Barton), ii, 1020. 
thermionic work function of 
(Davisson and Germer), ii, 81. 
sols, cataphoresis of, in presence of 
caoutchouc (Evers), ii, 668. 
Platinum alloys, reaction limits of 
(Tammann), ii, 378. 

Platinum salts, trypanocidal action of 
(Levaditi, Girard, and Nicolau), 
i, 1117. 

Platinum oxide, catalytic reduction 
with (Kern, Shriner, and Adams), 

i, 625 ; (Pierce and Adams), i, 
824 ; (Heckel and Adams), i, 909; 
(Carothers and Adams), ii, 693. 

Platinic chloride, compounds of ethyl 
sulphide and (P. G. and K. C. B. 
RIy), ii, 1121. 

selenide (Moser and Atynski), ii, 
584. 

telluride (Brukl), ii, 895. 
Chloroplatinic acid, compounds of acid 
amides with (Pricke and Rusoh- 
haupt), ii, 894. 

Platinum organic compounds ; — 
Platinum, hydrazine carbylamine com- 
pounds of (Tschugaey, Skanavy- 
Grigorjeta and Posnjak), i, 
1395. 

dimethy lglyoxime (Cooper), ii, 827. 
Platinicyanides, optical properties of 
crystals of (Pockettino), ii, 21. 
Platinum separation:— 
separation of palladium from (Krauss 
and Denek$, ii, 1005. 
separation of ruthenium aud (Ruff 
and Vidic), ii, 443. 

Platinum black, structure of (Os aw a), 

ii, 747. 

preparation and activation of (Kab), 

h, 564. 

catalytic hydrogenation with (Waser), 

i, 584. ’’ 

effect of chlorine on catalysis . by 

(Boswell and Bayley), ii, 215* 
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Platinum electrodes. See Electrodes. 

Platinum films, velocity of photo- 
electrons emitted from (Cha), ii, 
476. 

electrical resistance of, in presence of 
hydrogen (Gauger), ii, 1040. 
sputtered, effect of gas on the resist- 
ance of (Reynolds), ii, 108. 

Platinum wedges for spectrophotometry 
(Merton), ii, 78. 

Platinum wire, effect of absorption of 
gas on resistance of (Kleine), ii, 947. 

. Plum, wild. See Ximenia americana. 

Pneumococcus, oxidation, and reduction 
by (Neill and Avery), i, 340, 867 ; 
(Neill), i, 868. 

Pneumonia, excretion of organic acids 
after (Clausen), i, 1491. 

Poison, rattlesnake, fractionation of the 
proteins of (Welker), i, 998. 

Poisons, adsorption of, by charcoal 
(Dingemanse and Laqtjetjr), i, 
1500. 

adsorption of, by a new plant char- 
coal (Laqueur and Sluyters), i, 
736. 

effect of, on plant cells (Arzichovski 
and Scheljakin), i, 1227. 
convulsive, influence of acids and 
alkalis on the action of (Fro HUGH 
and SoLfc), i, 334. 

use of hydrogen peroxide in analysis 
of (Magnin), ii, 594. 

Poisoning, carbon monoxide, spectro- 
chemistry of (Balthazars), i, 196. 

Polar compounds, formation of, in photo- 
chemical reactions (Noybk), ii, 1081. 

Polarisation (Gladstone), ii, 43, 133; 
(Holler), ii, 793. 

and electrical double layers (Clark), 
ii, 673. 

effect of alternating currents on (Glad- 
stone ; Isgarisohev and Berk- 
mann), ii,' 548. 

of metallic electrodes (Dresbach and 
Hosmer), ii, 1068. 

anodic, oxygen evolution theory of 
(Jirsa and Loris ; Jirsa), ii, 45. 
dielectric (Ebert), ii, 14. 
rotatory, theory of (de Mallemann), 
ii, 1029. 

Polarity and optical activity of substi- 
tuent groups (Rule and Smith), ii, 

.... mo, 

induced alternate (Lap worth), ii, 
636. 

Polarograph (Heyrovsk^ and Shi- 

;v;....^TA),,ii r 674v- , 

PoifiiriuaL> «-particles from (Curie), ii, 

1 -% due to • o-particles from 


Polonium, distribution of length of a-par- 
ticles of, in oxygen and nitrogen 
(Curie and Yama da), ii, 175. 
long-range particles from (Yamada), 
ii, 255; (Curie and Yamada), ii, 
621. 

adsorption of, by various substances 
(Brennen), ii, 770, 
growth of, in radium preparations 
(Curie and Yovanovitoh), ii, 464. 

PolydihydrodioycZopentadiene ozonide 
(Staudinger), i, 898. 

Polydicycfopentadiene diozonide 

(Staudinger), i, 898. 

Polymerides, magnetochemistry of 
(Pascal), ii, 371. 

Polymerisation (Lebedev and Filo- 
nenko), i, 225 ; (Staudinger and 
Luthy), i, 360, 361 ; (Staudinger), 
i, 362, 

by means of aluminium oxide and iron 
(Ipatiev and Kejukvin), i, 226. 

Polymethine colouring matters, prepar- 
ation of (Farbenfabriken vorm F. 
Bayer & Co.), i, 839. 

Polymorphism, aggregation and (Schaum, 
Naumann, Unger, and Hof- 
farth), ii, 1132. 

and isomerism (Pfeiffer, Kalok- 
BRENN1R, and Behr), i* 547. 

Polyoxymethylenes, constitution of 
(Staudinger and Luthy), i, 360; 
(Staudinger), i, 362. 

Polypeptides, oxidation of (Abdek- 
halden and Komm), i, 848. 
cleavage of, by yeast enzymes (Fqdor 
and Epstein), i, 1214; (Fodor, 
Bernfeld, and SchSnfeld), i, 
1215. 

Polysaccharides (Karrer, Soknider, 
and Smirnov), i, 418; (KiRBER 
and Idling), i, 741, 1029; (Komatsu 
and Ueda), i, 762; (Karrer and 
Lier), i, 793 ; (Karrer and Joos), 
i, 1028. 

synthesis of (Sqhlubach and Maurer ; 
Sohlubaoh and Rauohenberger), 
i, 888. 

methylation of (Schmid), i, 1386. 
ethers of (Wbltzien), x, 12; (Her- 
zog), i, 371. 

Polysticius versicolor , attack of apples by 
(Smith), i, 1226. 

Polysulphides. See under Sulphur. 

Polythioaates. See under Sulphur, 

Porcelain, action of metals and gases 
bn vessels of (v. Wartenberg), ii, 
699. 

Porphyrin, formation of, from haemo- 
globin (Sohumm), i, 88. : > 

of faeces (Papendieck), i, 98; (KA- 
MERl), i, 188. 
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Porphyrins, natural (Fischer and Hil- 
ger), i, 307 ; (KAster and Hutten- 
lochbr), i, 845; (Fischer and 
Miller), i, 845, 846 ; (Schumm), 

i, 846 ; (Fischer and Lindner), i, 
992, 997. 

in blood serum (Papendieok), i, 96. 
in yeast (Fischer and Fink), i,-866. 
PotamogelcMi leaf pigments of (Prat), 
i, 487. 

Potash-oligoclase from Mt. Erebus 
(Mountain), ii, 819. 

Potassamide, reactions of, with cobalt 
and iron salts in liquid ammonia 
(Bergstrom), ii, 231. 

Potassium, molecular weight of (Jou- 
niaux), ii, 187. 

Potassium, spectrum of, at low voltage 
(Newman), ii, 1014. 
spectrum of, burning in chlorine 
(Ramdas), ii, 334* 

absorption spectrum of (Sue and 
Ghosh), ii, 453. 

absorption and emission spectra of 
(Narayan and Gunnaiya ; Nara- 
yan and Subrahmanyam), ii, 737. 
band spectrum of, and of mixtures of 
the vapours with sodium vapour 
(Smith), ii, 86. 

Rontgen ray spectrum of (Lund- 
quist), ii, 1014* 

,spark spectrum of (Dahmen ; de 
Bruin and Zeeman), ii, 167. 
photo-electric effect of (Horn beck), 

ii, 81 ; (Lawrence), ii, 831. 
ionisation of the vapour of, by light 

(Samuel), ii, 459 ; (Arnulf), ii, 
460. 

vapour, low voltage ares in (Newman), 
ii, 450. 

radioactivity of (Harkins and Guy), 
ii, 1109. 

as a trap for mercury vapour (Hughes 
and Poindexter), ii, 895, 
Potassium alloys with mercury, electro- 
lysis of (JKremann, Muller, and 
Ortner), ii, 132. 

effect of light on the action of water 
with (Bhatnagar, Prasad, and 
Mukerji), ii, 811. 
iuterfacial tension between benzene 
and (Bhatnagar, Prasad, and 
Mukerji), ii, 194. 

with sodium, electrolysis of (Kremann 
and v. Rehenburg), ii, 132. 
Potassium salts, distribution of, in plant 
tissues (Dowding), i, 871, 
adsorption of, by plants (AndrR and 
Demoussy), i, 758. 

in soils, effect of fertilisers and crop- 
ping on (Ames and Simon ; Fraps), 
i, 1523. 
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Potassium bromate, electrolytic prepar- 
ation of (Ewing and Schmidt), ii, 
551. 

bromide, reflection of Rontgen rays 
by crystals of (Kulenkampff), ii, 
1033. 

bromide and chloride, mixed crystals 
of (Brooms), ii, 366. 

Rontgen ray analysis of solid solu- 
tions of (Sasahara), ii, 745. 

bromide or iodide, action of chlorine 
on, in presence of water (Parsons), 
ii, 880. 

sodium carbonates (Bain), ii, 577. 

chlorate, effect of, on blood, and its 
excretion (Ross), i, 732. 

chloride, dispersion of (Herzfeld and 
Wolf), ii, 1119. 

electrical conductivity of solutions 
of (Lorenz and Voigt), ii, 871. 
activity coefficient of (Scatchard), 
ii, 397. 

liquid junction potential between 
hydrochloric acid and (Scatch- 
ard), ii, 398. 

transference numbers of, and its mix- 
tures with sodium chloride (Mao 
Innes), ii, 872 ; (Dewey), ii, 
873. 

density of aqueous solutions of (H. C. 

aud E. W. Parker), ii, 288. 
equilibrium of ammonium aud 
mercuric chlorides, water, and 
(Osaka and Ando), ii, 123. 
reaction between sodium dichromate 
and (Robertson), ii, 121. 

chromate, equilibrium of ammonium 
chromate, water, and (Araki), 0, 
786. 

Chromate, melting and transition 
points of (Robinson, Stephen* 
son, and Briscoe), ii, 374, 
depolarising action of (Vincent), 
ii, 882. 

lanthanum chromates (Oarobbi), ii. 
315. 

hydroxide, activity . coefficient of 
(Scatchard), u, 397; (Harned), 
ii, 398, 

iodide, action of light on, in presence 
of potassium dichromate and eosin 
(Reychler), ii, 1180. 
electrical conductivity of bromine- 
iodine solutions of (Plotnikov), 
ii, 791. 

absorption of, by the skin (Canals 
and Gidon), i, 1116. 

iodide and .persulphate, reaction be- 
tween, in gelatin sols (Bawling 
and Glassett), ii, 561. 

permanganate, ultra-violet absorption 
spectrum of (Viterbi), ii, 352. 
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Potassium permanganate, oxidation of 
hydrogen by (Wilke and Kuhn). 
ii, 51. 

decomposition of solutions of (Hol- 
Ltr ta), ii, 422. 

titration of, with hydrogen peroxide 
in presence of ammonium sulphate 
(Tananaev), ii, 430. 
standardisation of, with sodium 
oxalate, (del Fresno), ii, 602, 
904. 

ammonomolybdite and ammonotung- 
stite (Bergstrom), ii, 1084. 
dihydrogen phosphate, crystal struc- 
ture of (Hassel), ii, 1130. 
chlororuthenates (Briggs), ii, 703. 
chlororuthenites (Charqnnat), ii, 
586. 

pentachlororuthenite and hexachloro- 
ruthenate (Aoyama), ii, 816. 
pentachlorornthenites (Gutbier and 
Niemann), ii, 231. 

silicates, assimilation of, hy plants 
,(Dobrescu-Cltjy), i, 1223. 
ehromosilicate, synthesis of (Karfiol), 
ii, 1087. 

; lanthanum sulphates (Zambonini and 
Caro bbiI, ii, 222. 

lithium sulphate, crystal structure of 
(Bradley), ii, 638. 
neodymium sulphates (Zambonini and 
Caglioti), ii, 222, 315. 
p.??i£asu3phide, action of allyl iodide 
on (Thomas and Ridi ng), i, 4. 
sulphite (Foerster, Brosche, and 
Norberg-Schulz), ii, 120. 
pyrosulphite, absorption spectrum of 
(Dietzel and Galanqs), ii, 1115. 
dinitrososulph onate [nitrososulphite) 
(Raschig), ii, 226. 

chloroiminodisnlphonate (Rasohig), 
ii, 986, 

tantalate, diffusion and molecular 
weight of (Jander and Sohhl 2), 
u,. 528. 

tungstate, equilibria of, with lithium 
tungstate and tungsten trioxide 
(van Liemrt), ii, 421, 

Potassium organic compounds 
Potassium . ferritripyrocateeholoxide, 
rise of, as an indicator (Binder), 
ii, 596. . 

Potassium detection, determination, and 
separation:—* 

substitute for blue glass in detection 

off (MEYsaX ii* 601. 

CSstmetioa between sodium and, by 
Jaaeansof ammonium oxalate(MEYER- 

■ Of • (Y ORTHEIM), ii, 

il, 825# '.(Yob), 


Potassium detection, determination, and 
separation 

determination of, polarimetrically 
(Wr6bel), ii, 240. 

determination of, in blood serum 
(Lebermann), i, 96, 714. 
determination of, in urine (v. Dehn), 
i, 855. 

determination and separation of(SMiTH 
and Ross), ii, 601. 

Potatoes, composition of (Willaman 
and West), i, 1522. 
respiration and carbohydrate changes 
in, at low temperatures (Hopkins), 

i, 344. 

cork layer of the skin of (Rhodes), i, 
1026. 

Potato plants, growth of, in nutrient 
solutions (Johnson), i, 1367. 

Potential, effect of presence of porous 
materials on measurements of 
(Fricke), ii, 544. 

relation between energy of escape of 
electrons and (GtfNTHER-ScHULZE), 

ii, 477. 

effect of filtration on (Riety), ii, 796. 
at surfaces of inorganic liquids (Wks- 
SEL), ii, 795. 

fall of, in liquids, produced by air 
bubbles (Kleeman and Pitts), ii, 
659. 

differences of, between liquids and air 
(Frumkin), ii, 544. 
differences of, at the junction of two 
liquids (Vosnkssenski), ii, 673, 
differences of, at the boundary of two 
phases (Rbichinstein), Ii,* 545. 
electronegative series of, in liquid 
ammonia (Bergstrom), ii, 794. 
contact, of metals (Dowling), ii, 796. 
decomposition, of non-aqueous solu- 
tions (Finkelstein), ii, 546. r 
of electrodes (Holler), ii, 793. 
of metals against pure water (Smits, 
Gkrding, and Kroon), ii, 796. 
single-phase boundary, measurement 
of (Baer), ii, 1164. 

spark, Townsend theory of ( D allen - 
bach), ii, 740. 

Potential scales, comparison of electrode 
potentials and (Biroher), ii, 711. 

Potentiometer, new (Mislowitzer), i, 
1485. 

Praseodyminm, preparation and proper- 
ties of (Wierda and Kremers), ii, 
993* 

Rontgen ray spectrum of (Gleditsch 
ana Botolpsbn), ii, 612. 

Praseodymium chlorovanadinite (Ca- 
robbi), ii, 582. 

Precipitates, stratified structure of (v. 
WErMARN), ii, 959; 
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Precipitates, adsorption by (Weis eh), 
ii, 108, 

emanating capacity of, and surface 
variation (Hahn), ii, 177. 
ignition of (Brinton and Stoppel), 
ii, 72. 

Precipitation, laws of (v, Weimarn), 
ii, 1064. 

of coloured salts in gels (Biegel and 
Widgqff), ii, 863. 

fractional (Ruff and Hirsoh), ii, 
992. 

rhythmic, in gels (Fischer), ii, 853. 
in gelatin gels (Scott-Blair), ii, 
519. 

Precipitin, behaviour of, when adsorbed, 
to its antigen (Eisler), i, 96. 
Pregnancy, toxaemia of (Standee, 
Duncan, and Sisson), i, 1492. 
storage of vitamin-^ in white rats 
during (Scheunert and Cande- 
lin), i, 1515* 

Pressure, internal, in terms of critical 
pressure and temperature (Schus- 
ter), ii, 951. 

and molecular volume (Schuster), 
ii, 1142. . 

Pressure eaualiser (Patterson), ii, 
151. 

Primeverase, from almond emulsin 
(Bridel), i, 1438. 

Primeverose (Bridel), i, 336, 615, 
760. 

Primeverosidase (Bridel), i, 760, 1438. 
Primula , unpleasant taste of roots of 
(Kofler and Brauner), i, 1224. 
Privet berries, colouring matter of 
(Pfau), i, 572. 

Proflavine, effect of, on infusoria 
(Robertson), i, 1012. 

Prolamines (Hoffman andGQRTNER), i, 
1479. 

Propane, a$ 7 -Znamino-, and its deriv- 
atives and complex metallic com- 
pounds (Mann and Pope), i, 373. 
LPropane, a-amino-£-hydroxy-, and its 
salts (Karrer and Klarer), i, 
1036. 

ajS-dlthydroxy-, preparation of 
(Levene and Haller), i, 1875, 
cyeZoPropane compounds, influence of 
phenyl groups on the formation of 
(Haerdi and Thorpe), i, 923. 
eyc/oPropane series, three -carbon ’tauto- 
merism in (Goss, Ingold, and 
Thorpe), i, 549. 

cycZ£>Propanebis-2;6-diketophenykycZo- 
hexanedispiran (Badulescu and 
Georgescu), i, 820. 
cycZoPropanedicarboxylic acid, deriv- 
atives of (KOster and Grassner), i, 
922. 


2- Propenyl -3 -o-anisolesuIphonyl-2- 
methylquinoline(TROGER and Brohm), 
i, 1453. 

Propepsin in blood and urine (Gott- 
lieb), i, 742. 

Propinene, synthesis from (Yvon), i, 
514. 

Propiolic acid, methyl ester (Ingold), i, 
779. 

Z-Propionamide, a-amino-, p- toluene* 
sulphonate (Freudenberg and 
Huber), i, 229, 

Propionic acid, partition of, between 
water and ethyl ether (de Kolo- 
sovski), ii, 506. 

hydroxylamine salt (Oespkr and 
Ballard), i, 1233. * 
alkoxymethyl esters (Farren, Fife, 
Clark, and Garland), i, 1230. 
furfuiyl ester (Zanetti), i, 567. 
Propionic acid, a-bromonitro-, a-chloro- 
nitro-, and a-nitro-, ethyl esters, 
and hydrazine derivative of tbe 
latter (Macbeth and Traill), i, 
629. 

fl-chloro-, preparation of (Powell), i, 
228. 

d-Propionic acid, a-thiol-, sodium salts 
(Levene and Mikeska), i, 512. 
Propionitrile, 0- eh loro-, reaction of 
resorcinol with (Chapman and 
Stephen), i, 669. 

j3-nitro-a-oximino-, and its derivatives 
(Wieland), i, 1049. 

3- Propionylbomylene. See a-Boxnylene 

ethyl ketm*. 

3-Propionylcamphane. See a*Camphanyl 
ethyl ketone. 

Propionylcarbasole, and its picrate, and 
mtro- (Oddo), i, 296, 

5-Propionyl-5 *• 10-dihydrophenarsassine, 
10-chloro- (Burton and Gibson), i, 
85. 

3-Propionylphenylarsinic acid, 4- 
hydroxy-, p-nitropheny Ihy drazone 

(Margulies), i, 447, 
2-Propionylpyrrole, 3:4-cZv and 3;4;5- 
Zn-iodo- (Terentiev and Tschelin- 
* cev), i, 295. ' 

Propionylveratrole, j8-ehloro- {Freuden- 
berg and Fikentsoher), i, 69. 
p-Propoxybenxoic acids, p-bromo-, p- 
chloio-, p-io^o-, and p-hydroxy-, and 
their derivatives (Farbwerke vorm. 
Meister, Lucius, k Bruning), i, 
1424. 

2-Propoxy-A 1 -cycZohexene, 1-cyano- (v. 
Auwers, Bahr, and Press), i, 
312. 

iso Propoxy-5 -methylacetophenone, and 
its derivatives (v. Auwers, Lechnbr, 
and Bundesmann), i, 266. 
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Propyl alcohol, 6-ehloro-, conversion of, 
into jS-hydroxybutyronitvile (Dew- 
ael), i, 14. 

woPropyl alcohol, latent and specific 
heats of (Parks and Kelley), ii, 
949. 

properties of mixtures of ethyl 
alcohol and (Parks and Kelley), 
ii, 764. 

l~iso2 ropyl alcohol, aa-dichloro urethane 
of (Sen), i, 337. 

n- and iso-Propyl alcohols, refractive 
indices of (Bennett and Garratt), 
i, 498. 

Z-Propylallylbarbituric acid (V olwileb), 
i, 1174. 

7-Propylamine, j8-bydroxy-, hydro- 
chloride (Levene and Halleb), i, 
1376. 

Propylammonium chloroferrates (Remy 
and Rothe), ii, 1089. 

%-Propylaniline m-nitrobenzenesulphon - 
amide (Marvel, Kingsbxtky, and 
Smith), i, 245. 

%-Propylbenzene, 3:5-d£hydroxy- 

(Mauthner), i, 25. 

7-Propylbenzoic acid, o-amino-, and the 
corresponding lactam {v. Braun and 
Reich), i, 1407. 

7z.-Propylhenzoyloximidocarbonic acid, 
ethyl ester (Oespeb and Cook), i, 
523, 

7-Propylbenzyl bromide, o-brorao- (v, 
Bbaun and Kaisee), i, 1414. 

wwPropyl-^-bromoaHylbarbituric acid 
(Riedel), i, 1453. 

Propylbutylals (Adams and Adkins), i, 
7S5. 

.9-Propylcarbamide, hydroxy- 

( Levene and Haller), i, 1375. 

p-wPropyl-y-ehloroaUylbenzene, and its 
dibromide (Bert), i, 804. 

p -isoPropyl -w-chlorobutenylbenzene 
(Beet), i, 304. 

Propylene, equilibrium of hydrogen 
bromide with (Maass and W bight), 

catalytic addition of halogen acids to 
(Wibaut, Diekmann, and Rut- 
gers), i, 494. 

inhalation of (Davidson), i, 1503. 

Propylene, afiy-tribrQmQ-ay-dimtxo- 
(w island and Jung), i, 1374. 

a-Propylene oxide, heat of combustion of 

■ (Zubov and Swientoslawski), ii, 
364 . 

isoPropylfurfarylal (Adams and 

i, 407. 


2- Propylc2/c7ohexanone, 2-cyano-, and its 
semicarbazone (v. Auwers, Bahb, 
and Fbese), i, 312. 

0- Propylc^cZohexylamines, and their 
salts (v. Braun and Bayer), i, 428. 

isoPropylidene compounds of sugars 
(Freudenberg and Doser), i, 366; 
(Freudenberg and Wolff), i, 367. 
Propylidenedi-indone (Radulescu and 
Geobgescu), i, 1287. 
isoPropylidenequinamide (Kabrer, 
Widmek, and Riso), i, 673. 
a-Propylindole (Verley and Beduw£), 
i, 578, 

3- Propylindole, 3-7-amino*, and its salts 
(Majima and Hoshino), i, 1451. 

C2/cZoPropylmethylthiocyanate(v.BRAUN, 
Fussganger, and Kuhn), i, 1402. 
cT/doPropylmethylamine, and its benzoyl 
derivative (v. Braun, Fussganger, 
and Kuhn), i, 1402. 
cT/cZoPropylmethylbenzylmethylamine, 
and its hydrochloride (v. Braun, 
Fussganger, and Kuhn), i, 1402, 
cyc^Propylmethylmethylaniline, and its 
.salts (v. Braun, Fussganger, and 
Kuhn), i, 1402, 

cycZoPropylmethylmethylcyanamide (v, 
Braun, Fussganger, and Kuhn), i, 
1402. 

2-Propyl-3-phenyh'srindolinone, 3-bydr- 
oxy-2-7-bromo-, and its derivatives 
(Kohn and Lakner), i, 1276. 
7-4-woPropylphenylpropinene (Bert, 
Dorier, and Lamy), i, 1373. 
Propylphtbalimide, 7-brorao-, action of 
magnesium phenyl bromide on (Kohn 
and Lakner), i, 1276. 
^Propyl-w-toluidine, 2:4- and 4:6-<fo*- 
nitro- (Giua and Petronio), i, 1397. 

1- zsaPropylurazole (Goodwin and 
Bailey), i, 843, 

woPropylur ethane, aa-^chloro-, and 
oa'-diiodo- (Ohinoin Fabrik 
GhEMISCH-FHARMAZEUTISOHER Pro- 
dukte), 1, 18. 

w-Propylvinylcarbinol, resolution and 
rotation of, and its salts and esters 
(Kenyon and Snellgrove), i, 771. 

4- &oPropyl«o-xylene, 7nnitro-( Kruber), 
i, 1138. 

4-tsoPropyl-o-xylenesulphonic acid, and 
, its sodium salt and amide (Kruber), 
i, 1138. 

Prosopcmche Burmeisteri, constituents of 
(Zellnbr), i, 1025. 

Prostate, tuberculosis and calcification 
of (McKenzie, Seng* and Macau* 
lum), i, 830. 

effect of injections of emulsions of, on 
metabolism (Korenohevsky and 
Carr), i, 1513. 
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Prostate, nitrogen excretion in hyper- 
trophy of (Nioolaysen), i, 857. 
Proteases, animal, specificity of (Wald- 
schmidt-Leitz and Schaffner), i, 
1110 , 

a-Proteases, effect of quinine compounds 
and urea on (Smorodincev and 
Adova), i, 335. 

Proteic acid, hydroxy-, in urine 
(Freund and Sittenberger-Kraft), 
i, 723. 

Proteins . (Johnson and Daschavsky), 
i, 176 ; (Ludtke), i, 450 ; (Shelton 
and Johnson), i, 602 ; (Sorensen), 
i, 1110 ; (Hoffman and Gortner), 
i, 1479. 

structure of (Abderhalden, Klar- 
marn, and Komm), i, 174 ; (Abder- 
halden and Komm), i, 175, 320, 
848, 1475 ; (Herzog), i, 450 ; 
(BlanchetiIirr), i, 602; (Troen- 
segaard and Fischer ; Berg- 
mann), i, 848; (Abderhalden), 
i, 848, 1341 ; (Abderhalden and 
Schwab), i, 991. 

structure and synthesis of (Wald- 
schmidt-Leitz and Schaffner), 

i, 1110. 

synthesis of, by enzymes (Wasteneys 
and Borsook), i, 102 ; (BORSOOK 
and Wasteneys), i, 472, 864, 865 ; 
(Bona and Kleinmann), i, 473. 
molecular weights of (Cohn, Hendry, 
and Prentiss), ii, 641. 
ionisation of (Linderstrom-Lan g), 

ii, 203. 

heat denatnration of (H. and D. Y. 
Wu), i, 1110. 

adsorption of, by collodion membranes 
(Hitchcock), ii, 1054. 
adsorption of phenolsulphonephthalein 
by (Grollman), i, 1000. 
liberation of adsorbed substances from 
(Rosenthal), i, 1203. 
solubility of (Sorensen), i, 602. 
solubility of, in organic solvents 
(Cooper and Nicholas), i, 955. 
depolymerisation of (Shibata), i, 
1109. 

coagulation of, in drops (Morasko), i, 
1487. 

by heat (M. and P. L. SOrensen), 
ii, 518. 

hydrolysis of (Schryver, Buston, 
and Mukherjee), i, 794. 
by enzymes (Ron a and Klein- 
mann), i, 103. 

with hydrochloric acid (Yaitschni- 
kov), i, 320. 

decomposition of, by microbes 
(Waksman and Lomanitz), i, 
867., f 


SUBJECTS. 


Proteins, decomposition of, by pepsin 
(Uhlenbruck), i, 742. 
effect of amino-acids on (Seuffert 
and Marks), v 730. 
decomposition products of (Ivanov), 
i, 1480. 

influence of glutathione on oxidation 
of (Hopkins), i, 1499. 
compounds of acids with (Modern 
and Pauli), ii, 518. 
combination of, with acids and alkalis 
(Harris), i, 45,0. 

cystine and tryptophan in (Jones, 
Gersdorff, and Moeller), i; 98. 
action of, on gold sols (Zsigmondy 
and Joel), ii, 35 ; (Reinders), ii, 
1059 ; (Krebs), ii, 1155. 
action of hypobromites on (Gold 
schmidt and Steigerwald), i, 
1109 ; (Abderhalden), i, 1475. 
action of paraldehyde on (Cooper), 
i, 91. 

action of pepsin and hydrochloric acid 
on (van Urk), i, 1507. 
sulphur in (Hoffman), i, 1480. 
compounds of zinc chloride with 
(Pauli and Sch6n), ii, 198. 
new amino-acid from (Gortner and 
Hoffman), i, 602. 
metabolism of. See Metabolism, 
action of bile on pancreatic digestion 
of (Rosenov), i, 1507. 
precipitation of, from body fluids 
( Wunschendorff), i, 1346* 
substitutes for, in diet of goats 
(Paasch), i, 1498. 

replacement of, by urea in diet of 
milch animals (Morgan, Wind- 
heuser, and Ohlmer), i, 217. 
Bence-Jones, precipitin reaction of 
(Hektorn and Welker), i, 328. 
in blood, and their determination 
(Hueok), i, 1484 j (Holm . and 
Tomasson), i, 1485. 
gluten, from wheat flour (Blish and 
Pinckney), i, 176. 
halogenated (Vandeveldb), i, 91, 707, 
1477. 

hydrolysed, dynamic action of, as food- 
stuffs (Melly and v.RCtth), i, 193. 
of muscle, isoelectric points of 
(WdHLisoH and Sobriever), h 
1488. 

colloid characteristics of. (Weber), 
i, 995. 

in germinating seeds (Fodor and 
Reifenberg), i, 756. 
of serum (Leendertz), i, 96. 
calcium content of (Csap 6 and 
Faubl), i, 96. 

precipitation of (Ruszozynski), i, 
322. 

58 * 
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Protein*i of serum, precipitation of, 
by salts (Csap 6 and y. .Klobu- 
bitzky), i, 178. 

precipitin reactions of (Hektoen 
and Welker), i, 828. 
of skin, extraction of (Piness, Miller, 
and Alles), i, 331. 
water-soluble, electrolyte-free (Adolf 
and Pauli), ii, 289 ; (Pauli), ii, 
319. 

effect of glycerol on the biuret 
reaction for (Seibert and Long), 

i, 1110. 

reaction of, with phosphoric acid 
(Romieu), i, 607. 

analysis of the hydrolysis products of 
(WastenEys and BorsooK), i, 97. 
detection of (Nouy), ii, 1212. 
determination of, electrometrically, 
with alkalis (Hoffman and Gort- 
ner), ii, 1011. 

determination of amino acids from 
hydrolysis of (Cherbuliez and 
Wahl), ii, 1211. 

determination of nitrogen in (Main 
and Locke), i, 997 ; (ter Meulen), 

ii, 599. 

determination of nitrogen distribution 
in (Gortner and Sandstrom), ii, 
908. 

determination of phosphorus in 
(Sorensen), ii, 900. 
determination of tyrosine in (Furth 
and Fischer), ii, 448. 

Proteoses, solubility of, in organic 
solvents (Cooper and N icholas), 
ii, 955. 

of egg-albumin (Rudd), i, 320, 321. 

Proteus, formation of gelatinase by 
(Clark and Merrill), i, 1511. . 

Protoparaffin. See Ceresin. 

Protoplasm, toxic action of copper and 
gold salts on (Voegtlin, Johnson, 
and Dyer), i, 1118. 
living, permeability of (Osterhout), 
i, 1355. 

Pmm&Ha edax, influence of hydrogen- 
ion concentration on the growth of 
{RaABR), 1, 868. 

Prunus pissardi, flavone from the leaves 
of* and its reactions (Jonesgo), i, 824, 
825» 

Prussian blue, formation of, in cyanide 
. test (Sohclek), ii, 71. 
sols* coagulation of (Ghosh and 
Dhar), ii, 778 ; (Weir), ii, 1155.’ 

Prussic add, labile. See woHydrocyanic 


1188% 

of (Willstatter), 

,,^ 42 #^;* ' . . „ 

(Wagner), i, 1503. 


Ptychotis verticillcda , essential oil of 
(Morani), i, 146. 

Pulmonaria officinalis, constituents of 
(Zellner), i, 763. 

Pump for circulation of gases (Mknzies, 
Collins, and Tyson), ii, 818. 
automatic mercury (McLaughlin and 
Brown), ii, 428. 
laboratory (Cameron), ii, 707. 
circulating, for corrosive gases (Kre- 
mers), ii, 427. 

Pungency in relation to chemical con- 
stitution (Nomura and Hotta), i, 
1156. 

Purine derivatives, excretion of, in 
dogs (Langfeldt and Holmsen), i, 
1205. 

Putrescine, behaviour of, in the liver 
(Felix and Rothler), i, 859. 

Pycnometer, new (H. 0* and JE. W. 
Parker), ii, 288. 

Pylorns, dehydration after obstruction 
of the (Gamble and Ross), i, 1352. 

Pyocyanine (Wrede and Strack), i, 
174. 

and its derivatives (Wrede and 
Strack), i, 844. 

Pyramidone, compound of veronal with 
(Pfeiffer), i, 1318. 

Pyranones, 1-thio- (Arndt, Nachtwey, 
and Pusch), i, 1307. 

Pymoles, synthesis of (Btjlow and 
Baur), i, 1827. 

Pyrazole series, isomerism in (v. Auwers 
and Niemeyer), i, 1176 ; (v. Auwers 
and Mauss), i, 1178 ; (y. Auwers and 
Daniel), i, 1180. 

Pyrazole-blue, m - and jo-chloro- (Chatt- 
away and Strouts), i, 71. 

Pyrazolecarhoxylamides, formation and 
transformation of (v. Auwers and 
Ottkns), i, 1459. 

Pyrazolecarhoxylic acids, synthesis of 
(Minunni), i, 1175. 

Pyrazolines, influence of constitution 
on formation of, from phenylhydr- 
azones (v. Auwers and Kreuder), 
i, 1454. 

spontaneous oxidation of (LoCQUlN and 
Hbilmann), i* 1185. 
substituted isomeric (Freubenbbrg 
and Stoll), i, 70. 

Pyrazolone derivatives, preparation of 
(Farbenfabriken vorm. F. Bayer 
& Co.), i, 301. 

Pyrid-2-imine, 1-chloroacetyl derivative, 
and its salts (Finger and Kraft), 
i, 73. . . . ■ \ 

Pyridine, electrolytic reduction of 
(Marie and Lejeune), i, 577. 
nucleus, fission of, during reduction 
(Shaw), i, 299. 
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Pyridine, equilibria of, with cadmium 
chloride and with zinc chloride 
(Mason and Mathews), ii, 1063. 
arsenyl tartrate (Debucquet), i, 973. 
compounds formed by action of, on 
By-dibromoallyl bromide (v. Braun 
and K6 hn), i, 1375. 
compound of hexanitrodiphenylamine 
and (Desvergnes), i, 1056. 
hydroferricyanide (Cumming), i, 122. 
compounds of silver perchlorate, water, 
and (Maoy), ii, 536. 
derivatives, formation of, from acyclic 

3-diketones (Blaise and Mon- 
tagne), i, 835. 

preparation of alkyl derivatives of 
(Chemische Fabrix auf Aktien 
yorm. E. Schering), i, 431. 

Pyridine, 2-amino-, taufcomerism of, and 
its derivatives(TscHiTscHiBABiN), 
i, 158. 

condensation of, with fatty-aromatic 
ketones (Schmid and Bangler), 
i, 1459. 

2:6-iftamino-, preparation of (Chem- 
ische Fabrix auf Aktien vorm. 
E. Schering), i, 589. 

2:3-cftamino-, and 3-nitro-2-amino-, 
acetyl derivatives, and 2-chloro-, 

2-chloro-5rbromo-3-nitro-, 2-ehloro- 
5-iodoxy-, and their derivatives 
(Pieroni and Hatjpt), i, 1316. 

3-bromo-, and 3-iodo-, and their salts 
(Baumgarten), i, 1381. 

2- chloro-5-iodo-, 5-iodo-2-amino-, and 
5-iodo-2-nitroammo-, and their de- 
rivatives. (Magidson and Mensobi- 
koff), i, 301. 

hydroxy-derivatives (Tschitschiba- 
bin), i, 299. 

3- nitro-, and 3-nitroso- {Kirpal and 
Reiter), i, 697. 

dinitro-2-amino- (Tsch itschibabin), 
i, 1328. 

3-hitro-2*mtroamino- (Tschitschiba- 
bin and Konovalova), i, 1329. 
5-nitro-2-nitroamino-, reactions of, 
and 5-nitro-2-nitroso- (Rath and 
Prange), i, 978. 

Pyridines, aiylated (Dilthey and 
Schaefer), i, 153 ; (Dilthey and 
Radmaoher), i, 1441. 

Pyridines, amino-, tautomerism of 
(Tsohitschibabin and Ossetboya; 
Tsohitschibabin), i, 1328. 

Pyridiae-l-aeetic acid, l-chloro-2-hydr- 
oxy* (Kirpal), i, 66. 

Pyridine-2-carboxylic acid,4:6-<ftehloro- 
5-cy ano- (SpXth and Roller), i, 1 446. 

2-Pyridine-3-carboxylic acid, 2-amino-, 
anhydride and acetyl derivative, 
methyl ester (Seide), i, 72. 


Pyridine-3-snlphonic acid, 4-amino-, and 

4- hydroxy-, and their barium salts 
(Koenigs and Jungfbr), i, 154. 

Pyridinium methiodide, compound of 
benzidine with (Emmert, Roh, and 
Koberne), i, 588. 

Pyridofluorene,and its derivatives(MiLLs, 
Palmer, and Tomxinson), i, 69. 

Pyxidofluor enone -Is 3:4-tricarboxylic 
acid (Mills, Palmer, and Tomkin- 
son), i, 69. 

2-Pyridone, 5-iodo- (Magidson and 
Menschikoff), i, 302. 

4- Pyridone, 3-amino-, and 3-nitro- 

5- amino-, salts of (Crowe), i, 1319. 

2-Pyridone-l-acetic acid, and its silver 

salt and derivatives (Kirpal), i, 66. 

2- Pyridoneimine-l-acetic acid, and its 
chloroplatinate (Tsohitschibabin), i, 
158. 

Pyridonemethides, See Methylenedi 
hydropyridines. 

4:5-Pyridothiephen, 3-hydroxy- (Koe- 
nigs and Geisslek), i, 166. 

Pyridotripyrocatechylantimonic acid, 
potassium and sodium salts (Reihlen, 
Sapper, and Kall), i, 912. 

Pyridotripyrocatechylarsenic acid, sod- 
ium salt (Reihlen, Sapper, and 
Kall), . i, 912. 

a-Pyridylanthranilic acid, sodium salt 
(Seide), i, 160. 

5- Pyridylazo-j8-naphthol, 2-chloro- (Pie- 
roni and Haupt), i, 1316. 

Pyridylglycine, and its derivatives 
(Reindbl and Rauch), i, 438* 
monohydrate (Finger and Kbaft), 
i, 73. 

3- Pyridylglycine-2-carboxylic acid, 

(Sucharda), i, 1381. 

5-Pyridylhydrazine, 2-chloro- (Pieroni 
and Haupt), i, 1316. 

3 - 3 - Pyridylhydr oxylamine (Kirpal and 
Reiter), i, 698. 

3-Pyridyl 5-methylaminobutyl ketone, 
and its salts (Ruzioka, Seidel, and 
Liebl), i, 290. 

3-Pyridyl 3-iV r -methyl-2-piperidonyl ke- 
tone, and its pioronolate (Ruzioka, 
Seidel, and Liebl), i, 290. 

U-(2'*Pyridyl)4-methyipyrrole, and its 
methiodide (Wibaut and Coffees),. 
i 75. 

Pyridyi-2-nitroamine, alkylation of 
(Tsghitschi babin and Menschieoy), 

i, 437 . ■ , ■ ■ • ' 

*y-2-Pyridylpyrrole (Chemische Fabrik 
auf Aktien yorm. & Schering), 
i, 1329. 

2-Pyridylpyrroles, and their picrates 
(Tsohitschibabin and Bylinkin), i, 
1174. 
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Pyrimidines, phenylhydrazine deriv- 
atives of (Levene), i, 979. 

Pyriminazole, and its chloroplatinate 
(Tschitschibabin), i, 1328. 

5-Pyrindigotin, and its derivatives 
(SUCHARDA), i, 1331. 

Pyrindoxyl, constitution of (Finger and 
Kraft), i, 73, 

Pyrites from Serbia (Barthodx), ii, 
429. 

Pyrocatechol, antimony, arsenic, and 
bisnmth compounds with (Rosen- 
heim and Bardttsohisky), i, 
808. 

compounds of boric acid and (Weil 
and Adler), i, 136. 
compounds of molybdic, tungstic, and 
uranic acids with, and their salts 
(Fernandes), i, 912, 1061. 
complex vanadyl salts (Rosenheim 
and Mono), x, 1412. 
determination of derivatives of, color- 
imetrically (Glasstone), ii, 331. 

Pyrocatechol, 4-amino-, acetyl and 
benzoyl derivatives (Kehrmann 
and Hoehn), i, 660. 

4:5-diamino- } and its derivatives, and 
5-nifcroso-4-amino-, 4-acetyl deriv- 
ative (Hoehn), i, 938. 

Pyrocatecholboric acid, 3-nitro-, salts of 
(Boeseken and Mijs), i, 912. 

Pyrocatechol tannins, detection of 
(Vogel), ii, 827. 

Pyrocholoidanic acid, oxidation of (WlE- 
land), i, 1066. 

Pyrodeoxybilianie acid, derivatives of 
(Wieland), i, 1066. 

Pyrogallol, compounds of molybdic, 
tungstic, and uranic acids with, and 
their salts (Fernandes), i, 912, 
1061. 

determination of derivatives of, color- 
iraetrically (Gladstone), ii, 331. 

Pyrogallolacrolein (Sen and Sarkar), 
i, 812. 

Pyrogallolbenzein, and its hydrochlor- 
ide (Orndorff and Wang), i, 277. 
and its e-hydroxy derivative (Sen and 
Sarkar), i, 812. 

Pyrogallolconmarcin (Sen and Sircar), 
i, 664. 

Pyrogallolglycerein (Sen and Sarkar), 
i, 812. 

Pyrog&llol-omp-frihydroxybenzein 
(Sen, Sinha, and Sarkar), i, 916. 

ifyingalloliaatein (Sen and Sircar), i, 

■ .10, . 666 *.'. \* c :■:■■■- 

Pyrogallol stilicylein (Sen and Sircar), 

K MUanie acid, methyl ester- 
and Sohwarz- 


Pyromellitic acid, condensation of, with 
decalin and tetralin (Philippi, 
Seka, and Fdnke), i, 666. 
derivatives of (de Diesbach and 
Zurbriggbn), i, 1427. 

Pyromellitic acid, bromo-, and its an- 
hydride (Philippi, Seka, and Bader), 

i, 555. „ 

Pyromelliticdi-imidines. See Bis(amino- 

methyl)-benzenedicarboxylie acid, di- 
lactams. 

Pyromellitide. See Bis(hydroxymethyl)- 
benzenedicarboxylic acid dilactone. 
Pyrometers, black body for calibration 
of (Roberts), ii, 766. 
micro- (Henning and Hadse), ii, 427. 
Pyromucic acid, isoamyl ester (Nakai), 
i, 360. 

furfuryl ester (Meerwein and 
Schmidt), i, 1239. 

Pyrone, and thio-, halochromism of 
halogenated derivatives of (Arndt 
and Pdsch), i, 1304. 

Pyrone, 4-thio- (Arndt, Scho lz, and 
Nachtwey), i, 58. 

Pyrones, structure of (Arndt, Scholz, 
and Nachtwey), i, 67. 

Pyrones, 1-thio- (Arndt, Nachtwey, 
and Pdsch), i, 1307. 

Pyrone colouring matters (Farben- 
fabriken vorm F. Bayer & Go.), i, 
955. 

y-Pyroneearboxylic acids, effect of 
boric acid on the solubility and con- 
ductivity of (Yerkade), ii, 128. 
Pyroxenes, crystal structure of (Wyc- 
koff, Mbrwin, and Washington), 

ii, 1126. 

Pyroxonin (Majima and Sdginome), i, 
1448. 

Pyroxonitin, and its compound with 
chloroform (Majima and Sdginome), 
i, 1448. 

Pyrroflavin (Konig), i, 1184. 

Pyrrole, absorption spectrum of (Gal* 
lerani), ii, 266. 

action of iodine on (G. E. K. and 
H. E. H. Branch), i, 66. 
derivatives, absorption spectra of 
(Korschdn ana Roll), ii, 268. 
bromination and iodination of 
(Terentiev , and Tsohelinoev), 
i, 295. 

Pyrrole, iodo-derivatives (Pieroni and 
Nocentini), i, 1096. 

4-iodo-3-nitro- (Terentiev , and 
Tschelincev), i, 295. 

Pyrroles, action of formaldehyde and 
alcohols on (Fischer and Nenitz- 
escd), i, 834. 

Pyrrole colouring matters (Konig), 1, 
1184. 
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Pyrrole series, preparation of aldehydes 
and ketones of (Kalle & Co.), i, 
297. 

Pyrrolealdehyde, constitution of (Ras- 
telli, and Mingozzi), i, 1816. 
Pyrrole* 2-aldehyde, tetraXodo- (Teren- 
tiev and Tschelincev), i, 295. 
Pyrrole-2-carboxylio acid, %-propyl 
ester (Oddo), i, 296. 

Pyrrole-2* glyoxylic acid, ethyl ester 
(Oddo), i, 297, 

Pyrrolenephenylearbinol-o-carboxylic 
acid, ammonium salt (Oddo and 
Mingoia), i, 978. 

Pyrrolenephthalides (Oddo), i, 978. 
Pyrrolephthalides (Oddo and Mingoia), 
i, 9/8. 

Pyruvamide, hydrazones of (Below and 
Spengler), i, 1103. 

Pyruvic acid, absorption spectra and 
tautomerism of (Henri and From a- 
geot), ii, 929. 

heat of combustion of (Blasohko), i, 

1011 , 

catalytic decomposition of (E. and 
F. Muller), ii, 414. 
action of ^-aminopbenylarsinie acid 
and, on aldehydes (Adams and 
Johnson), i, 319. 

action of carboxylase of yeast on 
(Neeberg), i, 336. 

possible role of, in growth of bacteria 
(Qeastel), i, 1216. 
fate of, in the animal body (Otani), 
i, 731. 

esters, hydrolysis of (Skrabal, Pfaff, 
and Airoldi), ii, 139. 

Pyruvic ureide, bromonitro- and nitro-, 
and its acetyl derivative (Davidson), 
i, 975, 

Pyrnvyl bromide and chloride, hydr- 
azones of (BAlow and Spengler), i, 
1103. 

Pyruvylalanine (Bergmann, Mieke- 
ley, and Kann), i, 1184. 

Pyrylium compounds (Dilthey and 
Floret), i, 55 ; (Dilthey and Rad- 
maoher), i, 1441. 

Pyrylium salts, synthesis of (Pratt and 
Robinson), i, 422, 825, 828 ; (Malkin 
and Robinson), i, 827. 

Pyvuril (Davidson), i, 588, 


Q. 

Quantum numbers and series spectra 
(Lindsay), ii, 915. 
and atomic numbers (Hartreb), ii, 
487, 

Quantum rule, Epstein-Sommerfeld 
(Kordysoh), ii, 836. 


Quantum theory in relation to the atomic 
theory and energetics (Berthblot), 
ii, 1022. 

and molecular formation (Born and 
Franck), ii, 266. 

application of, to gases (Planck ; 
Einstein), ii, 495. 

and Bohr’s correspondence principle 
(Tolman), ii, 466. 

of radiation (Bothe and Geiger; 
Eetohem), ii, 1. 

and resonance radiation (Darwin), ii, 
169. 

Quartz, structure of (Bragg),* ii, 1131. 
and its reflexion of X-rays (Gibbs), 
ii, 367. 

spiral springs of (Smith), ii, 818 ; 
(Dkane), ii, 995. 

Quartz mercury lamp. See under 
Lamp. 

Quebraohitolpentaphoaphoric acid, salts 
of (Contardi), i, 277. 

Quercetin, isolation and identification 
of, in apple peel (Sands), i, 216. 

5 -methyl ether, and its potassium salt 
and tetra-acetyl derivative (Kebota 
and Perkin), i, 1160. 

Quinaketones, monocyclic (Rezicka, 
Seidel, and Liebl), i, 289. 

Quinaldine. See 2-Methylqpiinoline. 

Quinaldines, condensation of hydroxy 
and methoxy derivatives of, with 
aromatic aldehydes (Tr6ger and 
Denker), i, 432. 

Quinatoxins, aliphatic (Rezicka, 
Seidel, and Liebl), i, 289., 

Quinazoline, bromo-4-hydroxy-, and its 
methiodide(SEiDE), i, 159. 

Quinhydrone, ifo'cyano-, reduction po- 
tential of (Eideal), ii, 546. 

Quinhy drones (Pfeiffer, Goebel, and 
Angern), i, 271. 

reduction potentials of (Biilmanx, 
Jensen, and Pedersen), ii, 404. 

Quinhydrone electrode. See Electrodes. 

Quinic acid, constitution of (Kaerer, 
Widmer, and Riso), ij 673. 
utilisation of, by moulds and bacteria 
( Betkevitsoh), i, 1511. 

Quinidine, determination of, spectro- 
photometrically (Fabre), ii, 1212. 

Quinine, action of sulphuric acid on 
(Giemsa and Bonath), i, 291. 
compounds of cupric hydroxide and 
(Krben), i, 573. 

effect of, on fermentation in the 
organism (Smorodincev and 

Adova), i, 335. 

iodohismuthate (Francois and 

Skgein), i, 1084. 

salicylosalicylate (Merck & Co. ), i, 
1448. 
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Quinine chlorostannate and chloro- 
stannite (Druce), i, 1096. 
arsenious tartrate (Decbucquet), i, 
1090. 

determination of, spectrophoto- 
metrically (Fabre), ii, 1212. 

Quinine, amino-, and its salts and deriv- 
atives (Frankel, Tritt, Mehrer, 
and Herschmann), i, 573. 

apaQuinine, and its benzoate hydrochlor- 
ide (FRANKRLaud Bub lea), i, 57 B. 
derivatives of (Suszko), i, 1449. 

S-iaoQuinine, and its derivatives, and 
<Z£bromo- (Suszko), i, 1448. 

Quinine series (Ruzicka, Seidel, and 
Liebl), i, 289. 

Quininetrimethylammonium picrate 
(FrAnkel, Tritt, Mehrer, and 
Herschmann), i, 574. 

isoQuinooyanines, ’ 4-chloro-, synthesis 
of, and their derivatives (Fischer, 
MfxLLER, and Vilsmeier), i, 439. 

Quinoidine extracts from animal sub- 
stances (Kinnersley, Peters, and 
Squires), i, 997. 

Quinol, oxidation of, in presence of ali- 
phatic amines (Harger), i, 24. 
ethers, substitution in derivatives of 
(Rubenstein), i, 1278. ~ 

additive compounds of aromatic amines 
with (Harger), i, 23. 

Quinol, tfribromo-, dimethyl ether (Kohn 
and Guttmann), i, 1263. 
broinonitro- and cbloronitro-, ethers 
of (Kohn and Marberger), i, 1264. 
^rachioro- (Binz and Rath), i, 446. 

Quinols, mmw- and ^i-nitro*, colorimetric 
dissociation constants of (Pjrideaun 
and Nunn), i, 24. 

^-Quinols, preparation of (Fighter and 
Meyer), i, 381. 

Quinol-om-dihy droxybenz ein (Sen, Sin- 
ha, and Sarkar), i, 916, 

Quinoline, centroid structure for (Fu- 
son), i, 1098. c 

arnenyl tartrate (Debuoquet), i, 973. 
ethioaide, compounds of, with bromo- 
form and iodoform (Steinkopf and 
Bessaritsoh), i, 495. 
derivatives (John), i, 1317 ; (John 
and Noziozka), i, 1451 ; (John and 
Weber), i, 1452. 

, Quinoline, 8-amino-, and its derivatives 
(Seka), i, 587. 

\ : 8-hydroxy-, salts of (Zetzsche, 

: : Silbrrmann, and Yirli), i, 1411. 

, derivatives, syntheses of 
v and Perkin), i, 968, 969, 

Perein, and Ran- 
W$\ Kelly, and 

; (Haworth, Per-. 

g|felil':PiNE),;i, lies." . 


n - and ^-Quinolines, hydroferricyanides 
of (Cumming), i, 122. 

Quinolines, 4-amino-, substituted 
(Fisoher, Dibpolder, and W5l- 
fel), i, 438. 

hydroxy-derivatives (Tschitsohi- 
babin), i, 299. 

cZiiodohydroxy- (Passer), ii 1170. 
nitroamino- (Tsohitschibabin, Wit- 
kovsky, and Lapsohin), i, 838. 

Quin.oUne-4-aldehyde, and its phenyl- 
hydrazone, preparation of (Ohem. 
Fabrik auf Aktien vorm. E. Soher- 
ing), i, 1452. 

Quinolinecarboxylic acid, dihydroxy-, 
in rice husks (Sahashi), i, 1520. 

Quinolinic acid, preparation of, and its 
derivatives (Sucharda), i, 1317. 

Quinolphthalein, structure and deriv- 
atives of (Dominikiewicz), i, 53. 

4-Quinolyl e-amino-a-carbethoxyamyl 
ketone, and its picrolonate (Ruzicka, 
Seidel, and Liebl), i, 289. 

4-Quinolyl e-benzamido-a-carbethoxy- 
amyl ketone, and its picrate (Ruzicka, 
Seidel, and Liebl), i, 289. 

4-Quinolyl 5-benzoylethylaminobutyl 
ketone, and its picrate (Ruzicka, 
Seidel, and Liebl), i, 289. 

4-Quinolyl 5-benzoyIethylamino-a-carb- 
ethoxybutyl ketone (Ruzicka, Seidel, 
and Liebl), i, 289. 

4-Quinolyl e-benzoylmethylaminoamyl 
ketone (Ruzicka, Seidel, and Liebl), 
i, 289. 

4-Quinolyl e-benzoylmethylamino-a-carb- 
ethoxyamyl ketone, and its salts 
(Ruzicka, Seidel, and Liebl), i, 289, 

4-Quinolyl a-bromo-f-anunoamyl ketone, 
and its dihydrobromide (Ruzicka, 
Seidel, and Liebl), i, 290. 

4-Quinolyl a-bromo- e-methylaminoamyl 
ketone, and its dihydroorornide (Ru- 
zicka, Seidel, and Liebl), i, 289. 

4-Quinolyl iV- ethyl-2 - pyrr olidyl ketone, 
and its dipicronolate (Ruzicka, Sei- 
del, and Liebl), i, 290, 

4-Quinolyl- A 7 -methyl-2-piperidylcarb- 
inol, and its salts (Ruzicka, Seidel, 
and Liebl), i, 290. . 

4-Quinolyl i\ 7 -methyl-2-piperidyl ketone, 
and its salts (Ruzicka, Seidel, and 
Liebl), i, 290. 

4-Quinolyl iV-methyl-2-pyrrolidyl ketone, 
and its hydrochloride (Ruzicka, Sei- 
del, and Liebl), i, 290. 

4-Quinolyl 2-piperidyl ketone, and its 
phenylhydrazone dipicrate (Ruzicka, 
Seidel, and Liebl), i, 290. 

Qninone See Benzoquinone. 

Quinonei, bactericidal action of (Mor- 
gan and Cooper), i, 207. 
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0 -Quinones, oxidation of (Charrier and 
Beretta), i, 271. 

Quinonedtfchlorodi-imines, heats of 
formation of (Blaszkovska), ii, 1042. 
Quinonechloroimihes, heats of formation 
of (Blaszkovska*), ii, 1042. 
Quinone-imide colouring matters (Kehr- 
mann and Cherpillod), i, 302 ; 
(Kehrmann and False), i, 303 ; 
(Kehrmann and Prunier), i, 304, 
Quinoneimine colouring matters (Kehr- 
mann and Stanoybvitch), i, 1334 ; 
(Kehrmann and Haenny), i, 1330 ; 
(Kehrmann and Safar), i, 1331 ; 
(Kehrmann and Listva), i, 1332. 
a-Quinoquinolone, constitution of 
(Seide), i, 159. 

Quinotoxine, oxime of, and amino-, and 
its salts (Frankel and Diamant), 
i, 574. 

phenylhydrazones (Frankel, Tritt, 
Mehrer, andHERSOHMANN), i, 574. 
8-woQuinotoxine, and its derivatives 
(Suszko), i, 1449, 

Quinoxaline, 2:3:6-2Wchloro-, and 6 - 
chloro-2 : 3 -dihydroxy- (Kehrmann 

and Bener), i, 443. 


R. 

Rabbits, influence of histamine and tyr- 
amine on nitrogen metabolism of 
(Iwatsuru), i, 1502. 

Racemic acid, formation of, from cis- 
oxidoethylenedicarboxylio acid (B5 e- 
seken), i, 1237. 

Raoemio compounds, liquid (Aguir- 
reche), ii, 1142. 

Racemuation (Levene and Pfaltz), 

i, 795. 

asymmetric catalytic (McKenzie and 
Smith), i, 822. 

Radiation, theories of (Mie), ii, 1128. 
quantum theory of (Bothe and Gei- 
ger ; Ketghum), ii, 1 ; (Lodge), 

ii, 465,624. 

nature of (Slater), ii, 926. 
absorption of, by emitting atoms (db 
Broglie and Thibaud), ii, 165. 
transformation of atoms into (Stern), 
ii, 1021. 

and matter (Stern ; Westphal), ii, 
926. 

from non-luminous flames (Haslam, 
Lovell, and Hunneman), ii, 475. 
from incandescent solids, photo-electric 
action of (Becker), ii, 1107. 
emitted by high resistance conductors 
(Reboul), ii, 845. 

equilibria between atoms, electrons, 
and (Dirac), ii, 6. 


Radiation, corpuscular, from salts (Yol- 
mer), ii, 7. 

impulse (Mie), ii, 844. 
resonance, polarisation of, in magnetic 
fields (Ellett), ii, 628 ; (Breit), 
ii, 629. 

and the quantum theory (Darwin), 
ii, 169. 

visible, from solid targets (Foote, 
Meggers, and Chenault), ii, 80. 

Radiation potentials (Mohler), ii, 
1113. 

Radiation theory (CsaszIr), ii, 733. 
of chemical reactions (Rice), ii, 1076 ; 
(Ornstein), ii, 1077. 

Radicals, acyclic, migratory tendencies 
of hydrogen and (L4 vy and La- 
grave), i, 679. 

free, electrochemical relation of, to 
halochromic salts (Conant, Small, 
and Taylor)’, ii, 874. 
organic, degree of negativity of 
(Kharasch and Grafflin), i, 
1107. 

tenacity of (v. Braun, Fussg anger, 
and Kuhn), i, 1401. 
with respect to nitrogen (v. Au- 
WERS and PfubL), x, 1100. 
migration of (Tiffeneau and 
OrAkhov), i, 878, 679. 

Radioactive compounds, fractional crys- 
tallisation of (Ohlopin), ii, 438. 
elements (Harkins ana Guy), ii, 
1109. 

electrolytic separation of (T5 dt), ii, 
54. 

minerals as indicators of geological 
age (Ellsworth), ii, 593. 
particles, colloidal, electrical behaviour 
of (Ehrenhaft), ii, 465. 

Radioactivity, measurements of (Ma- 
tignon and Marchal), ii, 1110 . 
effect of sunlight on (Maracineanu), 
ii, 348. 

quantum theory of (Smekal), ii, 
347. 

Radio-luminescence, decay and regenera- 
tion of (Viol, Rammer, and Miller), 
ii, 1117. 

Radium, R-ray spectrum of (Hahn and 
Meitner), ii, 9. 

heat set free b f, as 7 -rays (Thibaud), 
ii, 464. 

long-range particles from (Yamaha), 
ii, 834. 

growth of polonium in preparations of 
(Curie and Yovanovitch), ii, 464. 
coloration of rock salt by (Ludewig 
and Reuther), ii, 21, 
and its isotopes, electrolytic separa- 
tion of (T5dt), ii, 54. 
emanation. See Niton, 
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Radium sulphate, eo-preclpitation of 
barium sulphate and (Doerner and 
Hoskins), ii, 381. 

determination of, in uranium minerals 
(Curie), ii, 241. 

separation of groups of radiations from 
(Lattes), ii, 465. 

Radium-I? and -0, 0-ray spectra of 
(Curtiss), ii, 622. 

0-partieles from (D’Fspine), ii, 622. 
heating effect of 7-rays from (Ellis 
and Wooster), ii, 622, 923. 

Radium- C, magnetic spectrum of /3-rays 
of (Ellis), ii, 9. 

Radium-#, 0-partides from (Emel&us), 

magnetic spectrum of 0-particles from 
(Curie and D’Espine), ii, 732. 
half-value period of (Fournier), ii, 
1110 . 

decay of (Bastings), ii, 9. 

Radium-#, o-particles from (Hammer 
and Fychlan), ii, 621. 

Radon. See Niton. 

Ragweed, active constituent of the 
pollen of (Bauman, Chudnoff, and 
Mackenzie), i, 1028. 

Raspberry, non-volatile acids of (Nel- 
son), i, 762. 

Rats, effect of yellow phosphorus on 
(Bernhardt and Rabl), i, 1357. 
diet of (Boas ; Hartwell), i, 211. 
relation between diet and loss of fur in 
(Hartwell), i, 464. 
white, chemistry of growth of bone in 
(Hammett), i, 1001. 

Rays, analysis by absorption of (Lattes), 
ii, 623. 

atomic (Sohmidt), ii, 251. 
canal, Ddppler effect in (Krefft), ii, 3. 
canal, slow, passage of, through hydro- 
gen (Dempster), ii, 1020. 
cathode (Broker), ii, 251. 
absorption of, in aluminium (Ter- 
rill), ii, 79; (Sohonland), ii, 

* 459. 

mass, photographic plates for detection 
of (Aston), ii, 706. 
penetrating, at sea-level (Hoffmann), 
ii, 1110. , 

positive (Wien), ii, 921. 
from the action of ultra-violet light 
on metals ( nu Bridge), ii, 25 1 . 
electromagnetic analysis of (D5 pel), 
ii, 168. 

Rontgen, measurements of (Hudson), 
ii*17; (Weber), ii, 458 ; (Blake), 

.. _ ' .. 

^;<analyia by, . and its use in deter- 
. oomrtdWion of organic 
1 ; (Robin- 


Rays, Rontgen, quantitative analysis 
with (GtTNTHRR and Wiloke), 
ii, 237 ; (Delauney), ii, 822. 
apparatus for examination by 
(Lange), ii, 482. 

analysis of powdered crystals by 
(Brentano), ii, 483. 
absorption of (Stoner and Martin), 
ii, 257. 

absorption and scattering of (Dun- 
bar), ii, 455; (Barkla and 
Khastgir ; Barkla), ii, 456. 
scattering of (Webster and Ross ; 
Allison and Duane; Comp- 
ton and Simon), ii, 1034. 
theory of (Fricke), ii, 941. 
Compton and Duane etfects in 
(Becker), ii, 17. 
spectra of. See Spectra, 
number of 0-rays associated with 
(Jauncey and DeFoe), ii, 
1128. 

secondary 0-rays produced in gases 
by (Auger), ii, 175. 
reflection of, by crystals (Hartree ; 
Bragg), ii, 735 ; (Weber), ii, 
1034. 

by crystals of alkali halides 
(Armstrong, Duane, and 
Havighurst ; Kulenkampff), 
ii, 1033. 

by barytes (Allison), ii, 18. 
refractive power of atoms for 
(Mark and Tolksdorf), ii, 933. 
diffraction of, by polymerised liquids 
(de Smedt), i, 6. , 

excitation of electrons by (Becker), 
ii, 8 ; (Seltz), ii, 168, 1034. 
secondary elections produced by 
(Fricke and Glasskr), ii, 16. 

K find L electrons expelled by 
(Kichtmyer), ii, 1129. 
ionisation by (Grebe and Krieges- 
mann), ii, 79, 

photographic and ionisation effects 
of (Berthold), ii, 252. 
intensity of, in Debye-Scherrer rings 
(Blunck and Koch), ii, 940. 
photogra pkic blackening by ( Busse), 
ii, 1080. 

coagulation of colloidal solutions by 
(Doonon), ii, 665. 
intensity of (Clark and Duane ; 

DeFoe and Nipper), ii, 336. 

J - transformation of (Khastgir and 
Watson), ii, 836, 727; (Sieg- 
bahn; Nipper), ii, 727. 

^-series of (Leide ; RlfcCHOU ; Ray; . 

v. Wisniewski), ii, 457, 
from light elements (Levi), ii, 456. 
from hot , sparks ,(B$3 rkesen), ii, 
830. 
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Bays, Rontgen, coloration of alkali 
halides by (Bayley), ii, 21. 
and smectic compounds (Friedel), 
ii, 186* 

effect of, on blood (Konrich and 
Scheller), i, 1356. 
fluorescent, critical excitation fre- 
quency for (Allison and Duane), 

soft, from iron (Thomas), ii, 
336. 

superposed, absorption of (Watson), 
ii, 458. 

coherence of (Barela and Mac- 
kenzie), ii, 614. 

a-Rays, decay of luminescence due to 
(Witmer), ii, 89. 

excitation of electrons by (Becker), 
ii, 8. 

0-Rays, production of, in air by 
feontgen rays (Ikeuti), ii, 460. 
spectra of. See under Spectra, 
associated with Rontgen rays (Comp- 
ton and Simon), ii, 347. 

Absorption of (Fournier), ii, 176, 
622. 

secondary, produced in gases by 
Rontgen rays (Auger), ii, 175. 
7 -Rays, spectra of. See under Spectra, 
wave-lengths of (Gray), ii, 84 ; (Sko- 
beltzyn), ii, 835, 

photo-electric effect of (de Broglie), 
ii, 347. 

absorption and diffusion of (Thibaud), 
ii, 257, 

absorption and scattering of (Owen, 
Fleming, and Fage; Gray), ii, 
84 j (Ahmad), ii, 923. 
scattering of (Skobkltzyn), ii, 257. 
emission of, in atomic disintegration 
(Meitner), ii, 10* 

heating effect of (Ellis and Wooster), 
ii, 622. 

Bay liver oil, higher alcohols of 
(Toyama), i, 4. 

Reactivity of atoms and groups in 
organic compounds (Norris and 
Ashdown), i, 626. 

Reagents used in analysis, specification 
' for (Collins, Farr, Rosin, Spencer, 

, and Wichers), ii, 899. 

Reductase, influence of colloids on the 
detection of ( Vi rtanen ), ii, 76. 
of yeast v Lvov), i, 1508, 

Reduction, mechanism of (Prins), ii, 
1169. 

and oxidation (Cady and Taft), ii, 
1078. 

biological (Ferro j Neill and 
Avery), i, 340. 

with the zinc arc (Stock, Brandt, 
and Fischer), ii, 570, 


Refraction, Kerr constant of, for liquids 
(Martin), ii, 90. 

double, of organic liquids (Vorlander 
and Walter), ii, 183. 
molecular, and molecular volume 
(Lorenz and Herz), ii, 356. 

Refractive index, influence of arrange- 
ment of atoms on (Bragg), ii, 92. 
and critical resonance potentials 
(Davis), ii, 933. 

of acids and bases, relation of, to 
concentration (Hammett), ii, 289^ 
of benzenoid hydrocarbons (Eisenlohr 
and Schulz), i, 17. 
o! doubly refracting crystals (Per- 
rier), ii, 1028. 

of binary mixed liquids (Lichte- 
neoker), ii, 632. 

of organic liquids, effect of pressure 
on (Eisele), ii, 264. 

Rennin, preparation of (de Toni), i, 200. 

Reproduction, influence of fluorides and 
iodides on (Maz &), i, 870. 
effect of vitamin-i? deficiency on 
(Parses and Drummond), i, 1021. 
diet required for (Sure) i, 212, 752. 

Resins (Vesterberg and Borge), i, 
252. 

relation between capacity to form, 
and chemical constitution (Her- 
zog), i, 386. * 

autoxidation of (Tsohiroh), i, 856. 
from hops (Walker), i, 1479. 
American and French, constituents of 
(KNECHTand Hibbert), i, 1420. 
phenolic (Baekeland and Bender), 
i, 689. 

Resin acids from hops (Wieland, 
Martz, andHoKK), iy 1422. 

ResinateB, lead solutions of (Coffig- 
nikr), i, 1294 ; (Uzao), i, 1295. 

Resinoids, phenolic (Baekeland and 
Bender), i, 689. 

Resonance potentials, critical, and 
refractive indices (Davis), ii, 983. 

Resorcinol, condensation of primary 
alcohols with (Sen and Sarkar), 
i, 812. 

additive compounds of, with ketones 
(Pfeiffer, Goebel, and Angern), 
i, 271. 

reactions of, with propionitriles 
(Chapman and Stephen), i, 669*. 
derivatives, substitution in (Rao, 
Srikantia, and Iyengar), i, 67 5. 
phenacyl methyl ether (Freubbnberg, 
Fikentsoher, and Harder), i, 420. 

Resorcinolacrolein (Sen and Sarkar), 
i, 812. 

Resorcinol-o-aminobenzein, and its po- 
tassium salt, and t&bromo- (Sen and 
Sircar), i, 554. 
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Resorcinol-4-azopyridine-3-sulphonic 
acid (Koenigs and Jungfer), i, 154. 
Resorcinolbenzein, and its derivatives 
(Sen and Sarkar), i, 812, 
Resorcinol^-cresolphthalein (Sen and 
Sircar), i, 555. 

Resoreinoifluorescein (Sen and Sircar), 
i, 555. 

Resorcinolgallein, and dibromo- (Sen 
and Sircar), i, 554. 
Resorcinolglyoerein, and its derivatives 
(Sen anti Sarkar), i, 812. 
Resorcinol-op-i&hydroxybenzein, and 
tetrahvomo- (Sen, Sinhar, and Sar- 
kar), i, 916. 

Resorcinol-£-hydroxynaphthalein (Sen 
and Sarkar), i, 812. 
Resorcinolisatein, and tetrahr omo - (Sen 
and Sircar), i, 555. 
Resorcinolsalicylein (Sen and Sircar), 
i, 554. 

Respiration, measurement of (War- 
burg), i, 321. 

of cells (v. Szent-Gyqrgyi), i, 708. 
effect of rubidium and selenium ions 
on (Roffo and Nbuscbloss), i, 
1006. 

and fission in cells (Meyereof), i, 
993. 

of tissues (Terroine and Roche), i, 
709. 

iron as oxygen earner in (Ellinger), 
i, 1342 ; (Warburg), i, 1481. 
effect of alkalinity of blood on (Goll- 
witzbr-Meier), i, 1 77- 
in avitaminosis and inanition (Roche), 
i, 462. 

anaerobic, in plants (Neuberg and 
Gotthchalk), i, 213. 

Bespiration apparatus for study of 
plants and soils (Ginsburg), i, 1120. 
Respiratory centre, effect of the ionic 
equilibria in blood on the (Goll- 
witzer-Meier), i, 177. 
exchange, apparatus for determin- 
ation of (Hagedorn), i, 177. 
effect of muscular exercise on ( Furu- 
sawa, Hill, Long, and Lupton), 
i, 92. 

Rhamiricogenol (Bridel and Charaux), 
1,636,690. 

Rhamnicoside (Bridel and Charaux), 
i, 621, 636, 690. 

Rhanmosan, from water-lily blossoms 
(v. Lippmann), i, 366. 

Mhammts cathartica, composition of the 
bark of ^{Bridel and Charaux), i, 

; Taoke, and' Berg), 

teofCic acid -in (0 a Jori, 
Pemberton), . i, 828. . 


Rhinmthus crista galli , changes *in, 
during growth (Braecke), i, 619. 

Bhodamines (Dutt and Thorpe), i, 140. 

Rhodanic acids, condensation of isatin 
with (Hann), i, 987. 

Rhodinol, synthesis of (Grignard and 
Escourrou), i, 772. 

Rhodium in British Guiana (Harrison), 
ii, 592. 

density of (Rose), ii, 278. 

Rhodium chloride, compound of carbon 
monoxide and (Manchot and KSnig), 
ii, 1193. 

Rhits glabra , tannin from (J. C. and 
B. L. Peacock), i, 1124. 

Rice, B-acid from husks of (Sahashi), 

i, 1520. 

Ricinine, synthesis of (Spath and 
Roller), i, 1446. 

Rickets, experimental (McCollum, 
Simmonds, Becker, and Shipley), 
i, 1366. 

defective ossification in (Robison and 
Soames), i, 462. 

effect of calcium and sodium glycero* 
phosphates and sodium dihydrogen 
phosphate on, in rats (Koren* 
chbvski and Carr), i, 464,. 
influence of piperidine in (Ederer), 
i, 869. 

mineral constituents of blood in 
(Ackerson, Bush, and Mussehl), 
i, 609. 

1 4 Rimu.” See Dacrydium cypressinum* 

Rings, formation of, in additive com- 
pounds (Hieber, Becker, and 
Wagner), i, 1325. 

four-membered, additive formation of 
(Ingold and Weaver), i, 580; 
(Ingold), i, 840. 

Ring compounds, isomerisation of (Na- 
metkin), i, 1054. 

rules for numbering (Patterson), x, 
824, 

Ring systems, fission of (Mkisenheimer), 
i, 1835 ; (Kuhn and Ebel),1, 1878. 
dieyclic, stereochemistry of (HtoKEL), 
l, 258. 

River pebbles, manganese in (Dittler), 

ii, 322. 

River water. See under Water. 

Robinm pseudacacia (locust tree), proteins 
of the bark of (Jones, Gersdorff, 
and Moeller), i, 1225* 
glucoside from (Hattori), i, 1443. 

Rochelle salt, See Tartaric acid, potass- 
ium sodium salt 

Bocks, crystallisation in magmas of 
(Dbsoh), ii, 788. 

iodine in (v. Fellenberg ; v. Fel- 

LENBERG, GeILINGER, and, 

writzer), ii, 321. 
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Rocks, igneous, equilibria in the form- 
ation of (Niggli), ii, 784. 
basic volcanic, analysis of, (Atha- 
nasiu), ii, 1207. 

Rock salt, electrical conductivity of (v. 
Rautenfeld), ii, 639 ; (v.Seelen), 
ii, 186. 

coloration of, by radium (Ludewig 
and Reuther), ii, 21. 
density of (Geiss), ii, 278 ; (DeFoe 
and Compton), ii, 646. 

See also Sodium chloride. 

Rods, thermal conductivity of (Barratt 
and Winter), ii, 756. 

fsoRosindulines, and their derivatives 
(Kehrmann and Listva), i, 1332. 

v'soRosindulinedisuIphonie acid (Aktien- 
Gesellsohaft fOr Anilin-Fabrik- 
ation), i, 591. 

Rotatory dispersion. See Dispersion, 
power and chemical constitution 
(Kenyon, Phillips, and Tur- 
ley), i, 607 ; (Kenyon and 
■Snellgrqve), i, 771 ; (Hewitt 
and Kenyon), i, 914. 
and constitution of optically active 
compounds (Rupe and Kqpp), i, 
274 ; (Rupe and Yonaesoh), i, 
499 ; (Rupe and Rinderknecht), 
i, 533. 

calculation of, from molecular 
structure (de Mallemann), ii, 
840. 

and structure of sugars (Hudson 
and Phelps), i, 8 ; (Hudson), i, 
232, 233, 514, 636 ; (Hudson 
and Kunz), i, 1043. 
effect of reading errors on constants 
of (Rinderknecht), ii, 357. 
influence of solvents on (Lucas), ii, 
742. 

of asymmetric compounds (de 
Mallemann), ii, 935. 

Rotenic acid (Takei), i, 761. 

Rotenone (Takei), i, 761. 

Rotenonone (Takei), i, 761. 

Rotbera’s reaction, effect of different 
ammonium salts in (van Urk), ii, 
162. 

Rottlerin, and its acetyl and benzoyl 
derivatives (Dutt), i, 1296. 

Rubicene, constitution of (Pummerer 
and Ulrich), i, 1269. 

Rubidium, spectrum of (Oudt), ii, 916. 
arc spectrum of (Meggers and La- 
porte), ii, 1101. 

flame spectrum of (Blecker and 
Bongers), ii, 77. 

radioactivity of (Harkins and Guy), 
ii, 1109. 

low- voltage arc in vapour of (New- 
man), ii, 829. 


Rubidium, quantum number of (Lind- 
say), ii, 467. 

Rubidium compounds, effect on, on 
respiration of cells (Rofeq andNEU- 
schloss), i, 1006. 

Rubidium ohloroplatinate, solubility of, 
in water (Archibald and Hallrtt), 
ii, 652. 

magnesium chromate, optical proper- 
ties of mixed crystals of ammonium 
magnesium chromate and (Porter), 
ii, 945. 

hydroxide, viscosity of solutions of 
(Frioke), ii, 389. 

iodide, complex compounds of stannous 
iodide and (Auger and Karant- 
assis), ii, 1182. 

stannic iodide (Auger and Karant- 
assis), ii, 814. 

Rnbyl-8-ethosulphuric acid, 9 ^'-di- 

hydroxy-, and its hydrochloride 
(Giemsa and Bonath), i, 291. 

Ruminants, effect of asparagine and 
ammonium nitrate on nitrogen metabo- 
lism of (Starzevska), i, 1115. 

Ruthenium, valency of, and its icfroxide 
and halides (Ruff and Yidic ; 
Krauss and Kukenthal), ii, 
480. 

co-ordination number of, in the 
chlororuthenates (Briggs), ii, 703. 

Ruthenium bases {ruthenium ammines ) : 
Rutheniumammine (Aoyama), ii, 816. 

Ruthenium chloride (Wohler and 
Balz), ii, 424. 

jwtfafluoride (Ruff and Yidic), ii, 
443. 

rfrihalides, compounds of carbon mon- 
oxide with (Manchot and Konig), 
ii, 149. 

oxides (WOhler, Balz, and Metz), 
ii, 149. 

Hexachlororuthenic acid, ammonium 
and potassium salts (Aoyama), ii, 
816. 

Fentachloromthenious aeid, potassium 
salt (Aoyama), ii* 816. 
Pentachloreruthenites (Gutbikb and 
Niemann), ii, 231. 

Tetraohlorodioxyruthenic acid (Ao- 
yama), i, 816. 

Ruthenium separation 
separation of platinum and (Ruff 
and Yidic), ii, 443. 

Rutile, crystal structure of (Green- 
wood), ii, 93. 

Rye, constituents of (Holtz and Mul- 
ler), i, 488. ■ . 

Rye kernels, constituents of (Jodidi and 
Wangler), i, 1224. 

Rye straw, effect of silicic acid on the 
growth of (Wiessmann), i, 488. 
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Saccharin ( o - benzoyls idphinide), deriv- 
atives of (Harding), i, 670. 
acetyl andbenzoylderivatives(HELLER , 
Bughwaldt, Fuchs, Kleinicke, 
and Kloss), i, 1324. 

Saccharinic acids (Glattfeld and Sher- 
man), i, SSI. 

Safranine colouring matters (Aktien- 
Gesellscbaft fur Anilin-Fabrika- 
tion), i, 691. 

Safraniiiedistilphdnie acid (Atkien- 
Gesellsohaft f^r Anilin-Fabri- 
kation), i, 592. 

apoSafrauone, 6-chloro-2-hydroxy- 
(Kehrmann and Schedler), i, 444. 

Safroeugenol. See 4-Ethoxyallylbenz- 
ene, 3-hydroxy-. 

isoSafroengenol. See 4-Ethoxypropenyl- 
benzene, 3-hydroxy-. 

»- and 'i'soSafroles, action of magnesium 
methyl iodide on (Kafuku), i, 1413. 

Salop manna, hydrolysis of (Pringsheim 
and Genin), i, 214. 

Salicin, hydrolysis of (Jqsefhson), i, 
1359. 

by emulsin (Bertrand and Comp- 
ton), i, 738. 

ethers, tetra-acetyl derivatives (Zemp- 
l^n and Braun), i, 1081. 

Salicxn, chloro-, tetra-acetyl derivative 
(Zkmfl&n and Braun), i, 1081. 

Salicylaldehyde, metallic salts (Zetz- 
sche, Silbermann, and Yieli), i, 
1411. 

compound of aminomalononitrile with 
(Grischkevitsch-Trochimovski 
and Semencov}, i, 1069. % 

Salicylaldehyde, 3:5-cftbromo-, Schiffs 
bases and ^-bromophenylhydrazone of 
(Brewster), i, 38. 

Salicylaldoxime ^-chlorophenyl ether 
(Bamberger), i, 143. 

Salicylic acid ( o-hydroxybenzoic acid), 
ionisation of, in alcohol-water mix- 
tures (Bradley and Lewis), ii, 
868 . 

heat of combustion of, and its use as 
a staudard (Yerkadb and Coops), 
ii, 39. 

equilibrium of phenol, water, and 
(Bailey), ii, 1064. 

salts, diffusion potentials and ionic 
mobilities of (Pride a ux and 
r Crooks), ii, 42. 
fehyjj^cyl^ijje salt (Oesper and 

to^city, and stability ; 
and Presho), i, 1501. • 


Salicylic acid (o-hydroxybenzoic acid), 
ethylene ester (Cretoher and Pit- 
TENGER), i, 1416. 

p-propenylphenyl ester (Riedel), i, 
1423. 

determination of, oxidimetrically 
(Taufbl and Wagner), ii, 1008. 

Salicylic acid, amino-, electrolytic pre- 
paration of (Norris and Cummings), 
i, 668. 

thio- and 5-thiocyano-, phthalidyli- 
dene ether esters (Kaufmann and 
Rossbaoh), i, 1273. 

6-thiol- (Kaufmann and Rossbaoh), 

i, 1273. 

Salicylic acids, substituted (Kaufmann 
and Rossbaoh), i, 1273. 

Salicylosalicylic acid, quinine salt 
(Merok & Co.), i, 1448. 

Salicyluric acid, synthesis of, in the 
organism (Baldoni), i, 330, 
in urine (Drzimal), i, 99. 

3-Salicylylpropionic acid, a-cyano- 
(Baker and Lapworth), i, 30. 

Saligenin, esters and ethers, anaesthetic 
and anti-spasmodic action of (Jensen 
and Hirschfelder), i, 467.. 

Saliva, effect of halides and other sub- 
stances on the diastatic activity of 
(Clifford ; Walker), i, 738. 
calculus from (Petrou), i, 725. 

Salivary glands, formation of lactic and 
phosphoric acids in (Schmitz and 
Chrometzka), i, 859. 

* * Salluen, *? effect of, in syphilis ( Bering ), 
i, 858. 

Salts, emission of particles by heated 
(Sohmidt), ii, 251. 
corpuscular radiation from (Yolmer), 

ii, 7. 

electrolysis of equimolar mixtures of 
(Saxon), ii, 984. 

paramagnetism of (Cotton-Feytis), 
ii, 945. 

heats of solution and dilution o 
(WtJsT and Lange), ii, 976, 
solubility, heat of solution and lattice 
energy of (Butler), ii, 39. 
vapour pressure of aqueous solutions 
of, from the depression of the 
freezing point of nitrobenzene 
(Sidgwick and Ewbank), ii, 38. 
absorption of, by tissues ( Stiles ), ii, 31. 
hygroscopicity of (Soboorl), ii, 400. 
hydration of, and their effect on the 
vapour pressure of water (Sidgwick 
" and Ewbank), ii, 38. 
deliquescence of (Scheringa), ii; 296. ; 
liquid-crystalline properties of acids, 
esters, and ( Yorlanber), i, 267. 
decomposition of, by colloids (HUm- 
melchbn and Happen), i, 218. 
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Salts, bi-bivalent, solubility of, in solu- 
tions containing a common ion 
(Walker), ii, 769. 
coloured, rhythmic precipitation of, in 
gels (Riegel and Widgoff), ii, 863. 
complex, magnetic properties and 
valency of (Welo and Baudisch), 
ii, 1031. 

fused, boiling point of (Lorenz and 
Herz), ii, 276, 

thermal expansion of (Lorenz and 
Herz), ii, 950. 

equilibria in { Jellinek and W olff), 
ii, 974 ; (Jellinek), ii, 1160. 
equilibria of metals with (Lorenz), 
ii, 536, 537. 

polyatomic, dissociation of (Sasaki), 
ii, 399. 

solid, electrical conductivity of, at 
high temperatures (Vaillant), 
ii, 40. 

uni-univalent, conductivity of, in 
methyl alcohol (Frazer and 
Hartley), ii, 1163. 

See also Metallic salts. 

Salt solutions, effect of capillary-active 
substances on the surface tension of 
(Srith), ii, 961. 

mixed, solubility and heats of solution 
of (Mondain-Monval), ii, 654. 

Salt vapours, ionisation of (Kondha- 
t&ev), ii, 615. 

Salting-out effect (Lindekstbom- 
Lang), ii, 30; (Hafner and 
IC&rthy), ii, 283. 

Salvarsan {arsphenamme), isoelectric 
point of (Hunter and Patrick), 
i, 1106. 

sulphur content of, and its synthesis 
and toxicity (Christiansen, 
Norton, and Sbohan), i, 1471. 
and its derivatives, distribution of 
arsenic in the body after injection 
of ( Fordyce, Rosen, and Myers), 
i, 189. 

action of, in vitro and in mvo 
(Schumacher), i, 733. 
silver compound of (Myers and 
Corbitt ; Cornwall and 
Myers ; Fordyce, Rosen, and 
Myers), i, 611. 

aud its derivatives (Binz, Bausch, 
and Urbschat), i, 1195. 
determination of arsenic in (Kircher 
and v. Rufpert), ii, 240. 

Samarium, Rontgen ray spectrum of 
(Gleditsch and Botolfsen), ii, 612. 

Sand cultures, effect of silica on the 
yield of plants in (Duchon; Lem-; 
mermann), i, 767. 

Sandstone, weathering of (Klandek), 
ii, 821, 


Sanguinarine (Gadamer and Stiohel), 
i, 286. 

Santonin, action of, on blood sugar 
(Stasiak), i, 1501. 

desmotropoSa.'Rtonm, action of iodine on 
(Bertolo), i, 546. 

Sapindws mukorossi and saponaria, 
sapogenin from (Jacobs), i, 1028. 

Sapogenin, and its derivatives, from 
soap nuts (Jacobs), i, 947. 

Saponins (VAN der Haar), i, 50, 946 ; 
(Jacobs), i, 947, 948, 1028. 
dialysis of (Kofler and Wolken- 
berg), i, 1519. 

toxicity of, and their detoxication 
by cholesterol (Kofler and 
Schrdtka), i, 1501. 

Sarcosine, preparation of the ester of 
(Staudt), i, 1133. 

anhydride (Abderhalden and 
Komm), i, 175. 

Scabiosa mccisa, constituents of leaves 
of (Wattiez), i, 1521. 

Scandium, spectrum of (CatAlIn), ii, 
724. 

magnetic resolution of the spectrum of 
(Goudsmit, van der Mark, and 
Zeeman), ii, 912. 

arc spectrum of (PiNa de Rubies), 
ii, 829. 

arc and spark spectra of (Meggers), 
ii, 77. 

ultra-violet spark spectrum of 
(I reton), ii, 453. 

Scandium carbide (Fribdbrich and 
Sittig), ii, 705. 

nitride (Friedreich), ii, 374; 
(Friederioh and Sittig), ii,. 420. 

Schiff’s bases, bromine additive com- 
pounds of (Berg), i, 817. 

Schoepite, structure and analysis of 
(Schoep), ii, 235. 

Scleroproteins (Stary and Andrat- 
schke), i, 1480. 

Scopolamine iV-oxide, and its derivatives 
(Polonovski and Polgnovski), i, 829. 

Scopolicii sterol from roots of (Windaus 
and Rrunkbn), i, 108. 

Scurvy (Liotta), i, 1365. 
biochemistry of (Palladin ; Palladin 
and Kudrjavzeva), !, 330. 
calcium and creatine excretion and 
enzymes of blood in (Palladin and 
Kudrjavzeva ; Palladin and 
Normark; Palladin and Savron), , 
i, 461. 

iron in blood iu . (Modrignand, 
Leulier, and Michel), i, 330. 
blood of guinea-pigs with (Leffer 
and Zilva), i, 1208. 

Scymnus licha, hydrocarbons from 
(Andr 36 and Canal), i, 1373. 
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Sea water, See under Water. 

Seal, blood of. See Blood, 

Secretin and insulin (Penau and 
Simonnet), i, 482. 

Sedimentation, recorder for measuring 
distribution of particles in (Lambert 
and Wightman), ii, 1194. 

Seeds, hydrogen-ion concentration in 
(N&mec), i, 871. 

effect of, on hydrogen-ion concentra- 
tion and reaction of nutrient 
solutions (Rudolfs ; Hoagland), 

i, 1368. 

selective adsorption of ions by 
(Rudolfs), i, 1367. 
symbiosis of bacteria and (Fowler 
and Christie), i, 344. 
germination .of (Blagovesohenski ; 
Fodor and Reifenberg), i, 756. 
effect of carbon dioxide on 
(Schmidt), i, 758. 
action of photocatalysers on 
(Neithammer), i, 1023. 
effect of water and salt solutions on 
(Rudolfs), i, 1120. 
formation of vitamin-^ during 
(Stepp), i, 1220. 

dried, peroxydases in (Cqupin), i, 
615. 

germinating* alkaloids in (Sabalit- 
SOHKA and JUNGERMANN), i, 
1223. 

oxidation of , amino-acids in 
(Oparin), i, 1518. 
formation of vitamin-D in (Stepp), 
i, 1221. 

Selenium, atomic weight of (Bruylants, 
Lafortune, and Verbruggen), ii, 
174. 

photo-electric emission of (del Regno), 

ii, 81. 

effect of light on the thermoelectric 
power of (Holmes), ii, 811. 
effect of light on thermal conductivity 
of (Martin), ii, 1117. . 
crystal structure of (Slattery), ii, 
869 . 

optical- constants of crystals of 
(Midler), ii, 751. 

hydrosols, coagulation of, by electro- 
lytes (Doolan), ii, 298. 
as carrier in chlorination (0. and C. A. 
SlLBBRRAD), ii, 1191. 

Selenium compounds, acid nature of 
(Karyis), ii* 1188. 

m respiration of cells (Roffo 
a^l,ffrasCHLo$s), i, 1006. 

bromide and chloride, prepar- 
' Of (LMBE&-- and . Kao), ii, 

§1 steotrical conductivity of 


Selenium dioxide, molecular weight of, 
in ethyl alcohol ( Pride aux and 
Green), ii, 96. 

additive compounds of, with halogen 
acids (Muehlberger and Len- 
her), ii, 890. 

Selenious acid, dissociation constants 
of (Willcox and Prideaux), ii, 
867. 

Selenic acid, and its salts (Lenher 
and Weohter), ii, 815; (Len- 
her and Kao), ii, 817. 
preparation of (Manchot and Wirz- 
MAller), ii, 319. 

Selenates, double hydrated, dis- 
sociation pressures of (Ferguson), 
ii, 1063. 

Selenides, preparation of (Moser and 
Atynski), ii, 583. 
electrolytic preparation of (Fischer), 
ii, 808. 

Selenium determination and separ- 
ation:—* 

determination of, and separation from 
tellurium (Lenher and Kao), ii, 
434. 

separation of tellurium and (Lenher 
and Kao), ii, 1199. 

Selenocyanogen (Birokenbach and 
Kellermann), ii, 569. 

Semecarpus anacardium (marking nut), 
constituents of (Naidu), i, 1224. 

Semen, spermine phosphate from 
(Rosenheim), i, 180. 

Semicarbazide sulphate, electrolytic 
preparation of (Biroher, Ingersoll, 
Armen dt, and Cook), i, 525. 

Semicarbazide, thio-, action of aromatic 
amines on (Mazourevitsch), i f 
984. 

condensation of w-bromoaceto- 
phenone with (Bose), i, 167. 

Semicarbazides, thio-, condensation of 
«-bromoacetopbenone with (Bose), i, 
1465. 

Semicarbazonefl, action of amines on 
(Wilson and Crawford), i, 318. 
action of hydrazines on (Sutherland 
and WrLSON), i, 42, 

Semioxamazide, derivatives of (Wilson 
and Pickering), i, 935. 

f-Semitruxinonic acid, and its deriv- 
atives (Stoermer and Klockmann), 
i, 928. ; 

Sera, antimeningococcal, flocculation of 
(de la Riviere and Roux), i, 749, 
nonnal and luetic, chemical composi- 
tion of (Solari), i, 858. 

Seriein, preparation of, .from silk 
(Shelton and Johnson), i, 602. 

oV Serine, derivatives of (Bergmann 
and Miekeley), i, 235. 
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Serum, effect of irradiation on (Kroetz), 
i, 178. 

electrical conductivity of (Lasseur, 
Girardet, and Yermelin), i, 853. 
effect of alcohols or acetone on physical 
properties of (FUrth and Pech- 
hold), ii 5 1056. 

complement activity of (Whitehead, 
Gordon, and Wormall), i, 1202. 
solubility of the globulins of (Soren- 
sen), i, 1110. 

proteins of (Leendertz), i, 96. 
precipitation of (Csap 6 and v. 
Klobusitzky), i, 178; (Rusz- 
czynski), i, 322. 

- precipitin reactions of (Hektoen 
and Welker), i, 323. 
calcium content of (Csap6 and 
Faubl), i, 96. 

in children, acid-combining power of 
(BosInyi and Osap 6), i, 188. 
determination of phosphates in 
(Essinger and Gyorgy), i, 178. 
determination of sodium in (Kramer 
and Gittleman), i, 180. 

Serum-albumin. See under Albumin. 

Sesquiterpene, 0 15 H a5 , and its hydro- 
chloride from Canarium strictum 
(Moodgill), i, 823. 

Sesquiterpenes, from extracts of the 
cotton plant (Power and Chesnut). 
i, 1026. 

ring formation in (Ruzicka and 
Capato), i, 948. 

action of formic acid on (Robertson, 
Kerr, and Henderson), i, 1293. 

Shaking apparatus (Milligan), ii, 150. 

Shale oil, Kimmeridge, sulphur com- 
pounds of {Challenger, Jinks, and 
Haslam), i, 282. 

Shark liver oil, higher alcohols of (Toy- 
ama), i, 4. 

Sheep, bile of. See Bile, 
excretion of creatine and creatinine by 
(Palladin), i, 327. 

Shihuol, constitution of (Komatsu and 
MatsuNami), i, 950. 

Shrimp. See Peneus setiferus. 

Silage, composition of, and its value 
as a farm food (Blackshaw), i, 
1523. 

Silane, formation of (Schwarz and 
(Hoefer), ii, 418. 

Silex, hydrocarbons and carbonates in 
(de Lapparent), ii,. 821. 

Silica. See Silicon dioxide. 

Silicododecatungstic acid, and its salts 
(North and Beal), ii, 607. 

Silicohydrocarhons, complex (Kipping), 
i, 87. 

Silicon, atomic weight of (H6 nigschmid 
and Steinheil), ii, 174. 
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Silicon, spectra of (McLennan and 
Shaver; Fowler), ii, 452; (Lang 
and Smith), ii, 829 ; (MoQtjarrie), 
ii, 1013. 

singly ionised, spectrum of (Saha), 
ii, 1100. 

spectral frequencies of (Holweck), 
ii, 336. 

critical potential of (Holweck), ii, 
729. 

radio detector action of (Czqchralski), 
ii, 642. 

sizes of electron-kernels of aluminium, 
magnesium, sodium, and (Turner), 
ii, 349. 

Silicon alloys with aluminium (Par- 
ravano and Soortecoi), ii, 281. 
with carbon and iron (Becker), ii, 
973. , 

with molybdenum and nickel 
(Pfautsch), ii, 298. 

Silicon nitride, spectrum of (Mulliken), 
ii, 731, 1020. 

dioxide (silica), phosphorescence of, 
exposed to Rontgen rays (Hop- 
wood and Mayneord), ii, 839. 
effect of temperature on the hygro- 
scopicity of (Aarniq), ii, 1157. 
adsorption of acids by (Jones), ii, 
382, 509 ; (Mbkherjee), ii, 383, 
962. 

gels, adsorption by (Ray), ii, 191 ; 
(Patrick and Jones), ii, 193 ; 
(Patrick and Opdyckb), ii, 
656. 

adsorption of butane by (Patrick 
and Long), ii, 382. 
ad sorption of gases by (Patrick), 
ii, 509. 

adsorption of water by (Patrick 
and Eberman), ii, 284. 
heats of adsorption of sulphur di- 
oxide and of water vapour by 
(Patrick and Greider^u, 870. 
effect of water on dried and pressed 
(Bhatnagar, Prasad, and 
Ohri), ii, 966. 

reducing action of hydrogen ad- 
sorbed by (Latshaw and 
Rbyersqn), ii, 412. .. 
new type of (Holmes and Ander- 
son), ii* 518; 

. equilibrium of calcium and sodium 
metasilioates and (Morey and 
Bowen), ii, 1161. 
equilibrium of sodium metasilicate 
with (MLqrley and Bowen), ii, 
121 . - 

polymorphism of (Longohambon), 
ii, 752. 

possible dynamic form of (v. Wei- 
marn), ii, 395. 
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Silicon dioxide [silica), action of, on 
electrolytes (Joseph), ii, 383. 
reactions of metals and gases on 
vessels of (v. Wartenberg), ii, 
699. 

surface devitrification of vessels of 
(Vilbrandt), ii, 1091. 
role of, in jflant growth (Nanji and 
Shaw), i, 214; (Lemmermann, 

. Wiessmann, and Sammet), i, 
766 ; (Duchon *, Lemmermann ; 
Densch), i, 767. 

Silicic acid gels, preparation and pro- 
perties of (Fells and Firth), 
ii, 390. 

sols (Pauli and Valko), ii, 521 ; 
(Kruyt and Postma), ii, 861. 
preparation of (Grundmann), ii, 
775. 

effect of, on plant growth and soils 
(WlESSMANN ,* NoLTE ; MUKHKR- 
JEE), i, 488. 

Silicic acid, detection of (Lorenz and 
Bergheimer), ii, 600. 

Silicic acids (Schwarz and Manner), 
ii, 222. 

Silicates (Eltel ; Tammann and 
Grevemeyer), ii, 580. *• 
structure of (Dominikiewicz), ii, 
1036. 

properties and uses of sols and gels 
of (Vail), ii, 661. 

colloidal, oxydase-like activity of 
(Ota and Noba), ii* 203. 
fused, behaviour of gold and platinum 
with (Jandbr), ii, 416. 
mineral, constitution of (Iskyul), 
ii, 152. 

natural, constitution of (Ridley), 
ii, 1130. 

determination of ferric iron in 
(Haokl), ii, 1004. 
separation of alkalis in analysis of 
(Cantoni), ii, 1001, 

Silicon organic compounds (Kipping), 
i, 87; (Vylb and Kipping), i, 
172. 

Silk, use of, in the animal organism 
(Abderhalden), i, 726. 
weighting of, with stannic chloride 
( Fichte r and Reichart), ii, 193- 
viscose, plasticity of (Venable), ii, 
1058. 


Silk fibroin, distillation of (Johnson 
and Dasohavsky), i, 176. 
v hydrolysis ot the peptone of (Hat- 
ano), i, 201. 

|: ^v ^ ptophan from (Hiratsuka), i, 836. 

formation of mullite from 

Sfertteture of' 'mullite and 
|^^gg^|f^nd' : .DAYEY},.ii, 1127. 


Siloxen, reaction of halogen compounds 
with (Kautsky and Thiele), ii, 
668 . 

Silver, atomic weight of (Dean), ii, 
255 ; (Moles), ii, 346. 

JTh absorption in spectrum of 
(Richtmyer and Spencer), ii, 
1102. 

arc spectrum of (Lowery), ii, 4; 
(Shenstone), ii, 453 ; (Bengtsson 
and Svrnsson), ii, 166. 
spark spectrum of (L. and E. Bloch), 
ii, 829. 

ultra-violet absorption spectrum of 
(Zumstein), ii, 453. 
effect of temperature on the anomalous 
reflexion of (de S&linoourt), ii, 
275. 

X-ray absorption coefficient of 
(Warbtjrton and Richtmyer), ii, 
1103. 

photo-electric sensitivity of (Suhr- 
mann), ii, 831, 

production of optical activity in 
(Zocher and Coper), ii, 935. 
electro-deposition of (Sanigar), ii, 
67 7. 

atoms, free path of, in nitrogen 
(Bielz), ii, 668. 

films, emission of electrons from, ex- 
posed to Rontgen rays (Simons), ii, 
81. 

atomic heat of, at high temperature 
(Magnus and Hodler), ii, 95. 
adsorption of, by hydrated manganese 
dioxide (PaVlov), ii, 507. 
partition of, between lead and zinc 
(Naish), ii, 506. 

solubility of oxygen in (Parravano 
and Malquori), ii, 769, 879. 
solubility of, in water (K&epelka and 
Toul), ii, 697. 

ions, equilibrium of, with ferrous ions 
(Tananaev), ii, 121. 
in photography (Luppo-Cramer), ii, 
985. 

colloidal, preparation of (MorIvek), 
ii, 775. 

colour of (Feiok), ii, 1153. 
dispersoid sols of (v. Weimarn), 
ii, 198. 

medicinal preparations of (Sohleb 
and Thiessenhusen), i, 197 ; ii, 
114. 

sols, protected, preparation and pro- 
perties of (Garard and Puck- 
ers), ii, 391. 

analysis and constitution of (Fried 
and Pauli), ii, 390. 
action of arsenious sulphide sols 
ou (Freundlioh and Moor), ii, 
198. 
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Silver alloys, effect of various metals 
on the properties of (Saeftel and 
Sachs), ii, 1051. 

with cadmium, electro-deposition of 
(Aten and van Putten), ii, 1166. 
with lead, electrolysis of (Kremann 
and Benda), ii, 679. 
with mercury (Tammann and Stass- 
furth), ii, 377. 

with mercury and tin (Tammann and 
Dahl), ii, 502. 

with zinc, Rontgen ray analysis of 
( Westgren and Phragm#n), ii, 746. 

Silver salts, therapeutic properties of 
(v. Neergaard), i, 1212, 1357. 

Silver azide, action of bromine on 
(Spencer), ii, 416. 

arsenate and phosphate, crystal struc- 
ture of ( Wyckoff), ii, 1037. 
uranyl carbonate (Hedvall), ii, 991. 
bismuthide (Weeks and Drtjce), ii, 
1188. 

bromide, ultra-violet light required to 
develop (Helmick), ii, 143. 
photographic emulsions of, and the 
action of light (Baker ; Lupro- 
Cramer ; Stock), ii, 574. 
photochemical decomposition of 
(Hartung), ii, 57. 

carbonate, thermal decomposition of 
(Centnerszwer and Britos), ii, 
803. 

^rchlorate, compounds of pyridine, 
water, and (MACY),ii, 536. 
chloride, solubility of, in chloride 
solutions (Kendall and Sloan), 
ii, 1052. 

mired crystals of sodium chloride 
and (Le Blano and ROssler), ii, 
365 ; (Broom# ; Tammann), ii, 
366. 

gelatino-halides, properties of (Rbych- 
ler), ii, 219. 

halides, photoelectric properties of 
(Audubert), ii, 56. 
photomagnetic properties of (Gar- 
rison), ii, 371. 

photochemistry of emulsions of 
(Eggert and Nod1>aok), ii, 573. 
change in mass of, on illumination 
(Koch and Kreiss), ii, 810. 
hydroxide, precipitation of, electro- 
metrically (Britton), ii, 1204. 
iodide in; photo-electric cells (Garri- 
son), ii, 212 j (Price), ii, 680. 
adsorption of silver salts by (Beek- 
ley and. T aylor), ii, 855. 
hydrosols ( Lottermoseb, Seifert, 
and Forstmann), ii, 514. 
nitrate, equilibrium of cupric hydr- 
oxide, water, and (Malqdori), ii, 
697. 


Silver oxide, solubility of, in water 
(Remy and Kuhlmann), ii, 119. 
oxides (Jiesa), ii, 314. 
higher oxides of (Jirsa), ii, 1162 ; 
(Jirsa and Jelinek), ii, 1182. 

Silver organic compounds : — 

Silver salvarsan (Myers and Cor- 
bitt ; Cornwall and Myers ; 
Fordyce, Rosen, and Myers), i, 
611; (Binz, Bausch, and Urb- 
sohat), i, 1195. 

Silver detection, determination and 
separation : — 

detection of (Steigmann), ii, 719. 
determination of (Doughty), ii, 238. 
separation of, by irradiation of photo- 
graphic plates (Koch and Vogler), 
ii, 941. 

Sinapis alba , hexamethylenetetramine 
as a nutrient for (E. and G. Nicolas), 
i, 623. 

Sincosite (Schaller), ii, 152. 

Sirius-yellow Gr. See 1;2-Benzanth- 
raquinone. 

Sitostene, nitro- (Windaus and Brun- 
ken), i, 394. 

Sitosterol (Windaus and Brunken), i, 
394. 

Skatole, determination of, in bacterial 
cultures (Fellers and Clough), i, 
1015. 

Skin, osmosis of boric acid through 
(Kahlenberg), i, 101. 
hydrolysis of (Merrill), i, 92. 
enzymes of ( W ohlgemuth and Klop- 
stock), i, 203 ; (Wohlgemuth and 
Yamasaki), i, 472. 
absorption of potassium iodide by 
(Canals and Gidon), i, 1116. 
extraction of proteins from (Pinebs, 
Miller, ana Alles), i, 331. 
substance giving the nitroprusside 
reaction in (Kaye), i, 180. 

Sklodowskite (Sohoep), ii, 235. 

Sky, blue colour of (Buohwald), ii, 
1117. 

Smectic compounds, structure of 
(Friedel), ii, 186, 272. 

Smell, determination of thresholds of 
(Hofmann and Kqhlrausch), i, 
732. 

Soaps, Rontgen ray structure of (Tril- 
lat), ii, 752. 

as protective colloids (Papaconstan- 
TINOU), ii, 393, 526 ; (Bhatnagar, 
Prasad, and Bahl), ii, 1155, 
calcium, solubilities of (Harrison), 
ii, 190. 

Soap films, composition of (Laing), ii, 
•960. 

in emulsions (Rieman and van deb 
Meulen), ii, 1148. 
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Soap solutions, viscosity of (Yajnik and 
Malik), ii, 779. 

viscosity and elasticity of (Freund- 
lich and Kores), ii, 663. 
colloidal properties of (Gurvitsch), ii, 
517. 

alcoholic, ionisation in (Patrick, 
Ryden, and Milan), ii, 859. 
Sodamide, syntheses 'with (Haller, 
Bauer, and Ram art), i, 260. 
Sodiocyanoc^cfohexanone (v. Auwers, 
Bahr, and Fbese), i, 309. 

Sodium, molecular weight of ( Joun iaux) , 
ii, 187. 

absorption spectrum of (Harrison 
and Slater), ii, 911. 

JT-absorption spectrum of (Robinson), 
ii, 614. 

arc spectrum of (v. Wisniewski), ii, 
451. 

at low voltages (Newman), ii, 
723. 

band spectrum of, and of mixtures of 
the vapour with potassium vapour 
(Smith), ii, 86. 

series spectrum of the vapour of 
(Harrison), ii, 5. 

vapour, low voltage arcs in (Newman), 
ii, 450. 

electrical double refraction of 
(Ladenburg and Kopfermann), 
ii, 917. 

inverse Stark effect in (Ladenburg), 
ii, 79. 

photo-emission from (Burt), ii, 
617. 

life of excited atoms of (Gerlach and 
ScHtfTz), ii, 171. 

atoms, transition probabilities in 
(Harrison), ii, 734. 
sizes of electron-kernels of aluminium, 
magnesium, silicon, and (Turner), 
ii, 349. 

deposition of, by electrolysis through 
glass (Burt), ii, 921, 
resonance radiation, polarisation of, 
in magnetic fields (Ellett), ii, 
628 ; (Breit), ii, 629. 
vapour pressure of (Rodebush and de 
Vries), ii, 1142. 

equilibrium between alkaline earth 
metals and, and their fused chlorides 
(Jbllinek and Czerwinski), ii, 

0 , m : /. . 

ions, action of, on the heart 
. . (HolzlOhNER), i, 1500. 

with aromatic aldehydes, 
j|gg ketones,, and esters (Rligke), i, 37, 

g between potassium 1 and, 
^ammonium oxalate 


Sodium alloys with lead, electrolysis of 
(Kremann, Krenzl, and Markl), 
ii, 132. 

with mercury, preparation of (Read 
and Lucarini), ii* 587. 
electrolysis of (Kremann, MAller, 
and Kjenzl), ii, 132. 
interfacial tension between benzene 
and (Bhatnagar, Prasad, and 
Mukerji), ii, 194. 
effect of light on the action of water 
with (Bhatnagar, Prasad, and 
Mukerji), ii, 811. 

with mercury and 2 inc, velocity of 
reaction of aqueous solutions with 
(Ki^ein), ii, 802. 

with potassium, electrolysis of (Kre- 
mann and v. Rehenburg), ii, 132. 

Sodium antimonite and sulphite, slow 
oxidation of (Jorissen and tan 
den Pol), ii, 52. 

arsenite, combination of, with loosely- 
combined nitrogen, oxygen, and 
sulphur (Gutmann), x, 1059. 
action of, on azido compounds (Gut- 
man), i, 84. 

reactions of, with halogen organic 
compounds (Gutmann), ii, 238. 

azide, action of bromine-on (Spenoer), 
ii, 416. 

borate, use of, in determination ot 
acids and bases (Mellon and Mor- 
ris), ii, 325. 

carbonate, equilibrium of sodium 
sulphate, water, and (Caspari), 
ii, 123. 

action of, on phosphates (Colani), 
ii, 1001. 

hydrogen carbonate, dissociation of 
(Rang), ii, 414. 

equilibrium of hcemoglobin and 
(Adair), i, 850. 

potassium carbonates (Bain), ii, 577. 

caseinate, equilibrium of solutions of 
sodium chloride and (Sporing), ii, 
119. 

chloride, absorption spectrum of photo- 
electric crystals of (Gyulai), 
ii, 837. 

photo-electric properties of crystals 
of (Guddbn and Pohl), ii, 343 ; 
(Gyulai), ii, 476, 

electrical conductivity of solutions 
of (Lorenz and Voigt), ii, 871. 
activity coefficient of (Scatohard), 
ii, 397. 

dispersion of (Herzfeld and Wolf), 
ii, 1119. 

transference numbers of, and its 
mixtures with potassium chloride 
(MaoInnes), ii, 872; (Dewey) 
ix, 873. 
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Sodium chloride, surface tension and 
adsorption of aqueous solutions 
of (Harkins and McLaughlin), 
ii, 959. 

strength and elasticity of crystals 
of and Lewitsky), ii, 

370 ; (Ewald and P6lAnyi), 
ii, S7L 

mixed crystals of silver chloride and 
(Le Blanc and BSsslerVu, 365 ; 

( Brooms ; Tammann), ii, 366. 
equilibrium of magnesium sulphate 
with (Kurnakov and Shemt- 
schushni), ii, 299. 
equilibrium of solutions of sodium 
caseinate and (Sporing), ii, 119. 
equilibria of sodium palmitate, 
water, and (MoBain and Lang- 
don), ii, 537. 

equilibrium of sodium sulphate, 
water, and (Pelling), ii, 670. 
interaction of alumina and (Clews), 
ii, 577. 

effect of, on solutions of chromic 
chloride (Gustavson), ii, 1086. 

See also Rock salt. 

bichromate, reaction of potassium 
chloride with (Robertson), ii, 
121 . 

dithionate, detection and determin- 
ation of (Littkrsoheid and LOw- 

ENHEIM), ii, 68. . 

hydroxide, activity coefficient of 
(Earned), ii, 397, 398. 
fused, electrical conductivity ol 
(Arndt and Ploetz), ii, 127. 
solubility of cellulose in (D’Ans and 
Jageb), i, 1387. 

equilibrium of chromium hydroxide, 
chromite, and (Miller), ii, 124. 
equilibrium of lead hydroxide, 
plumbite, and (Miller, Rbibs- 
mann, and Ballin), ii, 125. 
equilibrium of sodium sulphite, 
water, and (Hammiok: and Cur- 
rie), ii, 869. 

hypochlorite, induced antiseptic action 
of (Varilla and Techoueykes), 

i, 863. 

hyposulphite, reducing action of, on 
dyed cotton (Iymer), ii, 582. 
use of, in organic analysis (Clark), 
ii, 332. 

nitrate, equilibrium of sodium sulph- 
ate, water, and (Foote), ii, 786. 
nitrite, freezing point curve of aqueous 
solutions of (Helberg), ii, 971. 
rhodizonate, detection of barium, lead, 
and strontium with (Kolthoff), 

ii, 1095. • 

silicates, aqueous solutions of (Har- 
man), ii, 1065. 


Sodium aluminium silicate, crystalline 
forms of (Bowen and Greig), ii, 
997. 

chromosilicate, synthesis of (Karfiol), 
ii, 1087. 

metasilicate, equilibrium of silica with 
(Morey and Bowen), ii, 121. 
equilibrium of silica, calcium meta- 
silicate, and (Morey and Bowen), 
ii, 1161. 

sulphate as a cryoscopic solvent (Tur- 
ner and Patterson), ii, 273. 
equilibrium of sodium carbonate, 
water, and (Caspari), ii, 123. 
equilibrium of sodium chloride, 
water, and (Pelling), ii, 670. 
equilibrium of sodium nitrate, 
water, and (Foote), ii, 786. 
double decomposition of ammonium 
borate and (Sborgi and Bova- 
lini), ii, 206 ; (Sborgi, Bovalini, 
and Medici ; Sborgi), ii, 207. 

moTiesulphide, crystal structure of 
(Claassen), ii, 845. 

Zetfrasulphide, action of, on organic 
halides (Thomas and Riding), i, 113. 

sulphides, behaviour of, in water and 
alcohol (Hodgson), i, 1104. 
reactions of, with chloronitrobenz- 
enes (Hodgson and Wilson), i, 
532. 

sulphite (Foerster, Brosche, and 
Norbbrg-Sohulz), ii, 120. 
equilibrium of sodium hydroxide, 
water, and (Hammiok and Cur- 
rie), ii, 869. 

thiosulphate, keeping properties of 
standard solutions of (Collard), 
ii, 1168. 

catalysis of the reaction of ferric 
chloride with (Holluta and 
Martini), ii, 215. 

tungstate, equilibria of, with lithium 
tuugstate and tungsten trioxide 
(van Liempt), ii, 421. 

Sodium organic compounds 

Sodium diethyl phosphite (NylEn), 
l, 1135. 

Sodium detection, determination, and 
separation : — 

detection of, as oxalate (Winkler), 
ii, 1095. 

determination of {v. Dehn), i, 855. 

determination of, iodometrically 
(BAlint), ii, 158. 

determination of, in aluminium (Fair- 
lie and Brook), ii, 241. 

determination of, in blood (Hagen), 
i, 1112. 

determination of, iodometrically, in 
serum (Kramer and Gittleman), 
i, 180. 
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Sodium detection, determination, and 
separation : — 

determination of, in blood serum 
(Lebermann), i, 324. 
determination and separation of 
(Smith and Ross), ii, 601. 

Soils, mechanical composition curves of 
(Robinson), i, 224. 
physical properties of (Haines), i, 
876. 

heat of wetting of (Bouyoucos), i, 
1228. 

influence of bases on (Pate), i, 
1528. 

heat of wetting of colloids in ( And Eli - 
son), i, 219. 

relation between vapour pressure and 
water content of (Puri, Crowther, 
and Keen), i, 492. 

acidity of (Kappen), i, 221, 874 ; 
(Densch), i, 221 : (Tacke ; Ra- 
mann), i, 875 ; (Kurckmann), 
i, 1032 ; (Hissink and van der 
Spek ; Niklas and Hock ; 
Bobko and Druschinin ; Ar- 
rhenius), i, 1525. 
effect of drying on (Rost and 
Rieger), i, 348. 

effect of silicic acid on (Mukher- 
jee), i, 488. 

in relation to base exchange (Robin- 
son and Williams), i, 222. 
effect of, on absorption of phos- 
phorus and potassium from 
(NfrMEO and Gracanin), i, 1228. 
relation between the hydrogen-ion 
concentration, lime requirement, 
and thiocyanate colour of (Saint), 
i, 220. 

effect of hydrogen-ion concentration 
on micro-organisms in (Rippel), i, 
220 . 

reaction of (Orowther), i, 875 ; 

(Crowther and Martin), i, 876. 
alkalinity in relation to lithological 
constitution of (Pratolongo), i, 
874. 

base exchange in (Hissink), i, 222. 
adsorption of ammonium chloride by 
(Pavlov), ii, 287. 

adsorption of anions from solutions by 
(Comber), i, 219. 

adsorption of colouring matters by 
(Wilkinson and Hoff), i, 1227. 
moisture in (McCool and Weide- 
MANN), i, 1527. 

saturation capacity of (Hissink), i, 
490. 

fixation of water in (Wiegner, Gal- 
xary, and Gessner), ii, 86. 
percolation of water through (Wint- 
-^Ul527. 


Soils, dispersion of, when shaken with 
water (Puri and Keen), i, 768. 
relation of biological processes to con- 
centration of cations in (Burd), 
i, 1527. 

cation of dilute acids on (Puri), i, 
1372. 

aluminium in (Magistad), i, 1371. 
displacement of aluminium by potass- 
ium in (Smolik), i, 1032. 
volatilisation of ammonia from 
(Clarke and Morison), i, 491. 
ammonificatioh of amino-nitrogen in 
(Guittonneau), i, 106. 
action of calcium carbonate on (Gehr- 
ing and Wehrmann), i, 1031. 
formation of carbon dioxide in (Lem- 
mermann and Wiessmann), i, 348 ; 
(Reinau), i, 1526. 

clays as colloids in (Joseph), i, 
1228. 

colloids in (Robinson and Holmes), 
i, 624 ; (Powell), i, 1Q32. 
in relation to fertility (Joffe and 
McLean), i, 1372. 

lime requirements of (Arrhenius), 
i, 490, 766 ; (Crowther and Mar- 
tin), i, 876 ; (Niklas and Hock), 
i, 1526. 

interactions of lime in (Scheffer), 
i, 624. 

lime and calcium carbonate in (Ra- 
mann; Blanck and Lohmann), 
i, 223 ; (Blanck and Scheffer), 
i, 491. 

occurrence of metals in (McHargue), 
i, 1023. 

formation of nitrates in (Russel, 
Jones, and Bahrt), i, 1031; 
fixation of nitrogen in (Vinogradski), 
i, 623 ; (Winters), i, 767 ; (Truf- 
faut and Bezsbonoff), i, 1227. 
accumnlatiou of nitrates in, after 
growth of clover or lucerne (Lyon, 
Bizzell, and Wilson), i, 847. 
phosphorus requirements of (van der 
Spuij), i, 1524. 

availability of phosphorus in (Ames 
and ScholLenberg), i, 1524. 
addition of phosphorus nitride to 
(Allison), i, 218. 

potassium salts in (ASies and Simon j 
Praps), i, 1523. 

effect of sodium nitrate in (Anon.), 
i, 847. 

effect of addition of straw to (Mar- 
tin), i, 1372. 

sulphofication in (Kalushski), i, 492. 
sulphur as a fertiliser for (Kalushski), 
i, 492. 

urea in (Brioux), i, 491 ; (Couturier 
and Perraud), i, 765. 
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Soils, decomposition of urea in (Lit- 
tauer), i, 218. 

microbiology of (Vinogradski), i, 
766. 

inoculation of, with Azotdbacter (Lip- 
man and Teakle), i, 491. 
effect of alkali salts on bacteria in 
(Gibbs, Batchelor, and Magnu- 
son), i, 1030. 

effect of micro-organisms on absorp- 
tion in (Stoklasa), i, 765. 
formation of thiosulphates in, by 
micro-organisms (Guittonneau), 
i, 766. 

effect of carbon dioxide in air of, on 
growth of plants (Parker), i, 
1223. 

formation and decomposition of humus 
in (Balks), i, 1031. 
effect of removing soluble humus from 
(Crowther), i, 1372. 
humification of organic matter in 
(Robinson and Jones), i, 491. 
arable, occurrence of cobalt and nickel 
in (Bertrand and Mokrag- 
natz), i, 492. 

manganese in (Bertrand), i, 223. 
Burma, buffer action of (Charlton), 
i, 768. 

clay, electrical charge on colloids in 
(Daybdff and Hoagland), i, 219. 
forest, air capacity and acidity of 
(Kvapil and N#meo), i, 221. 

“ Hager ” (Kniokmann and Helbig), 
i, 1528. 

limed,, retention of sulphates by 
(MacIntyre and Shaw), i, 490. 
marsh, hydrogen peroxide catalase in 
(SMOUK), i, 1624. 
moor, aridity of (Arnd), i, 221. 
effect of humic acids on bacteria in 
(Arnd), i, 490. 

prairie, effect of grain growing on 
nitrogen and organic matter in 
(Shtjtt), i, 768. 

Punjab, fixation of nitrogen in (Lad- 
der and Ali), i, 1624. 

Rothamsted, base exchange in (Page 
and Williams), i, 222. 
saline, effect of sulphur on (Kalush- 
ski and Solnijeva), i, 624. 
analysis of (MoGeorge), i, 348; 

(Gedroitz), i, 489. 
determination of acidity of (Hager), 
i, 489 ; (Arnd), i, 490 ; (Niklas 
and Hook), i, 768. 

determination of alkali in (Joseph, 
Martin, and Hancock), i, 222. 
determination of ammonia in (McLean 
And Robinson ; Harper), i, 224. 
determination of colloids in (Bodyod- 
cos), i, 348. 
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Soils, determination of hydrogen-ion 
concentration in (Atkins ; Bar- 
nette, Hissink, and van der 
Spek), i, 220; (Niklas and 
Hock), i, 348, 1526 ; ii, 325 ; 
(Arrhenius), i, 1625 ; (Pierre), 
i, 1526. 

apparatus for (TrEnel), i, 874. 
with quinhydrone electrodes 
(Briodx and Pien), i, 1227. 
inhibition of bumping in determin- 
ation of nitrogen in (Hance), i, 
1032. 

determination of nutritive require- 
ments of (Densch and Pfaff), i, 
1371. 

determination of sulphur in (Wol- 
koff), i, 224. 

Soil solution, composition of (Martin 
and Burd), i, 1526, 1527. 

Soja beans, culture of plants of (Gins- 
bdrg), i, 1121. 

constituents of, and the iodine number 
of their oil (Anon.), i, 346. 
oxidising enzymes in (Nitzescu and 
Cosma), i, 471. 

lecithin and cephalin of (Lbvene and 
Rolf), i, 487. 

urease from, and its hydrolytic action 
(Tadbmann), i, 744. 

Sols, orientation of particles in (Zocher), 
ii, 966. 

Solids, properties and structure of 
(Friederich), ii, 374. 
fluorescence of (Gyemant), ii, 13. 
electrification by friction between 
gases and (Perucca), ii, 1028. 
specific inductive capacity of (Errera ), 
ii, 362. 

corresponding temperatures for ( Brod- 
sky ; Lafdma), ii, 26. 
contraction constants of (Balandin), 
ii, 637, 

contraction regularities in the form- 
ation of compound (Saslavsky), ii, 
933. 

angles of contact and polarity of 
surfaces of (Adam and Jessop), ii, 
962. 

internal pressure of (Rich ards), ii, 362, 
solution of, in liquid surfaces (Volmer 
and Mahnert), ii, 508. 
r61e of water iu (Balareff), ii, 409, 
velocity of dissociation of (Gent- 
nerszwer and Bhd2s), ii, 685. 
reactivity of (Hedvall), ii/. 125; 
(Hedvall and Heuberger), ii, 
306. , , , ; . 
reactions of (Balareff), ii, 898. 
binary, density of (Paniohi), ii, 493. 
incandescent, photoelectric action of 
light from (Becker), ii, 1107, 
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Solid state, complexity of (Suits and 
Schoenmaker), ii, 267 ; (Smits and 
Rutgers), ii, 268. 

Solid solutions. See Solutions, solid. 

Solubility, determination of, at high 
pressures (Cohen and van der 
Bosoh), ii, 283. 

apparatus for determination of (Cohen, 
de Meester, and Moesveld), ii, 
151. 


neat of solution and lattice energy of 
salts (Butler), ii, 39. 
influence of pressure on (Cohen, de 
Meester, and Moesveld), ii, 852. 
influence of salts on (v. Euler and 
Rudberg), ii, 207. 

of ampholytes (v. Euler and Rud- 
berg), ii, 853. 

of isomerides (Johnston ; Andrews, 
Kohman, and Johnston), ii, 852 ; 
(Andrews; Kohman), ii, 1052; 
(Kohman and Andrews), ii, 1053. 
in mixed liquids (Pledger), ii, 283. 
of bi-bivalent salts in solutions con- 
taining a common ion (Walker), 
ii, 769. 

Solubility of sparingly soluble sub- 
stances (Remy and Kuhlmann), ii, 
30,119. 

maximum, conditions of (Colson), ii, 
37. 

Solutes, ionised, interionic attraction 
theory of (Noyes and Baxter ; 
Debye and Pauling), ii, 970. 

Solution, contraction of volume on 
(Rakshit), ii, 288. 

Solutions, potential differences of, at the 
boundaries of (Frioke and Roh- 
mann), ii, 41. 

electrons in (Pisarsbevski), ii, 210. 
of low dielectric constant, electrolytes 
in (Gross and Halpern), ii, 1152. 
specific heat of (de Kolosovski), ii, 
870. 

effect of viscosity on (de Kolo- 
sovski), ii, 653. 

viscosity of (de Kolosovski), ii, 765. 
compressibility of (Kar), ii, 970. 
deviations of, from van’t Hoff’s law 
(Swientoslawski), ii, 388. 
hydrate theory of (Taylor), ii, 
858. 


isoleoular contraction in (Rakshit), 
, ii, 765. 

interaction in (Adam and Jessop), ii, 
772. 

for reaction of (Giribaldo), 

of bimolecular reactions in 
ii, 47. 
of '(Schofield and 


Solutions, spectroscopic determination of 
complexes in (Job), ii, 389. 

aqueous, absorption of ultra-violet 
light by (Grieveson), ii, 472. 
specific heat of (Richards and 
Gucker), ii, 848. 

effect of temperature on the internal 
friction and conductivity of 
(Wien), ii, 931. 

dimensions of ions in (Jabeczyn- 
ski), ii, 33. 

determination of complex salts or 
ions in (Patterson and Duc- 
kett), ii, 389. 

of strong electrolytes, theory of 
(Huckel), ii, 613. 
effect of temperature on dielectric 
constants of (Kookel), ii, 932. 
surface tensions of, against oils 
(Howard and Sollman), ii, 109. 

dilute, electrical conductivity of 
(Remy), ii, 299. 

very dilute, ultra-violet adsorption 
spectra of (Suhrmann and Hup- 
pert), ii, 773. 

non-aqueous, electrochemistry of 
(Muller, HOlzl, Knaus, Planis- 
zig, and Prett), ii, 133 ; (Mul- 
ler, HGnig, and Konetsohnigg), 
ii, 134; (Muller, Pinter, and 
Prett), ii, 882. 

decomposition potentials of (Finkel- 
stein), ii, 546. 

ultrafiltration of (Beohbgld and 
Szidon), ii, 529. 

of non-volatile solutes, vapour pressure 
of (Mali), ii, 850. 

sensitive, apparatus for evaporation of 
(Sohmalfuss and Kalle), ii, 320. 

solid (Bruni and Levi), ii* 281; 
(Bruni), ii, 380. 
theory of (Lasarev), ii, 1144. 
electrical conductivity of (Cuy), 
ii, 378. 

standard, preparation of (Pregl), ii, 
998. 

supersaturated (Fischer), ii, 853. 

true, structure of (v. Weimarn), ii, 
1055.. 

Solvents, theory of systems of (Ger- 
mann), ii, 1143. 

influence of, on rotatory power 
(Lucas), ii, 712. 

selective action of (Wright), ii; 1144. 

distribution of a solute between 
(Schulz), ii, 956. 

mixed, velocity of reaction in (Jones, 
McCombie, and Scarborough), ii, 
137 ; (MoCombie, Roberts, and 
Scarborough)* ii, 554. 

organic, solubilities of metallic salts in 
(MAller), ii, 380. 
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Somatoid forms (Kohlschutter and 
Egg), ii, 1035. 

rf-Sorbitol, oxidation of, with, bromine 
water (Talen), i, 1382, 

Sorbose, formation of, from formaldehyde 
(Kuster and Schoder), i, 306. 

d-Sorbose, preparation of, by oxidation 
of d-sorbitol (Talen), i, 1382. 

Sound, velocity of, in. liquids and their 
heat of vaporisation (Ionescu), ii, 
644. 

Soy. See Soja. 

Sparteine, detection of (Couch), ii, 448. 

Spathulatine, and its derivatives 
(Couch), i, 61. 

Spectra, complex structure of (Gouu* 
smit), ii, 725. 

multiplet structure in (Bkamley), 
ii, 831. 

quantum theory of red displacement 
in (Kudar), ii, 467. 
periodicity in structure of (Meggers), 
ii, 258. 

excitation of, by impact of electrons 
(Herts and de Visser), ii, 338. 
excitation of forbidden lines in (Foote, 
Takaminej and Chenault), ii, 916. 
broadening of lines in (Holtsmark 
and Trumpy), ii, 338; 
fine structure of lines in (Vallarta), 
ii, 449 ; (Ruark and Chenault), 
ii, 1103. 

intensities of lines in (Kemble), ii, 
178 ; (Tamm), ii, 1023 ; (Fowler), 
ii, 1104. 

inter-combination lines in (Bguma), 
ii, 915. 

multiplet lines in (Russell ; Raman 
and Datta), ii, 614. 
intensity of multiplet lines in (Orn- 
stein and Burger), ii, 251 ; (Fer- 
mi), ii, 340 ; (Sommerfeld and 
H5nl), ii, 468 ; (Krgnig), ii, 458, 
917; (Russell), ii, 725; (Ohn- 
stein), U, 916 ; (Back), ii, 917. 
Zeeman patterns in (Hicks), ii, 3. 
influence of an electric field on Zeeman 
effeot in (Urey), ii, 170. 
doublets and triplets in (Sugiura), 
ii, 726* 

absorption maxima in, . determined 
spectroscopically and spectrophoto- 
metrioally (Gombqs), ii, 178. 
in relation to the polarisability of the 
atom-core (Schrqdinger), Ii, 722, 
of atoms of the same electronic struc- 
ture (Hariree), ii, 2; (Bowen 
and Millikan), ii, 916. 
of dements, from scandium to nickel 
(Hune); ii, 912. 

of the lighter elements, primed terms 
in (Laporte), ii, 1104. 


Spectra of explosive mixtures of oxygen, 
nitrogen, and acetylene (Garner 
and Saunders), ii, 627. 
of exploded wires (Smith), ii, 1017. 
absorption, of aldehydes and ketones 
(Lecomte; Purvis), ii, 627. 
and constitution of colouring mat- 
ters (Kehrmann and Sandoz), i, 
983. 

dispersion and density of homo- 
logous compounds (Krethlow), 
ii, 1029. 

of ketones ( (Plotnikov), ii, 837 ; 

(Langedijk), ii, 1116. 
of mixed metal vapours (Barratt), 
ii, 927. , 

of non-polar compounds and un- 
saturated ketones (Soheibe, 
Rossler, and Backenk5hler), 
ii, 352. 

infra-red (MXrton), ii, 1025. 

of alcohols (Lecomte), ii, 351. 
of organic ammonia compounds 
(Bell), ii, 928. 
ultra-red (Bonino), ii, 838. 
ultra-violet, photography of (Cross), 
ii, 351. 

photometric measurement of (Ley 
and Volbert), ii, 78. 
of very dilute solutions (SUHit- 
mann and Huppkrt), ii, 773. 
of organic acids (YlRs and Gex), 
ii, 472. 

of benzene derivatives (Kling- 
stedt), ii, 929. 

of metallic halides (Getman), ii, 
837. 

of organic compounds (March- 
lewski and Moroz), ii, 353. 
^-absorption, and chemical constitu- 
tion (Stelling), ii, 935, 936. 
Z-absorption (Nishina), ii, 457. 
arc, broadening of lines in (Lowery *, 
Johnson), ii, 614. 
complexity of lines in (Boyds), ii, 
249. 

excitation of forbidden lines in 
(Foote, Tak Amine, and Che- 
nault ; Pakaminb and Fu- 
kuda), ii, 166. 

Stark effect in (Nagaqka and 
Sugiura), ii, 171. 
of the platinum metals (Meggers), 
ii, 454. 

’ arc and spark, s-terms in (v. Wis- 
niewski), ii, 449. 
displacement law for (Meggers, 
Kiess, and Walters),, ii, 
77. . 

Doppler effect in (Krefft), ii, 
- ■. 78. 

band (Dalta), ii, 86. 



ii. 1692 


INDEX OF SUBJECTS. 


Spectra, band (Mecke), ii, 259, 351, 
736 ; (DESLANDRE8),ii, 736, 1023, 
1114; (Duffieux), ii, 1023; 
(Duffbndack), ii, 1114. 
quantum theory of ( Blackburn), 
ii, 260. 

structure and distribution of (Des- 
landres), ii, 626, 930. 
nature of (Nicholson), ii, 930. 
isotope effect in (Mulliken), ii, 
259, 346, 833, 1020. 
intensities in (Fowler), ii, 623; 
(Mecke), ii, 626 ; (Dieke), ii, 
626, 836 ; (H6nl and London), 
ii, 1024. 

in relation to molecular properties 
(Kratzer), ii, 836. 

band emission, of aromatic compounds 
(Harsh), ii, 470, 625. 

cathode, of metals and their salts 
(Kimura and Nakamura), ii, 166, 
167. 

comet tail (Lemon), ii, 249. 

complex (Hund), ii, 1104. 

continuous, of halogens (Steubing), 
ii, 452. 

diffraction, oscillation phenomena in 
(Buchwald), ii, 1117. 

flame, intensity measurements in 
(Bleeker and Bongers), ii, 77; 
(Blither), ii, 1025. 

fluorescence (Bayle, Fabre, and 
George), ii, 260 ; (Nunan and 
Marsh), ii, 353. 

infra-red (Witt; Trowbridge), ii, 
335. 

band, constants of (Fermi), ii, 
471. 

magnetic, study of (Nikitin), ii, 
173. 

mass (Aston), ii, 618. 
of light elements (Costa), ii, 1021. 

3-ray (Thibaud), ii, 622. 

7 -rays, study of, by crystal diffraction 
(Thibaud), ii, 176. 

Rontgen ray (Levi), ii, 456 ; (Leide ; 
RRohou ; Ray; v. Wisniewski), 
ii, 457 ; (Backlin, Siegbahn, 
and Thoregus), ii, 614. 
intensities in (Robinson), ii, 728. 
energy levels of (Coster), ii, 
458. 

semi-optical lines in (Backlin, 
Siegbahn, and Thor 2 eus), ii, 
457; (be Broglie and Dauvil- 
LIBE), ii, 458. 

Za-doublets in (Ray), ii, 78. 

• floin a ruled reflection grating 
K^^::'(CostBTON.and Doan), ii, 1103. 

of. a surrounding box on 
and Bearden), ii, 


Spectra, Rontgen ray, of aliphatic acids 
(de Broglie and Trillat), ii, 
640. 

of elements from aluminium to 
calcium (Backlin), ii, 914. 
of light elements, K lines in 
(Turner), ii, 915. 

of long-chain organic compounds 
(Shearer), ii, 938. 
quantitative analysis by means of 
(Coster and NisHina), ii, 324. 
continuous (March), ii, 614 ; (Bron- 
stein), ii, 727. 
doublet (Wentzel), ii, 728. 
Rontgen-spark (Wentzel), ii, 251. 
resonance fluorescence, Doppler effect 
in (Rump), ii, 473. 
series (Bowen and Millikan), ii, 
252. 

quantum numbers and (Lindsay), 
ii, 915. 

spark (Werner), ii, 165. 
in the Schumann region (L. and E. 
Bloch), ii, 726. 

classification of enhanced lines in 
(Kimura and Nakamura ; Ki- 
mura), ii, 726. ■ 

Tesla-luminescence (McYicker, 
Marsh, and Stewart), ii, 12, 86, 
630. 

ultra-violet, visual perception of lines 
in (Steubing), ii, 449. 
screening doublets in (Unsold), ii, 
1016. 

intensity of (Dorgelo), ii, 335. 
of alkali metal (Shaver), ii, 451/ 
emission, of halogens (Ludlam and 
West), ii, 350. 
spark (Lang), ii, 609. 

Spectrochemistry of aromatic polynuclear 
hydrocarbons (v, Auwers and 
Kraul), i, 900. 

of nitrogen compounds (v, Auwers 
and Eraul), ii, 847. 
ultra-red (Bonino), ii, 1032. 

Spectrograph, Rontgen ray (Cork), ii, 
250 ; (MAller), ii, 895. 

Spectrometer, colour vision (Peddie), 
ii, 1118. ■ . 

Spectrophotometer, direct-reading 
(Keuffel), ii, 1193. 

Spectroscope, lighting unit for (Fred- 
erick and Webster), ii, 588. 

Spectroscopy, shift law in (Furs), ii, 
340. . ; 

new apparatus for (Leiss), ii, 341. 
electric and magnetic (Arkadiev), 
ii, 750. 

Sperm oil, constitution of tetradecenoic 
acid from (Tsujtmoto), i, 1128. 
Arctic, unsaponifiable matter of (Tsu- 
jimoto), i, 772. 
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Spermine, isolation of, and its salts and 
derivatives (Dudley, M. C. and 0. 
Rosenheim), i, 294. 
phosphate, isolation of, from semen 
and testis (Rosenheim), i, 180. 

Sphagnum, acidity of salt solutions 
after shaking with (Skene and 
Stuart), i, 765. 

Sphingosine (Levene and Haller), i, 
890* 

Spirtm, monotropitin in roots of species 
of (Bridkl), i, 347. 

Spirans (Lbxjohs and Sander), i, 1432. 
synthesis of (Radulescu and Geor- 
gesou), i, 819. 

colour of (Radulescu), i, 1159/ 

Spleen, formation of bile pigments in 
(Ernst and Szappanyos ; Ernst ; 
Ernst and FSrster), i, 732. 
production of urea in autolysis of 
(McCance), i, 472. 

effect of removal of, on blood-sugar 
(Bibrry, Rathery, and Levina), 
i, 857. 

Splenomegaly. See Gaucher’s disease. 

Squill, African. See Urginea Bwr'ke.i. 

Stability of organic compounds (Bolin), 
ii, 411, 

Staining of tissues (Gicklhorn and 
Keller), i, 468. 

Standard solutions. See Solutions, 
standard. 

Stannic salts- See under Tin. 

Stannous salts. See under Tin. 

Staphylococcus, action of bismuth on 
(Lemay and Jaloustre), i, 206. 

Starch (la ng and Nanji), i, 516, 517 ; 
(Pringsheim and Leibowitz), i, 
1043 ; (Pringsheim, Leibowitz, 
and SlLMANN), i, 1244. 
formation of, from arabinose by plants 
(Polonovski and Morvillez), i, 
1222. 

constitution of (Kuhn), i, 11, 686. 
elasticity and tensile strength of 
(Neale), ii, 783. 

hydrolysis of (Biedermann and 
JeRNAKOFF), i,: 11 ; (KaKRER), 
i, 1370. 

action of polarised light on (Baly 
and Semmens), i, 12 ; (Jones), 
i, 1212. 

adsorption of iodine by (Angelescu 
ana Mircesou), ii, 1149. 
absorption of water by films of boiled 
(Farrow and Swan), ii, 506. 
swelling of, in cells (Lepesghkin), 

: i, 1004 , 

sweHin^of granules of (Arzichovski), 

Saccharification of* by amylase (Petit 
and Richard), i, 1504, 

CTOTIL ii 
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Starch, decomposition of, by bacteria 
(Siedich), i, 1510. 
action of diastase on (Lecoq ; de 
Hoop and van Laer), i, 470. 
colloidal, properties of (Sameo), ii, 
1153. 

paste, liquefaction of (Petit), ii, 967. 
capillary flow of (Farrow and 
Lowe), ii, 509. 

sols, properties of (Kruyt and Tbn- 
deloo), ii, 133. 

iodide, composition of (Murray), i, 
889. 

determination of (Chrzaszcz), ii, 74. 

Stearaldehyde jo-nitrophenylhydrazone 
(Stephen), i, 1131, 

Stearic acid, crystal structure of (Mul- 
ler), ii, 748. 

mixtures of eicosoic acid and (Morgan 
and Bowen), i, 114. 
calcium salt (Klimone, v. Moltini, 
and Bknedik), i, 506. 
solubility of (Harrison), ii, 190. 
sodium salt, emulsifying power of 
( Yajnik and Ilahi), ii, 968. 
thallium salt (Holds and Selim), i, 

* 504. 

Stearic acid, d^romodiiodo- and di- 
iododihydroxy- (Holde and Gor- 
gas), i, 883. 

3-hydroxy-, and its ethyl ester, and 
hydrazide (Levene and Haller), 
i, 890. 

7 -hydroxy- (Olutterruok), i, 5, 
dihydroxy-, oxidation of (Lapworth 
and Mottram), i, 1234, 

Stearolic acid, crystal structure of 
(Muller), ii, 748. 
hydration of (Robinson), il, 745, 

iY-Stearylpropylenediamine (Society 
of Chemical Industry in Basle), 
i, 1133. 

Stereochemistry (Walden), i, 349. 
studies in (Holmberg and Muxler), 
i, 1236 ; (Holmberg), i, 1288 ; 
(Holmberg and RosAn), i, 1291. 
of aromatic compounds {Kuhn and 
Jacob), i, 1404. 

Stereoisomerism and permeability (Ok a- 
gawa), i, 711. 

of aromatic compounds (Kuhn and 
Jacob), i, 1260. 

Steric hindrance (Freudenberg and 
Huber), i, 229. 

Steric series (Freudenberg and Mar- 
kert), i, 1275. 

Sterol, 0 34 B 58 0, and its acetate, from 
American cotton wax (Clifford and 
Probert), i, 879. 

Stibinic acids, aromatic, complex metallic 
compounds of (Chemische Fabrik 
von Heyden), i, 87, 
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Stigmastane (Windaus and Brunken), 
i, 394. 

StigmastanoL See Tetrahydrostigma- 
sterol. 

Stigmastanone, and its derivatives 
( Winpaus and Brunken), i, 394. 
Stxgmasterol ( W indaus and Brunken), 

i, 394. 

Stilbazole methiodide (Koenigs, Koh- 
ler, and Blindow), i, 834. 
2-Stilbazole,^ cis- and trails- 2'-amino-, 
and -2'-nitro-, and their derivatives 
(Bath and Lehmann), i, 432. 

Stilbene hydrate (Ishibashi), i, 1432. 
Stilbene, 4-iodo*2-nitro-, and 

nitro-2'-hydroxy- (Gulland and 
Robinson), i, 1188. 
2-mtro-4 / -amino-4-cyano-, and its 
hydrochloride and derivatives 
(Pfeiffer, Kalckbrenner, and 
Behr), i, 549. 

2 / :4 / -(fo‘nitro-3:4-cfzhydroxy-, methyl- 
ene ether (Dey and Row), i, 954. 
Stilbene-a-carboxylic acid, derivatives 
of (Dey and Row), i, 954. 
Stilbene-4-carboxylic acid, 2-nitro-4'- 
amino-, and its salts and derivatives 
(Pfeiffer, Kalckbrenner, and 
Behr), i, 549. 

Stilbenediazonium hydrogen sulphate, *1 
nitro- (Gulland and Robinson), i, 
1186. ' , 

Stilbene diol, potassium salt (Schkuing 
and Hensle), i, 27. 

Stirring apparatus, test of efficiency of 
(Roth), ii, 150. 

Strawberry, non-volatile acids of (Nel- 
son), i, 762. 

Streptococci!#, action of bismuth on (Le- 
MAY and Jaloustre), i, 206. 

Strontium, structure of (Collins), ii, 
733. 

pure, preparation of (Danner), ii, 62. 
photo-electric effect on (Doped), ii, 832. 
Strontium alloys with mercury, 
electrodes of. See Electrodes. 
Strontium chloride, refractive power of, 
for X-rays (Mark and Tolksdorf), 

ii, 033. 

selenide, crystal structure of (Slat- 
tery), ii, 369. 

Strontium detection:— 
detection of (Kolthoff), ii, 1095. 
detection of, in presence of barium 
(Feigj,), ii, 435. 

Strophanthidin, structure of (Jacobs and 
^ g>u^s)^ 1082. 

Sfcie^ianthin (Jacobs and Collins), 

;v : 566, 1082. 

toxicity of (Tocoo-Tocoo), i, 613. 


SirophmUhus letei , saponin from (Wells 
and Garcia), i, 61 4. 

Strychnine (Lions, Perkin, and Robin- 
son), i, 831. j 

arsenious tartrate (Debucquet), i, 
1090. 

St'H'ychnos , determination of alkaloids in 
preparations of (Sabalitschka and 
Jungermann), ii, 608. 

Strychnos alkaloids (Letjchs and 

Kanao), i, 61 ; (Leuchs and 

Taube), i, 1314. 

Sturgeon. See Adpciiser sturio . 
Styphnic acid, methyl ester, pyridine 
and quinoline salts (Kohn and Loff), 
i, 1265. 

Styrene (phenyUthylcne), a-chloro- (Du- 
fraisse and VlEL), i, 1138. 
Styrylaorolein. See e-Phenyl- A£$-pont« 
adien-a-al. 

Styryl amyl ketone, and its oxime 
(Ryan and Shannon), i, 558. 

2-S tyry 1- 3-o-anis olesulphonyl-2-methyl- 
quinoline, and its hydrochloride 
(Troger and Brohm), i, 1453. 
Styrylhenzopyrylium salts (Walker 
and Hkilbron), i, 693 ; (Heilbron, 
vValker, and Buck), i, 694, 
Styrylcfo'chloroarsine, a-chloro- (Hunt 
and Turner), i, 844. 
2-Styrylchromanol, derivatives of 
(Robinson and Shinoda), i, 1301. 
2-Styrylchromone, 3:7 and 8:5:7 •tri- 
hydroxy- (Robinson and Shinoda), 

, i, 1301. . 

Styryl^-methoxystyryl ketone, m-amino- 
and o - and^-nitro- (Pfeiffer, Prahl, 
Fitz, and Stoll), i, 680. 

Styryl ^-methoxystyryl ketones, amino*, 
and their jperchlorates (Pfeiffer), i, 
410. 

2-Styryl-4-methylbenzopyrylium chlor- 
ide, 4 and 3':4':7 -tfn-hy droxy- 
(Heilbron, Walker, and Buck), i, 
694. 

Styryl methyl ketone (bmzylicUne- 
acetone), absorption spectra of 
(Purvis), ii, 627. 
oxide (Weitz), i, 408. 
and o-chloro-, and o-hydroxy-, hydr- 
ates of (v. Auwers and Kreud- 
ER),i, 1455. . 

Styryl methyl ketone, chloro-oximiuo-, 
and its derivatives (Rheinboldt 
and Schmitz-Dumont), i, 1132 
a-thiocyano-, and its <$bromide 
(Challenger and Bora), i, 936. 
Styryl methyl ketone-^-arsinic acid, 
semicarbazone (Margulies), i, 448. 

2 - S ty ryl- 1 -me thyl-4- quinazolone (Heil- 
bron, Kitchen, Paros, , and 
Sutton), i, 1321. 
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Styryl nitrocinnamylidenem ethyl ke- Substance; Ci 4 H 12 0 5 C1 9 , and its deriva- 
tones (Pfeiffer), i, 409. tives, from ?«,-hydroxytoluic acid 

2-Styrylpyndine, 4:6-cftchloro-5-cyano-, and chloral hydrate (Meldrum and 

and its dimeride (Spath and Kollek), Alimchandani), i, 1272. 


i, 1446. 

2-Styrylquinoline, derivatives of (Pfeif- 
fer, Rheinboldt, and Wolf), i, 
412. 

2- . and 4-£-Styiylquinolines, hydroxy- 
derivatives, and their salts (Troger 
and Dunker), i, 433, 

Sub-electrons (Daecke), ii, 258, 349. 

Sublimation, devices for (John and 
Fischl), ii, 897. 

Submaxillary glands, metabolism of 
phosphoric acid in (Camis), i, 
191. 

Substance, C 3 H 5 0 8 NS, from lactamide 
and thionyi chloride (Bergmann 
and Miekeley), i, 235. 

C 3 H 4 0 2 NC1, from diehloronrethylane 
and hydrogen chloride (Meldrum 
and Alimchandani), i, 1273. 
C 4 H 4 0 3 N 2 , from diketopiperazine and 
hypobromite (Goldschmidt and 
Steigerwald), i, 1109. 

C 5 H 3 0C1 5 , from m-aminophenol and 
sulphuryl chloride (Kller and 
Lorenz), i, 538. 

C 5 H 9 0 4 C1S, from ethyl lactate and 
thionyi chloride (Bergmann and 
Miekeley), i, 235. 

0 6 H 9 0C1, from chlorine monoxide and 
cT/cfohexene (Goldschmidt and 
Sch5ssler), i, 498. 

C 10 H 18 O 2 , from lemon oil (Romeo), i, 
1293. 

C 10 H 13 ON 2 Br, from a-bromocinnam- 
aldehyde and methylhydrazine (v. 
Auwbbjs and Ottens), i, 1429. 
C u H 18 0 2 C3 8 , from condensation of 
acetone and chloroform (Taffe), 
i, 2. 

from oil of Appa grass 
(Mqudgill), i, 945. 

C^HjoONgSe, from phenylpiaselen- 
azonium chloride and alkalis 
(Battegay and VtiGHOT), i, 1467. 
C 13 H 14 0 5 N 2 , from tryptophan in the 
body (Matsuos a and Yoshi- 
matsu), i, 731. 

C 14 Hi 4 0 2 , from chloroacetic acid and 
magnesium phenyl bromide 
(Peters, Griffith, Briggs; and 
French), i, 544. 

0 14 H 18 0 7 , from carbon dioxide and 
dimethylketen(STAUDiNGiR, Felix, 
and Harder); i, 788. 

C 14 Hi 9 N 8 , from 2:4-dimethylpyrrole, 
hydrogen chloride, and hydrogen 
cyanidfe(FtscHERand Nenitzesou), 
i, 835. 


C 1S H 16 0 2 , from a-bromopropionic acid 
and magnesium phenyl bromide 
(Peters, Griffith, Briggs, and 
French), i, 544. 

C 15 H 14 0N 2 , from phenylhydrazme and 
derivatives of phenyl £-hydroxy- 
vinyl ketone (v. Auwers and 
Schmidt), i, 585. 

Ci 5 H 20 O 2 N 2j and its salts, from 
oxidation of eserethole (Stedman 
and Barger), i, 293. 

Oi 6 H 9 ONS, from oxidation of 4-hydr- 
oxy-2-nitrophenyl a-naphthyl 
sulphide (Aktien-Gesellschaft 
fur Anilin-Fabrikation), i, 596. 

Ci 6 H 10 O 3 N a , from 2-hydroxyantlira- 
quinony 1-3-hydrazine and acetic 
anhydride (Tanaka), i, 1434. 

Ci 8 H n ON 3J from oxidation of 
l-benzeneazo-2-aminonaphthalene 
(Charrier, Crippa, Toia, and 
Bianchessi), i, 590. 

C 16 H 28 ON a , and its dipierate, from 
methylation of esoline ethyl ether 
(Stedman and Barger), i, 293. 

C 17 H 28 0 3j from bacterial decoompsi- 
tion of cholic acid (Kaziro), i, 1363. 

C 17 H 13 0N 3 , from o-nitro-a-phenyl- 
cinnamonitrile and potassium 
cyanide (Brand and Loehr), i, 
684. 

C 18 H 24 O l0 Cl 8 , from indene and 
chlorine monoxide (Goldschmidt 
and Schussler), i, 498. 

C 18 H 8 oO a N 2 , and its salts, from 
methylation of esoline ethyl ether 
(Stedman and Barger), i, 293. 

C 19 H 24 0 10s from carbon dioxide and 
dimethylketen(STAUDiNGER, Felix, 
and Harder), i, 786. 

C 2Q H u 0 3 N, from isatiu and 4r5-benz- 
coumaran-3-one (Fries and Pusch), 
i, 569. 

C 20 H 27 O 8 N 2 P, from lactophenine, 
ansesthesin, and phosphoryl chloride 
(Weil), i, 157, 

0 21 H 1 sN 4 , and its derivatives from 
aniline and 5-chloro-4-phenyl-l-^>- 
tolyl-l:2;3-triazo]e and also from 
yj-tolnidine and . 5-chloro-l:4- 
diphenyl-l:2;3-triazole (Garnelley 
and Dutt), i, 166. 

C 2 iH 82 0 4 , from oxidation of methyl 
abietate (Ruzioka, Meyer, and 
Pfeiffer), i, 1420. 

0 22 H 26 0 4 N 4> from aminoantipyrine 
and acetylanmathesin (Weil), i, 
157. 
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Substance, C 26 H 38 NJ 2 , from action of 
methyl iodide on calycanthine 
(Spath and Stroh), i, 1447. 

C w H a A . from j8/8-diphenylpropiomc 
acid and magnesium phenyl bromide 
(Peters, Gripeith, Briggs, and 
French), i, 544. 

C 28 H 22 0 65 from piperonal and p- 
methoxystyryl ethyl ketone (Ryan 
and Cahill), i, 558. 

C 28 H 24 N 4 , from phenylacetonitrile and 
3-cyano*2-methylindole (Seka), i, 
67. 

CagHajN,, and its derivatives, from 
2-benzyl-l-hydrindone and phenyl- 
hydrazine (Leuchs and Winzer), 

i, 1281. 

C 2S H a6 0 4 , from anisaldebyde and 
ketones (Ryan and Cahill), i, 
558. 

C a sH 37 0*N, from oxidation of 
delphinin (Keller), i, 831. 

Substitution, influence of, on physical 
and chemical properties (Rule and 
Paterson), i, 29. 

effect of, on equilibria . in binary 
systems (Kremann and Drazil), 

ii, 649 ; (Kremann, Zeohner, and 
Weber ; Kremann, Zeohner, and 
Drazil), ii, 650. 

in aromatic compounds (Barnett, 
Cook, and Matthews), i, 648. 
influence of a-methoxyvinyl groups 
in (C. K. and E. H. Ingold), i, 
657. 

directive influence of nitrogen and 
oxygen atoms in (Holmes and 
Ingold), i, 1142. 

influence of nitroso groups in 
(Ingold), i, 646. 

in the aromatic nucleus (Barnett 
and Matthews), i, 18 ; (Pkins), i, 
18, 379; (Barnett and Cook), i, 
123; (Barnett, Cook, and Mat- 
thews), i, 900, 114Q, 1398. 

in the benzene nucleus (Francis, 
Hill, and Johnston), i, 1141. 

Succinamic acid, d-thiol- (Levene and 

Mikeska), i, 6. 

Succinic acid, electrolytic preparation 
of (Norris and Cummings), i, 668. 

dissociation constants of (Britton), 
ii, 977. 

radical dissociation of aryl derivatives 
of (LOwenbein and Folberth), i, 
552. 

equilibria of, with phenols ( Kremann, 

-■ Zeohner, and Drazil), ii, 650. 

oxidation of, in tissues (v. Szent- 
GyOrgyi), U 93, 

alkaline earth salts, solubilities of 
Walker), ii, 769. 
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Succinic acid, aniline trihydrogen salt 
(Rambech), i, 385. 

lead salt, solubilities of (Auerbach 
and Weber), i, 1130, 
di-p-tolyl and di-m-xylyl esters, and 
febromo-, di-p-tolyl ester (Fries 
and Bartens), i, 568. 
detection of, in tissues (Klein and 
Werner), i, 871. 

Succinic acid, thiol-, and its sodium 
salts (Levene and Mikeska), i, 
512. 

d- thiol- (Levene and Mikeska), i, 6. 

Succinic acids, substituted, synthesis of 
(Baker and Lapworth), i, 670. 

Succinic acids, aj8-dmmino-, stereo- 
isomeric, and the dibenzoyl derivative 
of the mcso- form (Kuhn and Zum- 
stein), i, 1249. 

Succinimide, mercury derivatives of 
(Lyons), i, 645. 

Succinimide, amino-, derivatives of 
(Cherbuliez and Chambers), i, 
1046. 

iodo-, structure and crystallography of 
(Yardley), ii, 746; (Tutton), ii, 
747. 

Suceinimides, tetra-alkyl derivatives, i 
and their pharmacological action^ 
(Dox), i, 796. 

^-substituted, preparation of (Farb- 
WERKE VORM. MEISTER, LUCIUS, & 

BrUning), i, 376. 

Succinodehydrogenase, effect of potass- 
ium salts on (Sahlin), i, 743. 

Suocinylfluorescein (Dutt and Thorpe), 
i, 141. 

Sucoinylrhodamine hydrochloride (Dutt 
and Thorpe), i, 142. 

Succinyl-^-tolil, nitration of (Brady, 
Quick, and Welling), i, 1400. 

Sucrose (. saccharose ; cane-sugar ), rota- 
tory dispersion of (Lowry and 
Richards), ii, 265. 

configuration of (Schlubaoh and 
Rauohalles), i, 1243. 
effect of inorganic salts on the polaris- 
ation of solutions of (Brown), ii, 
372. 

osmotic pressure of (Applebey and 
Davies), ii, 964. 

inversion coefficient of (Saillard), i, 
1133. 

catalysis and inversion of, by acetic 
acid (Saillard), ii, 307. 
effect of dextrose and lsevulose on the 
inversion of, by honey invertase 
(Nelson and Sottery), i, 104, 
hydrolysis of (Nelson and Bod- 
ansky), i, 1008, 

hydrolysis constant of (Colin and 
Chaudun), i, 233. 
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Sucrose (saccharose ; cane-sugar), hydro- 
lysis of, by invertase in presence 
of a-methylglucoside (Nelson and 
Freeman), i, 739. 

solubility of (Mondain-Monval), ii, 
769. 

effect of catalysts on carbonisation of 
{Lessing and Banks), i, 9. 
acids resulting from yeast fermentation 
of (Kostytschev and Frey), i, 
1214. 

determination of, oxidime tricall y 
(Taufel and Wagner), ii, 1007. 

Sugars, preparation of, by means of 
diphenylmethanedimethyldihydr- 
azme (v. Braun and Bayer), i, 
1382. . 

and their derivatives, rotation and 
structure of (Hudson and Phelps), 
i, 8; (Hudson), i, 232, 233, 514, 
636 ; (Hudson and Kunz), i, 1043. 
theory of protective action of (Shri- 
vastava, Gupta, Prasad, and 
Bhatnagar), ii, 293. 
nomenclature of isomeric (Wqhl and 
Freudenberg), i, 366. 
adsorption of, by colloidal solutions 
(Prasad, Shrivastava, and 
Gupta), ii, 957. 

condensation of, with dilute mineral 
acids (Leyene and Ulpts), i, 1042. 
oxidation of alcohols from (VotoSek 
and Lakes), i, 773. 
oxidation of, by permanganates (Kuhn 
and Wagner-Jauregg), i, 1241. 
relative reducing powers of (Rowe 
and Wiener), i, 885. 
reduction of, by aluminium alloys 
(Nanji and Paton), i, 117. 
unsaturated reduction products of 
(Bergmann, Miekeley, and 
Stather), i, 227 ; (Bergmann), i, 
887. 

acetone fomentation of (Speakman), 
i, 1013. 

fermentation of, by microbes (Kluy- 
ysR and Donor), i, 1215. 
constitution of the monocarboxylic 
acids derived from (Pryde, Hirst, , 
and Humphreys), i, 865. 
lactone formation from carboxylic 
acids of (Leyene and Simms), i, 
1380. 

phosphorylation of (Neuberg and 
Kobel), i, 1508. 

compounds of sulphuric acid with 
(Ohle and Bourjan), i, 634. 
and their derivatives, bismuth nitrates 
of (MA8CBMANN), i, 527. 
halogen acetyl derivatives of, and 
their optical rotation (Brauns), ii, 
633, 


Sugars, in blood. See under Blood, 
in cerebro-spinal fluid, in relation to 
sugar in blood (Goodwin and 
Shelley), i, 853. 

in liver, effect of alcohols on (Lesser), 
i, 613. 

in urine. See under Urine, 
colloidal (v. Weimarn), ii, 290, 390. 
polvmethylated, action of emulsin on 
(Kuhn and Sohlubach), i, 863. 
reducing, analysis of (Ruoss), ii, 
244. 

determination of (Pick), ii, 906. 
determination of, volumetrically 
(Lane and Eynon), ii, 445. 
analysis of (Hildt), ii, 244 ; (Rea- 
son), ii, 331. 

determination of, by Benedict’s method 
(Quick), i, 1115. ■ 

determination of, volumetrically (van 
der Hoeven), ii, 381. 

Sulphaemoglobin, formation of (van den 
Bergh and Wieringa), i, 1475. 

Sulphatase (Neuberg and Simon; 
Rosenfeld), i, 743, 

Sulphates. See under Sulphur. 

Sulphinic acids, and their derivatives, 
action of hydroxy lamine on (Whalen 
and Jones), i, 802. 

* 4 Sulphisatyd, ’ ’ identity of 3-thiolox- 
indole and (Sander), i, 977. 

Sulphites. See under Sulphur, 

Sulphoacetaldehyde, ohloro-, barium 
salt (Lepquse), i, 784, 

Sulphoacetic acid, complex salts of 
(Hahn and Wolf), ii, 678. 

Sulphoacetic acid, bromo-, resolution of 
(Barker and Mooic), i, 632. 
ehloro, resolution of, and its salts 
(Backer and Burgess), i, 359, 
631. 

potassium salt, crystallography of 
(Jaeger), ii, 948. 

3-SuIpho-5-arsinobenzeneSulphamio 
acid, 2- hydroxy, barium salt (Christi- 
ansen, .Norton, - and Shohan), i, 
1471. 

Sulphobenzoic acid, metallic and tri- 
amine salts of (Hahn and Wolf), 

i, 814. - . . 

complex salts of (Hahn and Wolf), 

ii, 578. 

a-Sulpho-S-benzoylpropionic acid, and 
its disodium salt (Bogert and Rit- 
ter), i, 816. 

Sulphonamides, aromatic iV-halogenated, 
alkali salts (Chemische Fabrik von 
Heyden), i, 380. 

l-4'-Sulphonaphthaleneazo-2:4-dt- 
hydroxynaphthalene, 1-amiuo- (Ak- 
TIEN-GESELLSCHAFT B'&R Anilin- 
Fabrikation), i, 988. 
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Sulphonium compounds, physiological 
activity and mobility of -onium 
ions in (Bencowitz and Renshaw), 
ii, 872. 

effect of, on the nervous system 
(Hunt and Renshaw), i, 861. 
2-p-Sulphophenyl- 5 -amino ■ 6 -methyl- 
l:3-henzotriazole, and its salts 
, (Bebetta and Jacoob), i, 589. 
l-^-Sulphophenyl-3-methyl*5-pyrazo- 
lone, preparation of (Reeves), i, 699. 
l-p- Sulphophenyl- 1 :2; 5 -tr iaz ole- 3 :4- 
dicarboxylic acid, and its strontium 
salt (Bebetta and Jacoob), i, 589. 
b-a-Sulphopropionic acid, and its sodium 
salts (Levene and Mikeska), i, 512. 
5- Sulphopyrocatechol-4-carboxylic acid, 
barium salt (Fichter and Stocker), 
i, 240. 

Sttlphosuccinic acid, and its potassium 
salts (Levene and Mikeska), i, 512. 
b-Sulphosuccinic acid, salts of (Levene 
and Mikeska), i, 6. 

b- Sulphosnccinmonoamide , barium salt 
(Levene and Mikeska), i, 6. 
Sulphoxyl compounds (Binz and 
Bausch), i, 991. 

Sulphur, spectrum of (Bungabtz), ii, 
609. 


^■-absorption spectrum of (Robin- 
son), ii, 614. 

absorption spectra and constitution of 
the vapour of (Henri and Teves), 
ii, 19, 87. 

spectrum of electrodeless discharge in 
vapour of (Shaver), ii, 471, 

Rdntgen ray spectra of, and its com- 
pounds (Rat), ii, 914. 

series spectra of (Bowen and Milli- 
kan), ii, 342, 610. 

spectral frequencies of (Holweok), 
ii, 336. 

critical potential of (Holweck), ii, 
729. 

liquid, electrical properties of (Black), 
ii, 24. 

valency of (Lecher), i, 390 j (Lecher, 
ESberle, and St5cklin), i, 391 ; 
(Steinkope), i, 657. 

colloidal, surface tension of (Johlin), 
ii, 1054. 


sols, effect of salts on stability of 
(v, Weimarn and Utzino), ii, 664. 
velocity of transformation of (Fraen- 
kel and Goez), ii, 557, 

■' affinity of metals for (Jellinek and 
- Zakovski), ii, 401. 
and its compounds, corrosion of metals 
. by naphtha solutions of (Wood, 
% ii, 980. 

sulphide and 


Sulphur, as a fertiliser (Kalushski), i, 
492. v 

nacreous, physical properties of 
(Whitaker), ii, 486. 
precipitated, separation of, in analysis 
(Awsohalom), ii, 823. 

Sulphur compounds, acid ‘nature of 
(KARVri), ii, 1188. ^ 

Sulphur wottoehloride, decomposition of, 
hy water (Noack), ii, 989, 
action of, on organic acid amides 
(Naik and Patel), i, 121. 
action of, on thioamides (Ishi- 
kawa), i, 1149. 

Disulphur bichloride, decomposition 
of, by water (Neumann and 
Fuchs), ii, 410. 

Sulphuryl chloride (O. and C. A. 
Silberrad and Parke), i, 
1137. 

catalysis of the formation of 
(Cusmano), ii, 690. 
thermal decomposition of (Smith), 
ii, 876. 

Disulphur bifluoride, preparation and 
properties of (Centnerszwer and 
Strenk), ii, 701. 

Sulphur hydride* See Hydrogen Sul- 
phide. 

Sulphides, electrolytic preparation of 
(Fischer), ii, 807. 
analysis of mixtures of sulphites, 
thiosulphates and (Kurtenaoker 
and Bittner), ii, 239. 
determination of, in alkali and 
alkaline earth sulphides (Schu- 
lek), ii, 327. 

Sulphur bioxide, electrolysis in (Cady 
and Tart), ii, 1073. 
electrochemistry of oxidation by 
(Carter and James), ii* 194. 
adsorption of, by glass (Bangham 
and Burt), ii, 657. * , 
heat of adsorption of, by silica 
gels (Patrick and Grevder), ii, 
870. 

adsorption of, in water (Whitman 
and Davis), ii, 106 ; (Sherwood), 
ii, 852. 

solubility of, in water and aqueous 
solutions of potassium chloride 
and sodium sulphate (Hudson), 
ii, 768. 

equilibrium ot water and (Tam- 
mann and Krige), ii, 869. 
solubility of mixtures of cetene and 
(Skyer and Huggett), ii, 504. 
solubility of mixtures of ft-hexane 
and {Sever and Gill), ii, 504. 
gaseous, photochemical decomposi- 
tion of (Hill), ii, 56. 
detection of (Eegriwe), ii, 156. 
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Sulphur sesquioxide (Vogel and Part- 
ington), ii, 890. 

tfnoxide, pure, melting point and vapour 
pressure of (Shits and Sohoen- 
maker), ii, 267 ; (Smits), ii, 268. 
Sulphurous acid, and its salts ( Fore- 
ster and Kubel ; Foerster, 
Brosche and Norberg- 
Schulz), ii, 120. 
absorption spectra of (Dietzel 
and Galanos), ii, 1115. 
action of, on hydroxylamine 
(Rasohig), ii, 226. 
reactions of nitrous acid with 
(Rasohig), ii, 146. 

Sulphites, catalytic oxidation of 
(Reinders and VLfcs), ii, 567. 
action of, on nitro and nitroso com- 
pounds (Rasohig), i, 289. 
analysis of mixtures of sulphides, 
thiosulphates and (Kurtenaoker 
and Bittner), ii, 239. 
determination of, by the action of 
oxidising agents (Henbrixson), 
ii, 1001. 

acid, combination of ethyl enic 
hydrocarbons with (Kqlker 
and LapwortH), i, 353. 
action of, on nitro and nitroso 
compounds (Rasohig), i, 239. 
Sulphuric acid, catalytic action of 
platinum in the contact process 
for (Clark, McGrath, and John- 
son), ii, 1176. 

passage of an alternating current 
through (Lattey), ii, 979. 
partial pressures of water in aqueous 
solutions of (Greenewalt), ii, 
493, 

vapour pressure of aqueous solutions 
of (Grollman and Frazer), ii, 
398* 

absorption of hydrochloric acid by 
(OirPR), ii, 655. 

free energy of, in sulphate solutions 
(Harned and Sturgis), ii, 538. 
solvolysis of salts in (Davidson), 
ii, 505. 

reduction of, to hydrogen sulphide 
(Vila), ii, 148. 

Sulphates, formation of, from thio- 
sulphates by soil bacteria (Guit- 
tonneau), i, 1218. 
viscosity of solutions of (Grunert), 
ii, 859. 

action of oxidising agents on, and 
their determination ( Hendrix - 
son), ii, 712, 

determination of, volumetrically 
(Klinkb), ii, 239. 
determination of, in plant sap 
(Gortner and Hoffman), i, 485. 


Sulphur : — • 

Persulphuric acid, electrolytic pre- 
paration of (Mazztjcohelli), ii, 214. 
Persulphates, reaction between iodides 
and, in gelatin (Railing and Glas- 
sett), ii, 561. 

Thiosulphates, formation of, by micro- 
organisms in soils (Guitton- 
neau), i, 766. 

conversion of, into sulphates bv 
soil bacteria (Guittonneau), i, 
1218. 

reduction of ferric salts by (Hol- 
luta and Martini), ii, 305, 702. 
standardisation of solntions of (Di- 
mitrov), ii, 598. 

analysis of mixtures of sulphides, 
sulpb ites, and ( Kurten acker and 
Bittner), ii, 239. 

determination of, in alkali and 
alkaline earth sulphides (SOHU- 
LEK), ii, 327. 

Thionic acids, constitution of ( Vogel), 
ii, 1189. 

Polythionic acids, preparation, con- 
stitution, and properties of (Ras- 
CHIG), ii, 229, 230. 
determination of (Kurtenaoker 
and Bittner), ii, 434. 
Polythionates (Kurtenaoker and 
Kaufmann), ii, 1189, .1190. 
formation and decomposition of 
(Foerster), ii, 148, 701 ; (Foer- 
ster and Riesenfeld), ii, 229. t 
Dinitrososulphonates (Rasohig), ii, 
226, 

Sulphur organic compounds (Sch6n- 
rerg, Rosenbaoh, Krull, and 
Ohtwald), i, 1300. 

Sulphur phenyl chloride. See Benzene, 
chlorothiol-. 

Sulphides, cyclic (v. Braun, Bayer, 
and Kaiser), i, 1445, 

Polysulphides, organic (Thomas and 
Harding), i, 4, 113. 

Sulphurous acid, organic derivatives, 
constitution of (Rasohig), i, 245. 
Thiosulphates, organic (Heller), i, 
313. 

Sulphur determination i— 
determination of (KiiHL), ii, 156. 
determination of, microohemically 
(Geilmann), ii, 1000. 
determination of, in polysulphides 
(Kurtenaoker and Bittner), ii, 

. 433. 

determination of, in soils (Wolkoff), 
i, 224, 

Sulphur-blue, constitution of (Binz and 
Rath), i, 445. 

Sulphuric and Sulphurous acids. See 
under Sulphur. 
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Sunlight, tropical, photosynthesis in 
(Dhar and Sanyal), ii, 884. 
Snprarenals, cholesterol content of ( Par- 
son and Marza), i, 1846. 

Suprarenal powders, detection and de- 
termination of adrenaline in ( Bailly), 
ii, 248. 

Surfaces, thermodynamics of (Gay), ii, 
539 . 

Surface energy and adsorptive power of 
solids (Iljin), ii, 856. 
and adsorption at phase boundaries 
(Iljin), ii, 958* 

Surface tension ( Brillouin), ii, 496. 
determination of (DU Nolly), ii, 279 ; 
(Carver and Hovorka), ii, 647 ; 
(Molodyi and Pavlov), ii, 1142. 
from capillary rise (Sugden), ii, 
497. 

cause of (Kennard), ii, 1046, 1148; 
(Adam), ii, 1046. 

and the scattering of light by liquids 
(Raman and Ramdas), ii, 952, 
1046. 

relation between heat of vaporisation 
and (PlAcinteanu), ii, 89. 
relation between foaming power and 
(Qstwald and Steiner), ii, 771. 
effect of concentration on (Schecht- 
mann), ii, 1148. 

and surface energy (Williams), ii, 
386. 

during esterification (Cauquil), ii, 
964. 

of aqueous solutions against oils 
(Howard and Sollman), ii, 109. 
of higher fatty acids (Frumkin), ii, 
856. 

measurement of, in biological fluids 
(Brinkman and von der Velde), 

i, 468. 

of crystals against saturated solutions 
(Soep), ii, 1046. 

of dilute electrolytes (Wagner), ii, 
S87. 

of liquid films (Marcelin ; D rla- 
place), ii, 772, 

at interface of liquids (du Nquy), 

ii, 647. 

of salt solutions, effect of capillary - 
active substances on (Seith), ii, 
961. 


negative (Adam and Jessqp), ii, 772. 
Swelling (Clarke), ii, 863. 


measurement of (Thiessen and 
Carius), ii, 620, 

effect of alcohol on (Loebknstein), 
(^) f ", 520; (K 


Symmetry, tetrahedral and octahedral, 
tridentate groups in (Smith), ii, 8 41. 
Syphilis (Fordyoe, Rosen, and Myers), 
i, 189, 611. 

action of bismuth in (Bevaditi, 
Nicolau, Salgue, and SoHOEN), 
i, 463. 

effect of “sallueu” in (Bering), i, 
858. 

Systems; critical state for (Gay and 
Perrakis), ii, 669. 
binary. See Binary systems, 
disperse, viscosity of (Ostwald), ii, 
392. 

giving colour changes (v. Wei- 
marn), ii, 390. 

heterogeneous, velocity of reaction ^n, 
in relation to rate of stirring 
(Klein), ii, 802. 

conjugated, additive character of 
(Jonesou), i, 1153. 
metastable, velocity of transformation 
of, in relation to temperature 
(Stepanov), ii, 645. 


T. 

Tadpoles, effect of carbamide on the 
nutrition of (KMeneck^ and Pod- 
HRADSKf), i, 612. 

Taka-diastase, hydrolysis by (HatanoJ, 
i, 201. 

lipase from (Ogawa), i, 103. 

Taka-esterase (WillstXttkr and Ku- 
magawa), i, 1213. 

Taka-rennin (Hatafo), i, 102. ^ 

Talc from Armenia (Dittler), ii, 323. 

Tallow, Rambutan, ti-eicosoic acid from 
(Morgan and Holmes), i, 777. 

tf(-)-Talose, and its derivatives (r. 
Braun and Bayer), i, 1382. 

Talosebisdipheuylmethanedimethyl- 
dihydrazone (v. Braun and Bayer); 
i, 1382, 

Tangentimeter (Latshaw), ii, 428. 

Tannins (Freudenberg and Bl^mmel), 
i, 51; (Freudenberg, Fikent- 
soher, and Harder), i, 419 ; 
(Freudenberg, Fikentsohe'r, and 
Wenner), i, 692 ; (Freudenberg, 
Fikbntsoher, Harder, ami 
Schmidt), i, 1165. 
automation of (Tschiroh), i f 856. 
reaction between carbohydrates and 
(Stocks and Greenwood), i, 1165. 
precipitation of gelatin by (Smoro- 
dincev and Adova), i, 84?. 
oakwood (Feist and Brstkhorn), i, 
566. 

in ripening vine-shoots (Picard), i* 
346. 
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Tannins, analysis of, with ferrous tartrate 
reagent (Ware), ii, 444. 
detection of, by the ferric citrate test 
(Ware), ii, 905. 

detection of, in drugs (Ware), ii, 1209. 
determination of, with cinchonine 
(Hooper), ii, 443. 

Tantalum, electron emission from 
(Dushman, Rowe, Ewalo, and 
Kidner), ii, 345. 

Tantalum trichloride, derivatives of 
(Rope and Thomas), ii, 1187. 
iwwtochloride, reduction of (Ruff and 
Thomas), ii, 1187. 

Tantalic acid, and its alkali salts 
(Jander and Schulz), ii, 701. 

Tantalum detection, determination, and 
separation : — 

detection and determination of, and 
its separation from niobium (Powell 
and Schoeller), ii, 1096. 
determination of, aud separation from 
iron (Pied), ii, 442. 

Tar, low temperature, aromatic hydro- 
carbons in (Kkuber), i, 1 1 37. 

Taraktogenic acid, and its silver salt 
(Hashimoto), i, 1284. 

Tartaric acid, preparation of (Milas 
and Terry), i, 780. 
rotatory power of (VLiss and Vel- 
linger), ii, 964. 

in relation to hydrogen-ion con- 
centration (YLfcs and Vellinger), 

i, 356. 

rotatory dispersion of derivatives of 
(Austin and Park), ii, 1028. 
dissociation constants of (Britton), 
ii, 977. 

second dissociation constant of (Paul), 
ii, 116. 

photochemical reaction between 
bromine and (Ghosh and Muk- 
HBRJEE), ii, 1179. 

salts, administration and excretion of 
(Simpson), i, 1211. 

amine antimonyl salts (Christiansen 
and Horton), i, 654. 
aniline trihydrogen salt (Rambech), 
i, 385. 

arsenyl salts with organic bases 
(Debuoquet), i, 973. 
lead salt, solubilities of (Auerbach 
and Weber), i, 1130. 
potassium and sodium salts, hydrates 
of (Lowry and Morgan), ii, 26. 
potassium sodium salt ( Rochelle salt), 
dielectric fatigue in (Yalasek), 

ii, 1118. 

vapour pressure of (Lowry and 
Morgan), ii, 26. 

properties of crystals of (Isely j 
yalasek), ii, 23. 


Tartaric acid, sodium tribismuthyl salt 
(Maschmann), i, 527. 
distinction of citric acid from (Parri), 
ii, 162. 

detection of, in tissues (Klein and 
Werner), i, 871. 

determination of (Francois and 
Lormand), ii, 75. 

determination of, oxidimetrically 
(Taufel and Wagner), ii, 1007. 

meso-Tartaric acid, hydrate of (Ama- 
dori), i, 511. 

Tartarobismuthic acid, sodium potass- 
ium salt, action of, on liver catalase 
(Maubert, Jaloustue, Lemay, and 
Andreoly), i, 614. 

Taurine, methylation and acetylation of 
(Teraoka), i, 1390. 

Tautomerism and additive reactions 
(Ingold), i, 357. 

and the mobility of hydroxyl groups 
(Farrow and Ingold), i, 155. 
of dyads (Ingold), i, 779 ; (Griffiths 
and Ingold), i, 1190. 
of heterocyclic compounds (Heller, 
Buchwaldt, Fuchs, Kleinicke, 
and K loss), i, 1323. 
keto-enolic (Kaufmann and Liepe), 
i, 3 241. 

ring-chain (Durr and Thorpe), i, 140 ; 
(Kon, Smith, and Thorpe), i, 509 ; 
(Rothstein, Stevenson, and 
Thorpe), i, 884 ; (Baker), i, 916* 
three-carbon (Kon and Linktead), i, 
506. 

three -carbon, in the cyclopropane series 
(Goss, Ingold, and Thorpe), i, 
549. 

Teeth, calcium salts in (Liesegang), 
i, 607. 

effect of fluorides in diet of rats on 
(McCollum, Simmondh, Beoker, 
aud Bunting), i, 861. 

Telluridiacetic acid, cftchloro- (Morgan 
and Drew), i, 530. 

Tellurium, molecular weight of (Jouni- 
aux), ii, 187. 

optical constants of (Miller), ii, 751. 
reduction potential of, and the energy 
- and heat of formation of the dioxide 
(Schumann), ii, 670* 
vapour pressure of (Doolan and 
Partington), ii, 278. 
crystal structure of (Slattery), ii 
369. 

hydrosols, coagulation of, by electro- 
lytes (Doolan), ii, 293. 

Tellurium, compounds, acid nature of 
(Karvb), ii, 1188. , ^ 

Tellurium tetmcbloride, interaction of 
acetic anhydride with (Morgan and 
Drew), i, 530. 

59 * 
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Tellurium sw&oxide (Damiens), ii, 316. 
dioxide, fused, electrocapillarity of 
(Simek and Kadloova), ii, 678. 

Tellurium organic compounds (Mor- 
gan and Taylor), i, 634. 
Tellurium /J-diketones, bactericidal 
action of (Morgan, Cooper, and 
Corby), i, 206. 

O-ethyldiwabuty ry lmeth an e tri- 

chloride (Morgan and Taylor), 
i, 634. 

n-nonylacetone trichloride (Morgan 
and Taylor), !, 634. 

Tellurium determination aud separa- 
tion : — 


determination of, and separation from 
selenium (Lenher and Kao), ii, 434. 

Tellurodiaeetic acid, and its salts (Mor- 
gan and Drew), i, 530. 

Temperature, relation of, to density 
(Herz)i ii, 494, 1141. 
corresponding, of solids (Brodsky ; 
Lafuma), ii, 26. 

high, equilibria at (Pushin and Gre- 
benshchikov), ii, 38 ; (v. Warten- 
berg), ii, 576. 

low, constant (Sligh), ii, 756. 
thermodynamic, of gases (Wer- 
theimer), ii, 784. 

Temperature coefficients and mechanism 
of chemical reactions (Rice, Pry ling, 
and Wesolowski), ii, 48. 

Terephthalic acid, 2-amino- and 2-nitro-, 
diethyl and diethylaminoethyl esters, 
and their hydrochlorides (Soderman 
and Johnson), i, 814. 

Terephthaloyl chloride, nitro- (Soder- 
man and Johnson), ii, 814. 

Ternary systems, equilibria in (Sch- 
reinemakers), ii, 869. 
graphic representation of (Urazqv), 
ii, 788. 

Terpenes (Vestekbekg and Borge), i, 
252; (Kondakov and Saprikin), i, 
1163, 1292. 

Terpenes, and their derivatives, cataly tic 
, hydrogenation of (Armstrong and 
Hilditoh), ii, 563. 
autoxidation of (Tschiroh), i, 356 , 
catalytic oxidation of (Kao), i, 687. 
dicyclic, structure of (Slawinski ), i,4 8. 

Terpene compounds (Ruzicka and Ca- 
pato), i, 943. 

higher (Ruzicka and Pfeiffer ; 
Ruzicka, Meyer, and Pfeiffer), 
i, 1419. 


a-Terpineol, resolution of, and its esters 
( Fuller and Kenyon), i, 48, 

‘ between pinenes and 

fe, lipoids in (Sorg), i, 



Testicles, cholesterol content of (Par- 
hon and Marza), i, 1346. 
effect of injection of emulsions of, on 
metabolism (Korenohevsky and 
Carr), i, 1513. 

spermine phosphate from (Rosen* 
heim), i, 180. 

Test-tube stand, improved (Patterson), 
ii, 151. 

Tetany, etiology of, in children (Ander- 
son and Graham), i, 330. 
effect of cod-liver oil on metabolism in 
(Lnr), i, 725. 

parathyroid, and its effect on calcium 
of the blood (Cameron and ‘Moor- 
hotjse), i, 857. 

Tetra-acetoxy^'chlorodititanium chlor- 
ide (Uiua and Monath), i, 531. 

Tetra -acetoxydffiydroxydi titanium 
chloride (Giua and Monath), i, 
531. 

Tetra -acetyldextrose -1 -pyridinium 
tetra-acetyldextrose f-sulphate (Ohle 
and Bourjan), i, 634. 

Tetra-acetylmucic acid, salts and methyl 
ester of (Simon aud Guillaumin), i, 
116. 

Tetra-allylammonium iodide, compound 
of iodoform with (Stbinkopf and 
Bessaritsch), i, 495. 

a-Tetra-amylose nitrates (Pringsheim, 
Leibowitz, and Silmann), i, 1244, 

Tetra-anhydrotetraHsdiphenyl- 
germanediol (Morgan and Drew), 
i, 1197. 

Tetra-anisylethylene sulphide (Sohon- 
berg, Rosenbach, Krull, and Ost- 
wald), i, 1301. 

Tetra-arseuoaoetic acid, sodium salt, 
therapeutic action of (Barbour, Rir>- 
out, and Claydon), i, 733. 

Tetrabenzylmethane (Trotman), i, 383. 

Tetra- (4-carbethos:y*2:3-dimethyl* 
pyrryl) ethane (Fischer and Seller), 
i, 1333. 

Tetra- (4-carhethoxy*2:3-dimethy 1- 
pyrryl) ethylene (Fischer and 

Beller), i, 1333, 

Tetracarbethoxyellagio acid (Feist and 
BesTehorn), i, 566. 

Tetxachlorodioxyruthenic acid. See 

under Ruthenium. 

Tetradecenoic acid from sperm oil 
(Tsujimoto), i, 1128. 

9;10-Tetraethyk&amiao-9;10-dihydro- 
anthracene, l:5-^chloro- (Barnett, 
Cook, and Matthews), i, 1140. 

Tetraethylammonium iodide, concentra- 
tion cells containing (Grant), ii, 
301. 

compound of iodoform and (Stbin- 
kopf and Bessaritsch), i, 495, 
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/fy«C- 6 -Tetraethylglucose (Hess and 
Salzmann), i, 1383. 

Tetraethylmethane. See 77 * Diethyl- 
pentane. 

Tetraethylsnccinic acid, imide and 
nitrile of (Dox), i, 797. 

Tetrahydroacridine, and amino-, chloro-, 
and nitro-, and their derivatives 
(Perkin and Sedgwick), i, 63. 

Tetrahydroacridone, amino- and nitro- 
derivatives, and their derivatives 
(Perkin and Sedgwick), i, 64. 

1 :2: 3:4-Tetrahydroanthracene, deriv- 

atives Of (SCHROETER, GLUSCHKE, 
van Hulle, and Gotzky), i, 
128, 

Tetrahydroanthranil, G* amino-, and its 
derivatives (v. Auwers, Bahr, and 
Frese), i T 312. 

1 :2:3:4-Tetrahydroanthraqninone 
(Schroeter, Gluschke, van Hulle, 
and G6tzky), i, 128. 

Tetrahydrobenzothioehromanones 
(Krollffeiffer, Schultze, Schlum- 
bohm, and Sommermeyer), i, 1305. 

Tetrahydrobenzwooxazoles (v. Auwers, 
Bahr, and Frese), i, 308. 

Tetrahydroberherine, 6-nitro- (Ha- 
worth and Perkin), i, 970. 

Tetrahydrocarhazole, derivatives of 

(Linnell and Perkin), i, 62, 

Tetrahydrofnrfuraldehyde (Scheibler, 
Sotsohek, and Friese), i, 1298, 

Tetrahydrofurylbntylcarbinol, and its 
acetate (Pierce and Adams), i, 
825. 

Tetrahydro-if/-glucal diacetate (Berg- 
Mann), i, 887. 

Tetrahydroindazoles (v. Auwers, v. 
Bass, and Wittekindt), i, 1181. 

Tetrahydroindene (Zelinski and Boris - 
sov), i, 122 . 

Tetrahydroj atrorrhizine , derivatives of 
(Si\&THand Dusohinsky), i, 1313. 

Tetrahydrolupulon, and its salts (Woll- 
Mrr), 1, 691. 

Tetrahydro-a-methylmorphimethine, 
chloro-, salts of (Speyer and Bouden), 
i, 59. 

Tetrahy dr 0 - 7 -methy lmorphim ethine , 
and its . derivatives (Speyer and 
Bouden), i, 60. 

Tetrahydro-a-methylmorphimethine-Y’ - 

oxide-sulphonic acids (Speyer and 
Bouden), i, 60. 

1 : 2; 3 : 4-Te trahy dr 0 - 1 -methyl-2-naph- 
thoxc acid (v, Auwers and M Older), 
i, 404. 

Tetrahydronaphthalene, action of alu- 
minium chloride with (Schroeter, 
van HuLlk, Gluschke, Stier, and 
Madder), i, 125. 


Tetrahydronaphthalene, ^-2-nitro-l- 
oximino- (Straus and Ekhard), i, 
1138. 

Tetrahydronaphthalenes, bromonitro- 
(YeselV and Ohudozilov), i, 
1056. 

4-ar-Tetrahydronaphthalene, 4-a-nitro- 
(Kowe and Tarbett), i, 317. 

a-ftr-Tetrahydronaphthaleneazo-a-naph- 
thylamine (Eowe and Tarbett), i, 
317. 

a Tetrahy dronaphthaleneazo»Gr- 
tetrahydro-a*naphthylamine (Rowe 
and Tarbett), i, 317. 

X :2 : 3:4-Tetrahydronaphthalene-l:2- 
carhoxylic acid, and its anhydride 
(v. Auwers and M6ller), i, 404. 

czsTetrahydronaphthalenediols, borates 
of (Hermans), i, 501. 

ar- Tetrahydro-j 8 -naphthol, derivatives 

0f(CHEMISCHEFABRlKV0N HEYDEN), 

i, 1407. 

1- Tetrahydronaphthoylmethylmalonic 
acid, potassium hydrogen salt 
(Schroeter, van Hulde, and Mil- 
der), i, 130. 

2- Tetrahydronaphthoylmethylmalonic 
acid, and its salts and .ethyl ester 
(Schroeter, Gdusohke, van Hulde, 
and GOtzky), i, 128. 

j 8 -l -Tetrahydronaphthoylpropionic acid, 
(Schroeter, van Hulle, and MUd- 
ler), i, 130. 

j8-2-Tetrahydronaphthoylpropionic acid, 
salts of (Schroeter, Gdusohke, van 
Hulle, and Gotzky), i, 128. 

1 :2:3:4-Tetrahydronaphthyl-l-acetic 
acid, and its copper salt and ethyl 
ester (Schroeter, Zajdek, and Hoff- 
man, n), i, 677, 

l:2:3:4-Tetrahydronaphthyl-l-acetic 
acid, 1 -hydroxy-, and its ethyl ester 
and hydrazide (Schroeter, Zadek, 
and Hoffmann), i, 677. 

7 - 1 -Tetrahy dr onaphthyl-?i-hutyric acid 
(Schroeter, van Hulle, and T0h 

l ler), i, 131. 

7 -Tetrahydronaphthylcrotonolactone 
(Schroeter, Gluschke, van Hulle, 
and GStzky), i, 128.; 

£ - 1 - Tetrahy dr onaphthylthiolpropionxc 
acid (Krollffeiffer, Schultze, 
Schlumbohm, and Sommermeyer), 
1, 1305. 

Tetrahydronaphthylylene-l-acetic acid, 
and its ethyl ester (Schroeter, 
Zadek, and Hoffmann), i, 677. 

l:2:3:4-Tetrahydrophenanthrene, . spec- 
trochemistry and structure of (v. 
Auwers and Kraul), i, 900. 
and its picrate . (Schroeter, van 
Hulle, and Miller), i, 131. 
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4 - T etrahy dr oquinolone , preparation of 
(British Dyestuffs Corporation, 
Ltd., Perkin, and Clemo), i, 697. 

Tetrahydrostigmasterol, and its acetate 
( W indaus and Brunken), i, 394. 

TetrakistrimethylstibinepalladouB 
chloride (Morgan ana Yarsley), i, 
378. 

Tetrakistrimethylstibineplatinous salts 
(Morgan and YarSley), i, 378. 

“ Petralm,” surface tension of (Grun- 
maoh and Sohweikert), ii, 31. 

5- Tetralone. See l-Keto-l:2;3:4-tetra- 

hydronaphthalene. 

Tetramereoriaceto-o-toluidide acetate 
(Rossi and Boochi), i, 601. 

cc:3:4:5-Tetramethoxyacetophenone, and 
its semicarbazone (Pratt and Robin- 
son), i, 423. 

1 :2:6 :7-Te tramethoxy-9 - an throne 
(Jaoobson and Adams), i, 1077. 

SrS'^d'-Tetramethoxybenzoylconma- 
ranone, bromo- (Dean and Nieren- 
stein), i, 963. 

TetxamethoxybenzoyldihydrocoTimar- 
ones, and their phenylhydrazones 
(Dean and Nierenstein), i, 281. 

6:7:2':S'-Tetramethoxy-2-benzoyl- 
l:2-dihydrowoquinoline, 1-cyano- 
(Haworth and Perkin), i, 968. 

Tetra-^-methoxybenzpinacolin (Tif- 
feneau and Orekhov), i, 680. 

Tetrame thoxybenzyl dihydro coumaro nes , 
a-hydroxy-, and their acetyl deriv- 
atives (Dean and Nierenstein), i, 
281. 

6:7 :2' :3'-Tetramethoxy-2-benzyl-l :2- 
dihydrowoquinoline, 1-cyano- and 
1 -hydroxy- (Haworth and Perkin), 
i, 968. 

6:7:3' :4'-Tetramethoxy-2-benzyl- 1:2- 
dihy dr ofsoquinoline , 1-cyano- and 
1-hydroxy- (Haworth, Perkin, and 
Rankin), i, 969. 

6:7 :2':3'-Tetramethoxy-2-benzyl-3:4- 
dibydroisoqninolinium iodide (Ha- 
worth and Perkin), i, 968. 

6:7:3 / :4 , -Tetrametboxy-2-benzyl-3:4- 
dibydrowoquinolminm salts (Ha- 
worth, Perkin, and Rankin), i, 
969. 

6:7:2' :3'-Tetramethoxy-2-benzyl-3*.4- 

. ■ ; dihydro- 1-woquinolone (Haworth 

and Perkin), i, 968. 

ftS'^'iS'-Tetramethoxybenzylidene- 
eoumaranone, and bromo-, and its 

. and Nierenstein), 

• 1 and Per- 


6:7:2':3'-Tetramethoxy-2-benzyl-l-nitro- 
methyM^:3:4-tetrabydrowoquinoline 
(Haworth and Perkin), i, 968. 

6:7: 3':4'-Tetramethoxy-2-benzyM -nitro- 
methyl- 1 :2 :3:4-t etrahy dro&oquinoline 
(Haworth, Perkin, and Rankin), 
i, 969. 

6 :7:2 / :3 / -Tetramethoxy-2-benzyl-l-iao- 
quinolihe (Haworth and Perkin) , 
i, 968. 

6 :7 :3':4'-Tetramethoxy-2-benzyl-l-&o- 
quinoline (Haworth, Perkin, and 
Rankin), i, 969. 

6:7:3' :4'-Tetramethoxy-2-benzyl&oqnba- 
olinium bromide and iodide (Ha- 
worth, Perkin, and Rankin), i, 969. 

6:7:2':3'-Tetramethoxy-2-benzyI-l:2:3:4- 
tetrabydroMoquinoline, and 1-eyano- 
and 1 -hydroxy-, and their salts 
(Haworth and Perkin), i, 968. 

6;7:3':4'-Tetramethoxy-2-benzyM:2:3:4- 
tetrahydrowoquinoline, and 1-cyano- 
and 1-hydroxy- (Haworth, Perkin, 
and Rankin), i, 969. 

6 :7 :2' :3'-Tetrametboxy-2-benzyM:2:8:4- 
tetrahydroisoqumoline-l-carboxyl- 
amide (Haworth and Perkin), i, 969. 

Tetramethoxydibenzoyldimethylbenz- 
enes (de Diesbaoh and Strebel), 
i, 1436. 

5:7:3':4'-Tetramethoxyflavan, 4-hydr- 
oxy-, and its acetyl derivative (Hier- 
enstein), i, 279. 

4.-3':4';6 , -Tetramethoxyflavanone, and 
wonitroso- (Dean and Nierenstein), 
i, 962. 

S^iSH'-Tetramethoxyflavylium salts 
(Pratt and Robinson), i» 826. 

4:4': 7 :7'-Tetramethoxyindigotin ( Ru - 

BENSTKIN), i, 1279. 

3 : 7: 3' :4' » Te tramethoxy-2* styry lchrom- 
one, 6-hydroxy- (Robinson and Shi* 
noda), i, 1302. 

Tetramethylacetonedicarboxylic an* 
hydride. See j3-Keto*«a7y-tetra- 
methylglutaric anhydride. 

4:4'-Tetramethyldmminobenzophenone, 
additive compounds of, with resorcinol 
and a-naphfchol (Pfeiffer, Goebel, 
and Angern), i, 202. 

9 :10-TetramethyWmmino-9: 10-dihydro- 
anthracene, l:6-^ichloro- (Barnett, 
Cook, and Matthews), i, 1140. 

^'-Tetramethy aminodiphenyl ( Y or* 
LANDER), I, 1258. 

9; lO-Tetramethyl^iaminodiphenyl-9 :10- 
dihydroanthraoene (Barnett, Cook, 
and Matthews), i, 648. 

9:10-Tetramethylc2mminodiphenyl-9:10- 
dihydroanthraeene, l:5*oichloro* 
(Barnett, Cook, and Matthews), 
i, 1140. 
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Tetramethylammonium teirachloro- 
fenate (Remy and Rqthb), ii, 
1089. 

Tetramethylarsonium stannic iodide 
(Auger and Karantassis), ii, 814. 

Tetramethylbenzopyrans (Claisen), i, 
277. 

9:lQ-TetramethyldianiUnoanthracene, 
l:5-dfc*chloro- (Barnett, Cook, and 
Matthews), i, 1899. 

2 :2':5:5'-Tetramethyl-4:4'-dipyrryl- 
methane-SiS'-dicarboxylic acid, ethyl 
ester (Fischer and Nenitzescu), 
i, 833. 

Tetramethyldistannane, disodium deriv- 
ative (Kraus and Greer), i, 1394. 

A: A r/ :^ 7 ’ // :iY // -Tetrametliyl-i\ r - ethyl- 
guanidine (.Lecher, Grab, and Gna- 
dinger), i, 1393. 

Tetramethylgalactose (Haworth, 
Ruell, and Westgarth), i, 117, 

Tetramethylglucose, rautarotation of, in 
various solvents (Lowry and Rich- 
ares), i, 886. 

Tetramethylguanidines, preparation of 
(Schenck and v. Graevenitz), i, 
377. 

Tetramethylhmmatoporphyrin ester, 
isomerism of (Fischer and Muller), 
i,. 846. 

Tetramethylmethylgalactoside (Ha- 
worth, Ruell, and Westgarth), 
i, 117. 

ScS'^'iS'-Tetrametbylmyricetin, and its 
diacetyl derivative (Kalff and Rob- 
inson), i, 423. 

Tetramethylnaphthalene, and its picrate 
(Brinrr, PLtiss, and Paillarp), i, 
249. 

Tetramethylquinamide (Karker, Wid- 
mer, and Rise), i, 673. 

1:3:7 :9~Tetramethyluric acid, action of 
alkalis on (Gatewood), i, 1189. 

Tetranaphthyleneci/cZoootatetraene. See 
Dehydrofluoroeyclene. * 

Tetra-oxymethylene, and its diacetate 
(Staudinger and L#thy), i, 361. 

Tetraphenylcaxbazide (Feigl), i, 170. 

l:3:4:6-Tetraphenyl-l:4-dihydro-l:2;4: 5- 
tetraziae, 1 : 4-di-^-bromo and l:4-«- 
2 / :4'-^mbromo- (Chattaway and 
Walker), i, 930, 

Tetraphenyldipyxoxonium perbromide 
(Arndt, Soholz, and Nachtwey), 
i, 58. 

2:6:2':8'-Tetraphenyl-4:4'>dipyrylene 
(Arndt, Bcholz, and Nachtwey), 
i, 58. 1 

Tetraphenylgerm&ne (Morgan and 
Drew), i, 1197. 

T etrapheny 1- 1 -methy lpyrr ole (Perkin 
and Plant), i, 843. 


Tetraphenylsucciaodilactones, 2 :2 -di- 

hydroxy-. See 2:2'-Diketo*8:3'-di- 
phenyl-3:3'-dicoumaranyls. 

Tetraphenyl^'thiopyrylene (Arndt, 
Nachtwey, and Pusch), i, 1312. 

Tetrapropylammoninm iodide, com- 
pounds of, with bromoforra, chloro- 
form, and iodoform, and the iniodide 
(Steinkopp and Bessaritsch), i, 
495. 

Tetrazole, cyano-, action of hydrazine 
on (Oliveri-MandalA), i, 78. 

Tetrolaldehyde p-nitrophenylhydrazone 
(v. Auwers and Daniel), i, 1181. 

Tetryl. See Phenylmethylnitroamine, 
jSnnitro-. 

Textiles, action of ultra-violet light on 
(Heermann), ii, 144. 
absorption of water by (Shorter), 
ii, 789. 

Thallium, absorption spectrum and dis- 
persion of the vapour of (Narayan, 
Gunnaiya, and Kao), ii, 5 ; (Rao), 
ii, 455. 

spark spectrum of (Rao), ii, 610 ; 

(Carroll), ii, 1101. 
vapour, resonance radiation from 
(Narayan and Rao), ii, 338. 
transformation of <*- into £- (Asa- 
hara), ii, 483, 645. 
effect of allotropy on growth of 
crystals of (Asahara), ii, 637. 
possible transformation of lead into 
(Russell), ii, 924. 

Thallium alloys with cadmium and lead 
(Di Capua), ii, 787. 

Thallium compounds, isomorphism of, 
with those of rare earth metals 
(Zambonini and Oarobbi), ii, 272 
Thallous bromide and chloride, crystal 
structure of (Lunde), ii, 941. 
chloride, activity coefficient of 
aqueous solutions of (Randall 
and Vansblow), ii, 8$. 
double selenates (Lindsley and 
Dennis), ii, 584. 

solenide (Moser and Atynski), ii, 
583, 

sulphate, double salts of neodymium 
sulphate and (Zambonini and 
Oaglioti), ii, 1185. 
cobalt and nickel sulphates (Tut- 
ton), ii, 749. 

Thallous lanthanum sulphates 
(Zambonini and Oarobbi), ii, 
579, 

sulphide, equilibria of, with arsenic 
and lead sulphides (Cannxri and 
Fernandes), ii, 887. ; 

telluride (Brukl), ii, 895. 

Thallie thallous halides (Berry), 
ii, 59. 
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Thallium organic compounds 
Thallium alkyl and aryl halides and 
salts (Krause and v. Crosse), i, 
378,1252. 

Thebaine, constitution of (Wieland and 
Kotake), i, 1448. 

action of cyanogen bromide on (Speyer 
and Kosenfeld), i, 982, 

Thehenone, and its derivatives (Wieland 
and Kotake), i, 1093. 

Theobromine, and its derivatives, salts 
of (Knoll & Co.), i, 828. 

Theophylline, salts of (Knoll & Co.), 
i, 828. 

riboside, ' triaeetylriboaide, xyloside, 
and triacetylxyloside (Levene and 
Sobotka), i, 1463. 

Therapeutic compounds (Wellcome 
Foundation, Ltd., Gray, and 
Henry), i, 1446. 

Thermal conductivity of wires and rods 
(Barratt and Winter), ii, 756. 
expansion of fused salts (Lorenz and 
Herz), ii, 950. 

of alkali halides (Henglein), ii, 
950. 

reactions, temperature-coefficients of 
(Dhar), ii, 135. 

and photochemical reactions (Dhar 
and MukbRJI), ii, 809. 
Thermochemical data (Swzentoslaw- 
ski), ii, 540, 1139 ; (Swientoslawski 
and Popov ; Swientoslawski and 
Starczevska), ii, 1139. 
Thermochemistry of diazo compounds 
(Swientoslawski ; Swientoslaw- 
ski and Blaszkovska), ii, 1044. 
of organic compounds (Parks and 
Kelley), ii, 949. 

Thermodynamics, laws of, and the 
equation of state (Koltschin), ii, 
1061. 

third law of (Webb), ii, 867. 

Willard Gibbs’ work on (Miller), ii, 
399. 


of solutions of electrolytes (Harned), 
ii, 977. 

potentials in (Freundlioh and 
Ettisoh), ii, 873. 
of surface action (Gay), ii, 539. 
Thermo-electric power and the Hail 
coefficient (Heaps), ii, 1135. 
Thermo-electricity of electrolytes 
(Thiele), ii, 545. ■ . • 

Thermo-element, vacuum (Moll and 
Burger), ii, 613. 

'Thermometer j . air differential ( N o yes), 


(van Dusen), ii, 


preparation of (Proesche r 
»?,i, 597. ' 



Thiazine series, preparation of keto 
derivatives of (Aktien-Gesellhohaft 
F ttR Anilin-Fabrikation), i, 596. 

Thiazoles (Bogert and Qhertcoff), i, 
315. 

Thiazole colouring matters (Bogert 
and Chertcoff), i, 80. 

Thiazole-purple (Konig and Meier), i, 

705. , 

a-Thienylmethyl bromide (v. Braun, 
Fussganger, and Kuhn), i, 1403. 

a-Thienylmethylallylaniline, and its 
salts (v, Biiaun, Fussganger, and 
Kuhn), i, 1403. 

a-Thienylmethylbenzylmethylamine, 
and its salts (v. Braun, Fussganger, 
and Kuhn), i, 1403. 

a-Thienylmethylfurfurylmethylamine, 
and its salts (v. Braun, Fussganger, 
and Kuhn), i, 1403. 

a-Thienyimethylthiocarbimide (v. 
Braun, Fussganger, and Kuhn), i, 
1403. 

a-Thienylmethyltrimethylammonium 
salts (v. Braun, Fussganger, and 
Kuhn), i, 1403. 

Thioamides, action of sulphur chloride 
on (Ishikawa), i, 1149. > 
condensation of nitriles with (Ishi- 
. kawa), i, 917, 1149. 

TKiohaciUus tUo-oxidans , nutrition and 
physiology of (Starkey), i, 1015. 

Thiocarbamide [thiourea), constitution 
of (Lecher), i, 1390 } (Leoher 
and Heydwetller), i, 1392. 
oxidation of, by charcoal (Freundlich 
and Fischer), if, 307. 
condensation of, with dihydroxy- 
acetone and with methylglyoxal 
(Sjgllewa and Seeicles), i, 1175. 

Thiocarbamides, substituted (Dainh, 
Brewster, Malm, Miller, Manb- 
val, and, Sultzabergrr), i, 
1063. 

aryl derivatives, reactions of, with 
sulphur and amines (Levi), i, 
445. 

Thiocarbamide-diacetic acid, ethyl esters 
(Johnson and Renfrew), i, 588. 

Thiocarbanilide, formation of (Sned- 
ker), i, 885. 

Thiocarbimides (mthiocyanates), form- 
ation of, from thiocyanates (Bil- 
leter), i, 1051. 

aromatic substituted, addition of ethyl 
sodioacetoacetate to (Worrall), i, 
244. - 

Thiocarbohydrazide, derivatives of 
(Guha and Db), i* 599, 

Thiocarbonic acid, $-£-riaph thy 1 and 
pyrocatechyl esters (Autenrieth and 
Hefner), i, 1376. 
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Thio carbonyl chloride, preparation of, 
and its derivatives (Autenrieth and 
Hefner), i, 1376, 

Thiocyanates, conversion of, into thio- 
carbimides (Billeter), i, 1051. 
detection of, in organic matter (Dance* 
wortt and Pfau), i, 196. 
detection and determination of, in 
presence of cyanides (Schuler), ii, 
432,712; 

determination of, bromometrically 
(Oberhauser), ii, 828, 
determination of, colorimetrically 
(K, 0. and D. F. H. Bailey), ii, 
447. 

Thiocyanic acid, potassium salt, reaction 
of ferric chloride with (Bailey ; 
Bailey and Kidd), ii, 422. 

Thiocyanines (KSnig and Meier), i, 
705. 

Thiocyanogen, preparation of (Kauf- 
mann and Kogler), i, 1252. 
action of, on unsatnrated compounds 
(Soderback), i, 899 ; (Challenger 
and Bgtt), i, 936. 

reaction of azoimide with (Wilcoxon, 
McKinney, and Browne), i, 
1051. 

Thiodiazines (Bose), i, 167, 1465. 

Thiohydrates (Biltz and Keunecke), 
ii, 986* 

Thioindican. See 3-Oxy(l)thionaphthen 
glucoside. 

Thioketones (SohOnrerg, Rosenbaoh, 
KiiiiLL, and OstwaLd), i, 1300. 

Thionacetanilide, m-bromo- and ^-iodo- 
(Worrall), i, 244* 

Thionacetoanisidides (Worrall), i, 244. 

Thionaceto-m-toluidide (Worrall), i, 
244* 

Thionaphthen, hydrogenation of 
(Feicke and Spilker), i» 249, 1311. 

2- Thionaphthen-9'-anthraceneindolig- 
none (Sander), i, 982. 

3- Thionbenzoyldiphenyl-2: 3- dihydro- 
I^:4rtriazoles (Fromm and Truka), 
i, 704* 

Thionic acids. See under Sulphur. 

Thionium compounds, heats of formation 
of (Tsohelincev), ii, 480. 

Thionmalono-^-anisidic acid, and its 

. acetyl derivative, ethyl ester (Wor- 
rall), i, 244. 

Thionmalono-w-brornoanilic acid, and 
its acetyl derivative, ethyl ester (Wor- 
rall), i, 244. 

Thionmalono-p-chloroanilic acid, and 
its acetyl derivative, ethyl ester 
(Worrall), i, 244* 

Thionmalono-^-iodoanilic acid, and its 
acetyl derivative, ethyl ester (Wor- 
rall), i, 244* 


Thionmalono-a-naphthylamic acid, and 
its acetyl derivative, ethyl ester 
(Worrall), i, 244. 

Thionmalono -^-phenetidic acid* and its 
acetyl derivative, ethyl ester (Wor- 
rall), i, 244. 

Thionmalono -m-toluidic acid, and its 
acetyl derivative, ethyl ester (Wor- 
rall), i, 244. 

3-Thion-l:2:3:4-tetrahydro-l :2 4-benz- 
triazine, and its derivatives (Guha 
and Ray), i, 1462. 

Thiophen, and its derivatives, spectro- 
chemistry of (v. Auwers and Kohl- 
haas), i, 150. 

poisoning of catalysts by (Kubota and 
Yoshikawa), ii, 805. 
derivatives, synthesis of (Chrzasz- 
czewska), i, 956. 

Thiuronium salts, constitution of 
(Lecher), i, 1390 ; (Lecher and 
Heydweillbr), i, 1392. 

Thorium, preparation of (van Arkel 
and de Boer), ii, 1193, 
j3-ray spectra of the disintegration 
products of (Black), ii, 922. 
velocity of ex-particles from (Rosen- 
blum), ii, 463. 

emanation (Batscha), ii, 177. 

Thorium hydroxide, precipitation of, 
electrometrically (Britton), ii, 
1203. 

oxide {tkoria), catalytic activity ; of 
(Komatsu and Tanaka), i, 905. 
catalytic activity of reduced copper 
and nickel and (Komatsu and 
Masumoto), ii, 1071. 
promoter action of, on catalytic 
nickel (Russell and Taylor), 
ii, 1071. 

Thorium separation ; — 
separation of, from zirconium and rare 
earth metals (Fernandes)., ii, 
426. 

Thorium-#-}- C, magnetic spectrum of 
jS-rays of (Yovanovitoh and b'Es- 
HNe), ii, 176 ; (Pohlmeyer), ii, 347. 

Thorium-#, 'C, and -D, spectra of 
(Black), ii, 177. 

Thorium-X production of, by recoil 
(Briggs), ii, 922. 

determination of (Gazzoni), ii, 441. 

Thoron. See Thorium emanation. 

Thrombin (WShlisoh), i, 1486* 
theory of the action of (W6 hlisoh), 
i, 452. 

detection of, in blood (Stuber and 
Kuhn), i, 452. 

detection of, in oxalate plasma (Stuber 
and Lee), i, 94, 

Thymine, 4:5 -^hydroxy- (Baudisoh 
and Davidson),* i,|llQ0. 
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Thymol, surface tension of aqueous 
solutions of (Edwards), ii, 387. 
catalytic reduction of (Dominikie- 
WICZ), i, 146. 

Thymol-blue, dissociation constant of 
(Holmes and Snyder), ii, 325. 

Thymus, histones of the (Felix), i, 
1203. 

Thyroglobulin, precipitation reaction of 
(Hkktoen and Sohulhof), i, 1 34 5. 

Thyroid, pharmacology of preparations 
of (Haffner and Komiyama), i, 
1119. 

absorption, distribution and determin- 
ation of iodine in the (Kabino- 
Vitsch and Frith), i, 1488 * 
(Abelles and Popper ; Pick- 
worth), i, 1489. 

iodine in the blood of (Gley and 
Cheymol), i, 456. 

lipases from (Hbrzfeld and Engel), 

i,201. 

goat’s, iodine in (Arnold and Gley), 
V 325* 

normal and diseased, constituents of 
(Weir), i, 1491. 

Thyroidectomy, fat and cholesterol in 
blood after (Heokscher), i, 999. 

Thyroxin, ultra-violet ahsortion spectrum 
of, and its constitution (Hioks), ii, 
473. 

Tiglic aldehyde phenylhydrazone (v. 
Auwbks and Kreuder), i, 1454. 

Tin, molecular weight of (Jouniaux), ii, 
489, 

absorption spectrum of the vapour of 
(Narayan and Rao), ii, 927. 
absorption and arc spectra of (Mo* 
Lennan, Young, and McLay), ii, 
454. 

arc spectrum of (Sponer), ii, 454. 
X-ray absorption coefficient of (War- 
burton and Richtmyer), ii, 1103. 
passivity of (Rothmund, Eisenkolb, 
and Steinherz), ii, 131. 
electro-deposition of (Smrz), ii, 677. 
single crystal rods of, thermo-electric 
force of (Bridgman), ii, 1136. 
crystals, tensile strength of (Polanyi 
and Schmid), ii, 752. 
grey and white, specific heats of 
(Cohen and Moesvbld), ii, 950. 

Tin alloys, electrolysis of (Kremann 
and v. Rehbnburg), ii, 313. 
heat of formation of (Biltz and 
Holyersgheit), ii, 268. 
with aluminium, electrolysis of 
g;''' ' ^ji^ann Dellaoher), . ii, 

^ ^ ar ^ ne8s of 


Tin alloys with copper, a-phase boun- 
dary in (Stockdale), ii, 973. 
hardness of (Bauer and Vollrn- 
bruck), ii, 104, 

with mercury, electrolysis of (Kre- 
mann, Kapaun, and Sud an), ii,813. 

with mercury and silver (Tammann 
and Dahl), ii, 502. 

with molybdenum and nickel (Pfaut- 
sch), ii, 536. 

with zinc, electrolysis of (Kremann 
and Baukovac), ii, 679. 

Tin hydride, preparation and properties of 
(Panbth and Rabino vitsch), ii, 
59 ; (Paneth, Haken, and 
Rabinovitsch), ii, 60. 
pharmacology of (Paneth and 
JOACHIMOGLU), i, 197. 

hydroxide, precipitation of, electro- 
metrically (Britton), ii, 1203. 

selenides (Moser and Atynski), ii, 
584, 

tellurides (Brukl), ii, 895. 

Stannous chloride, effect of neutral 
salts on the reaction of ferric 
chloride with (Timofeev, Mu- 
OHIN, and Gurevitsoh), ii, 586. 
iodide, properties of (Freundler 
and Laurent), ii, 1085, 
photochemical properties of 
(Freundler and Laurent), 
ii, 22. 

compounds of, with caesium and 
rubidium iodides (Auger and 
Karantassis), ii, 1182. 

Stannic chloride, distillation of 
(R8hre), ii, 157. 

weighting of silk with and its 
compounds with ethyl amino- 
acetate and acetic acid (Figh- 
ter and Reichart), ii, 193. 
compounds of, with 0-diketones 
(Dilthby), i, 1473. 
iodide, complex compounds of 
(Auger and Karantassis), ii, 
814, 

additive compounds of hexa- 
methylenetetramine and (SO AG- 
MARINI), i, 890. 

Tin organic compounds (Deuce), i, 798. 

Tin dimethyl, derivatives of (Kraus 
and Greer), i, 1394. 
trimethy], and its hydroxide and 
derivatives ( Kraus and Sessions), 
i, 1253 ; (Kraus and Harada), 
i, 1254. 

tetra-p-nitrophenyl (VorlXnder), 
i, 1256. > : 

Stannic halides, compounds of, with 
diamines and polycarboxylio esters 
(Hieber, Becker, and Wagner), 
i, 1325. h 
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Tin organic compounds : — 
Chloro-stannates and -stannites 
(Druce), i, 1096. 

Tin determination and separation 
determination of, electrometric ally 
(Flejsher), ii, 243. 
determination and separation of, in 
alloys (Evans), ii, 826. 
separation of antimony -and (Sac- 
cardi), ii, 159. 

separation of antimony, copper, lead, 
and (Lassieur), ii, 328. 
separation of, from tungsten (Jilek 
• and Lukas), ii, 242. 

Tissues, hydrogen-ion concentration in 
(Schmidtmann), i, 99. 
colloidal processes in stimulation of 
(Lasarbv), i, 1499. 
effect of salts on the adsorption of 
colouring matters by (Mann), ii, 35. 
absorption of salts by (Stubs), ii, 31. 
respiration of (Teeroine and Roche), 
i, 709. 

animal. See Animal tissues, 
normal, and cancer, reducing power of 
(Voegtlin, Johnson, and Dyer), 
i, 99. 

vegetable. See Plant tissues, 
determination of chlorine in (Urbach 
and Fantl), i, 1203. 
determination of cholesterol and its 
esters in (Gardner and Fox), i, 
182. 

determination of copper in (Currie), 
i, 188. 

determination of iron in (Yarusoe), 
i, 724. 

Titanium, preparation of (van Arkel 
and be Boer), ii, 1193. 
arc spectrum of (Behner), ii, 1100. 
vacuum-arc spectrum of (Crew), ii, 
885. 

crystal structure of (Patterson), ii, 
845. 

Titanium alloys with carbon and iron 
(Tamarv), ii, 787. 

Titanium carbide and nitride (Frikde- 
rich), ii, 874. 

dioxide (titania), catalytic action of 
and adsorption of gases by (Bls- 
choff ana Adkins), ii, 568. 
jellies of (Klosky and Marzano), 
ii, 1057. 

Titauous chloride, reduction of nitric 
acid by (Coblens and Bern- 
stein), ii, 804. 

standardisation of solutions of 
(Zintl and Rauch), ii, 1003. 
use of, in electrovolumetric 
analysis (Tom$bk), ii, 243. 
Titanic chloride, reduction of 
(Schmidt), ii, 315. 


Toluene compounds Me = 1. 

Titanium ■ 

Titanic chloride, compound of acetic 
acid with (Fighter and Reichart), 
ii, 194. 

Titanic organic compounds (Giua and 
Monath), i, 5S1. 

Titanium ores, fusion of (Sears and 
Quill), ii, 580. 

Tobacco, dried, fermentation of (Fodor 
and Reifenberg), i, 1519. 

o-Tolidine, preparation of solutions of 
(Roake), ii, 432. 

^-Tolnaldehyde, condensation of, with 
menthone (Samdahl), i, 414. 

o- and ^-Tolualdehydes ^-nitrophenyl- 
hydrazines (Stephen), i, 1131. 

Toluamides, hydroxy-, acetyl, and benz- 
oyl derivatives (Ansoh^tz, Aschen- 
BERG, KUGKERTZ, KRONE, RiBFEN- 
kroger, and Zerbe), i, 666. 

Toluene, sorption of the vapour of, by 
sugar charcoal (Bake and MoBain), 
ii, 193. 

catalytic chlorination of (O. and O. A. 

Silberrad and Parke), i, 1137. 
chlorination of, with selenium (O. 

and 0. A. Silberrad), ii, 1191. 
raercuration of (Copley), i, 844, 
oxidation of (Knoop and Gehrke), i, 
1131. 

electrochemical oxidation of (Mann 
and Paulson), i, 556. 
action of benzoyl peroxide on (Gelis- 
sbn and Hermans), i, 645, 

Toluene* 8:5-c?iamino-2;4^?hydroxy-, 
and its tetra-aoetyl derivate (Hen- 
Rich and G6tz), i* 913. 

^-chloro-, photochemical action of 
iodine on (Silberrad), i, 16, , 
nitration of (Hodgson), i, 1397. 
p-chlorothiol- . (Lecher, Holsoh- 
neider, KAberlb, Speer, and 
St6cklin), i, 399. 

^-nitro-, melting point of (Pushin), 
ii, 277. 

tri nitro-, heat of fusion of (Rinken- 
baoh and Hall), ii, 207. 
2:4:6-rfnnitro-, decomposition of, by 
sunlight (Krauz and Turek), i, 
646 ; (Wiohekt and Donat), i, 
803. 

halogenation of (Ganguly)* i, 647. 

Toluenes, iodo-, isomeric, polarity effects 
in (Shoesmith and Slater), 
i, 16. 

electrolytic oxidation of (Fighter 
and Lotter), i, 1055, 
nitro-, action of light on (Schultz 
aud Ganguly), i, 647. 
o- and j?-nitro-, separation of (Moli- 
nari), i, 880, 
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Toluene compounds , Me = 1 . 

Toluenes, as-trin itro-, reactions of 
(Brady, Hewetson, and Klein), i, 16. 

< 0 -Tolueneazoacetylacetone, and its de- 
rivatives, and 3-nitro- (Bulow and 
Spengler), i, 1102. 

^-Tolueneazoallylformaldoxime (Walk- 
er), i, 1193. 

p- Tolueneazobenzylformaldoxime, and its 
phenylcarbamate (Walker), i, 1193. 

4-^-Tolneneazo -3 : 5 ■ dimethyKsooxazole , 
and 4-m-nitro- (Bulow and Speng- 
ler), i, 1102, 

4-jp-Tolueneazo-3:5-dimethylpyrazole, 
and its salts, and 4-m-nitro- (Bulow 

and Spengler), i, 1102. 

Toluene- 3-azo-oximinoacetotoluidides 
(Karrer, Diechmann, and Haer- 
ler), i, 243. 

4-^-Tolueneazo-l-phenyl-8:5-dimetliyl- 
pyrazole, and 4-m-nitro- (Bulow and 
Spengler), i, 1102. 

l-^-Tolueneazoxy-2-aminonaphthalene 
(Charrier, Crippa, Toia, and 
Bianchessi), i, 591. 

^-Tolnenesulplienanilide (Lecher, Hol- 
SCHNEIDER, KOBERLE, SPEER, and 

StQcklin), i, 390. 

p-Toluenesulp&obenzylamide (Holmes 
and Ingold), i, 1143. 

^Toluenesulphobenzylmethylamide, and 
its hydrochloride (Holmes and In- 
gold), i,. 1143. 

(AToluenesulphonamidobenzaldoximes, 

and the corresponding acetates (v. 
Auwers), i, 1461, 

rt-2-Toluenesulphonamidobenzoiiitrile(v. 
Auwers), i, 1460. 

1 -^-Toluenesulphonamid onaphthalen e - 
8 *sulphonic acid, and its sodium salt 
(Finzi), i, 654. 

Tolnene-o-sulphonic acid, electrochemical 
oxidation of (Fighter and 
Stocker), i, 239, 
indazole ester (v. Auwers), i, 1461, 

Toluene -^-sulphonic acid, esters, alkyl- 
ation by (Finzi), i, 648. 
action of magnesium organic halides 
with (Gilman and Beaber), i, 
802. 

substituted phenyl and tolyl esters 
(SanA ana Joshi), i, 134, 

Toluenesulphonic acids, efinitro-, sodium 
salts (Brady, Hewetson, and Klein), 
i, 16. 

c^a-^-Toluenesulphonoxypropionie acid, 
and its , ethyl ester and amide 

; (Kenyon* Phillips, and Turley), 

^Toto^esulphoii^t chloride, action of 

i •<^:^'-- i ;<'}'iendbi-.(SANA and Joshi) i, 


Toluene compounds , Me =* 1 . 

jo-Toluenesulphonylhydrazine, and its 
derivatives (Frbudenberg and Bl^m- 
mel), i, 52. 

o-Toluenesulphonylindazoles , (v. 

Auwers), i, 1461. 

Toluene-jo'-sulpho-jp-phenetidide, nitro- 
derivatives, and their, derivatives 
(Reverdin), i, 1409. ■. 

^-Toluenethiolsulphonic acid, o-nitro- 
phenyl ester (SIiller and Smiles), 
i, 392. 

m-Toluic acid, 6-thiol- (Krollpfeifper, 
Schultzs, Schlumbohm, and Som- 
mermeyer), i, 1306; (Arndt), i, 
1311. 

^-Toluic acid, 2-amino- and 2-nitro-, 
diethylarainoethyl esters, and their 
hydrochlorides (Soderman and 
Johnson), i, 814. 

w-triehloro-, synthesis of (BOeseken 
and Gelissen), i, 30. 

Toluic acids, hydroxyl amine salts 
(Oesper and Ballard), i, 1233. 

Toluic acids, amino-, separation of 
(Mayer and Schulze), i, 1315. 

o-Toluidine, 3:5-d£brqmo-, additive com- 
pounds of, with metallic salts 
(Hann and Spencer), i, 653. 
5-iodo-, preparation of, and its salts 
and derivatives (Hann and Ber- 
liner), i, 908. 

m-Toluidine, brom o-4 :6-<fo’hydroxy-, 
hydrobromide, and its derivatives 
(Henrich and GOtz), i, 913. 

^-Toluidine, surface tension of aqueous 
solutions of (Edwards), ii, 387. 

Toluidines hydroferricyatiides of (Gum- 
ming), i, 122, 

detection of, colori metrically (Mur- 
ray), ii, 163, 

oo-o- and -p-Toluidineacetophenones, 
hydmones of (Bukoh, Frieden- 
bkrgeu, and Tischbein), i, 41. 
p-Toluidino-a?-anisidino-l:4*naphtha- 
quinone (Fries and Billig), i, 940. 

jS-Toluidinobenzylmalonio acids, eaters 
of (Wayne and Cohen), i, 550. 

3 -Toluidino*5 -ketowoxazoles (Wor- 
rall), i, 308, 

3 -Toluidino-5-ketopyrazoles ( W orrall), 
i, 308. 

1 -Toluidinomethylbenzthiazoles, and 

their derivatives (Hunter), i, 1336. 

2-^-Toluidino-l:4-naphthaquinone, 

3-chloro-2^2V-nitroso- (Fries and 
Billig), i, 939. 

1 -i?-Toluidino-j3-naphthol-4-sulphonic 
acid (Lantz and Wahl), i, 910. 

Toluidino-oximinopinacolin (Rhejn- 
boldt and Sohmitz-Dumont), i, 
1132. 
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Toluene compounds , Me = 1. 
Toluidino-5-phenyl-l:3:4-thiodiazines, 
and their hydrobromides and deriv- 
atives (Bosk), i, 1465, 
m-Toliudino-m-toluthiazole, and its 
derivatives (Levi), i, 445. 
5-Toluidino-4-0-tolyl-l:2:4-triazole, 
3-thiol-, derivatives of (Fromm and 
SzendrO), i, 985. 

p-Toluidino- 3:4:5-trimethoxyphenyl- 
carbinol, and its hydrochloride 
(Sonn and Meyer), i, 932. 
^-Tolniminofsothio-yj-tolnamide, and its 
hydrochloride (Ishirawa), i, 1149. 
p-Toluoyl chloride, 2-nitro- (Soderman 
and Johnson), i, 814. 
Toluoylacetamides, hydroxy-(ANSOHtJTZ, 
AsCHENBERG, KuCKERTZ, KRONE, 

RiepenkrGger, and Zerbe), i, 667. 
o-Tolnoylhenzoic acid, methyl ester 
(Weiss and Korezyn), i, 560. 
o-Toluoylben 2 oic acids (Brand, Lud- 
wig, and Berlin), i, 904, 
m-Tolnoylbenzoic acid, o-4-bromo- 
(Heller and MUller-Bardorff), 
i, 546. 

m-Toluoyl-3 :4:5 6- ^rachloro-2-henzoic 
acid, 2'-hydroxy- (Orndorff and 
Patel), i, 672. 

8-Tolnoyl-a-naphthoic aoid ( Mason), i, 33. 
£-Toluoyloxypropionic acids, and their 
amides (Powell and Johnson), i, 278. 
y-m- and -y?-Tolnoyloxypropyl alcohols 
(Powell and Johnson), i, 278. 
2‘O-Tolnoylphenyldi-o-tolylcarbinol 
(Weiss and Korezyn), i, 560. 
Toluquinone, action of azides with 
(Chattaway and Parkes), i, 985, 
Toluyleneamidine-2-phenyl-o-carhoxylic 
acid. See 4-Mefchyibenziminazole-2- 
benzoic acid, 

m-Tolyl hydroxyethyl ether (Cassella 
& Co.), i, 397. 

jp-Tolyl p*aoetoxy benzyl ether (Pummer* 
ER, PUTTFAKOKEN, and SCHOP- 
flooher), i, 1263. 

&oamyl sulphide (Gilman, Bearer, 
and Myers), i, 1057. 
benzyl ether (v. Braun and Reich), 
i, 1405. 

j3*chloroethyl sulphide (Lecher, 
HoLSCHNEIDER, K6BERLE, SPEEE, 

and StSoklin), i, 390. 
cinnamyl ether (Claisen, Kremers, 
Roth, and Tietze), i, 656. 
methyl ether, 2-amino-, and 5-bromo- 
2-amino-, 2-acetyl derivatives 
(Griffith and Hope), i, 827. 
o- and p-Tolyl acetates, action of sodium 
on (Hall), i, 23. 

^-Tolylacet aldehyde j?-nitrophenylhydr- 
azone (Stephen), i, 1131. 


Toluene compounds , Me = 1. 
0-Tolylacetic acid, w-amino- and its 
derivatives (v, Braun and Reich), 
i, 1407. 

i?-TolyKsoamylsttlphone (Gilman, Beab- 
er, and Myers), i, 1057. 
c-Tolyl anisyl ketone (de Diesbach 
and Strebel), i, 1435. 
o-Tolylarsinie acid (Burton and Gib- 
son), i, 84. 

Tolyl-5-arsinic acids, examine-, and 
nitroamino-, benzoyl derivatives 
(Hamilton and Major), i, 990. 
A^-Tolylbenzimido-yj-tolyl ether (Chap- 
man), i, 1401. 

o-Tolylbenzylketimi^e, and its hydro- 
chloride (Jaspers), i, 936. 
jp-Tolylborneol (Lbduo), i, 821. 
j>-Tolylcamphene (Leduc), i, 821. 
o- and y?-Tolylcarhamic acids, <fo'nitro-, 
esters of (Kniphorst), i, 906. 
o-Tolylcarbamide, 5-iodo-, and its hydro- 
chloride (Hann and Berliner), i, 
908, 

m-Tolylcarbamide, 2:4- and 4:6-<Wnitro~ 
(Giua and Petronio), i, 1397. 
o- and £>- Toly Icarb amides, c&nitro- 
(Kniphorst), i, 906. 

0- Tolylcarhylamine, 5-iodo- (Hann and 
Berliner), i, 908. 

p-Tolylcitronellylamine, and its deriv- 
atives (Rupe and Rindkrknkoht), 
i, 658. 

m-Tolylcyanamide, 4:6-cfamtro- (Giua 
and Petronio), i, 1397. 

1- Tolyl-3:5-diketopyrazolidines, tolyl- 
hydrazine derivatives of (van Alph- 
en), i, 83. 

^-Tolyldimethylaminomethyl-jp-tolyl- 
methane, and its hydrochloride (Som- 
melet), i, 803. 

p-Tolyldiphenylyl-a-naphthylmethyl 
chloride and methyl ether (Dilthey), 
i, 658. 

p*Tolyl dipheny lyl ketone, and its oxime 
(Diltiiky), i, 653. 

/J-Tolylethylamines, w-chloro-, salts and 
derivatives of (v. Braun and Reich), 
i, 1406. 

a-o-Tolyl'3-ethylcarbamide (Knif- 
horst), i, 906. 

o-Tolylethylketimine, and its hydro- 
chloride (Jaspers), i, 936. 
a-ToIyI-££-ethylnitrocarbamides, di- 
uitro- (Kniphorst), i, 906. . 
^-Tolylidenemalonic acid, and its ethyl 
ester (Chrzaszozewsha), i, 956. 
^-Tolylidenementhone, and its hydro- 
chloride (SamDahl), i, 415. 
5.Tolylimino-4-acetyl-2-methyIthiol*4:5- 
dihydrothiodiazole (Guha and Ray ), 
i, 703. 
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Toluene compounds, Me » 1. 

1- Tolyhmino-jS*naphthaquinone(Soci&Tft 
Anonyme des MatiEres Color- 
antes), i, 418. 

5-Tolylimino-2-thion-2: 3:4: 5-tetra- 
liy dro-1 : 3 ; 4- thiodiazole , and its deriv- 
atives (Guh A and RZy), i, 703. 

0- Tolylc^efoiminotolnquinone (Chatta- 
way and Parkes), i, 985. 

2- p-Tolylindazole, 3-cyano-, and its oxide 

(Helle and Spiklmeyer), i, 838. 

1- Tolylindazoles, 4-nitro- (v. Auwers 
and Frese), i, 1102. 

2- jp-Tolylindazole-3-car boxy lie acid 

(Heller and Spielmeyer), i, 838. 

p-Tolylmercuric hydrogen carbonate and 
mercaptan (Kotkn and Adams), i, 236. 

^Tolylmercuri~2:4:6-trinitrophenyl 
(Koten and Adams), i, 237. 

0- Tolylmethylketimine, and its hydro- 
chloride (Jaspers), i, 936. 

a-p-Tolyl-B^methylnitrocarbamide, 2 : 6- 
dinitro- (Kniphorst), i, 907. 

3- m'-Tolyl-5-methylpyrazole, 3:2'-hydr- 
oxy- ( Wittig), i, 279. 

4- p-Tolylmorpholine (Cretcher and 
PlTTENGER), i, 228. 

Tolylnaphthalimide, o -amino- (Chakra- 
varti), i, 162. 

2-Tolyl-a£-naph.thatriazoles, and their 
oxides, and 4-hydroxy- (Oharrier, 
Crippa, Toia, and Bianchessi), i, 591. 

1- #-Tolyl-7m-mphthatriazole-4: 9 - quin- 
one (Fries and Billig), i, 940. 

m-Tolyl-a- and -j8-naphthylamines, di- 
nitro- (Brady, Hbwetson, and 
Klein), i, 16. 

s-o-Tolyl-a-naphthylcarb amide, 5-iodo- 
(Hann and Berliner), i, 908. 

a-m-Tolyl-H-nitrocarbamide, a- 4 ;Q-di- 
nitro- (GitfA and Petronio), i, 1897. 

a-m-Tolyloxy-ct£«dibenzoylethane 
(Conant and Lutz), i, 682. 

a-Tolyloxy-ajS-dibenzoylethylenes ( Con- 
ant and Lutz), i, 6ts2. 

2- p-Tolyloxy-2:3-dihydro-p-benzoquin- 
ouemethane, and its derivatives 
(PUMMERER, PUTTFAROKEN, aud 
Sohqpelochkr), i, 1262. 

p-Tolyloxy-P-oxodihydrobenzodiazphos- 
pholinm (Autenrieth and Bolli), i, 
1469. 

p-Tolyloxy-P-oxotetr&hy&rodiazphos- 
pbolinm (Autenriei h and Bolli), i, 
1469. , 


jp-Tolyloxy-jo-thiodihydrobenzodiazphos- 
pholium ( Aut$$ rieth and Meyer), 

fghoryl dichloride 
i, 807. 
it) 


its deriv- 



Tohiene ('impounds. Me « 1. 

7 -o- and -^-Tolylpropinenee (Bert, 
Dorter, and Lamy), i, 1373. 
,jS-m-Tolylpropionio acid, a-cyano- 
(Baker and Lapworth), x, 30. 

1 -p- Tolyl-2 -pyrrolidone, and its picrate 
(Lipp and Caspers), i, 963. , 

3- Tolylrhodanylidene-A 5;3 -oxindoles 
(Hann), i, 987. 

jo-Tolylselenoglycollic acid, and its salts 
(Morgan and Porritt), i, 1197, 
^-Tolylselenoxyglycollic acid (Morgan 
and Porritt), i, 1197. 

4- p-Tolylsemicarbazide, and its deriv- 
atives (Wheeler and Bost), i, 317. 

jp-Tolylsuccinic acid(CHRZAszozEWsKA), 
i, 956. 

yx-Tolylsulpbonyl-jB-phenylpropionic 
acid (Arndt), i, 1310. 
jS-jn-Tolylsulphonylpropionic acid 

(Arndt), i, 1310. 

jS-jw-Tolyleulphoxypropionic acid 

(Arndt), i, 1310, 

Tolyl-2-thio-4-ketothiazolidines, con- 
densation of, with substituted 
vanillins (Hann), i, 1105. 
jS-^-Tolyl thiol- w-butyric *acid (Kroll- 
PFEIFFER, SCHULTZE, SOHLUMBOHM, 

and Sommermeyer), i, 1305. 
a-p-Tolylthioldiphenylaeetic acid (Bis- 
trzyoki and Risi), i, 1426. 
2^-Tolylthiophen (Ohrzaszczewska), 
i, 956. 

o-Tolyl jo-tclyl ketone (de Diesbaoh 
and Strebel), i, 1435. 

4-o-Tolyl-l-o-tolyltbiocarbamidopbenyl- 
thiosemicarbazide (Guha and Ray), 
i, 1462. 

Tomato plants, nutrition and growth of 
(Kraybill and Smith), i, 1122. 
effect of sodium nitrate on grotv th of 
(Work), i, 1366. 

Torulin (Kinnersley and Peters), 5, 
1516. 

Tourmaline in Dartmoor granite (Bram- 
mall and Harwood), ii, 819, 
Toxicological analysis, See Analysis, 
Toxicology, chemical (Kohn-Abkhst), 
i, 1116. 

Toxins (Karrkr, Weber, and van 
Sloqten), i, 1226. 

con version of, into anatoxins (Berthe- 
lot and Ramon), i, 481. 

Train oil, separation of unsatnrated fatty 
acids in (Toyama and Tsuohiya), 
i, 1129. 

Transfer resistance (Ferguson and 
van Zyl), ii, 547. 

Transport numbers, apparatus for deter- 
mination of (MacInnes and Bright- 
on ; Smith and MacInnes), ii, 
542, 
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Trees, descent of nitrogenous substances 
in leaves of, in autumn fading 
(Oombes), i, 1023. 

deciduous, constituents of leaves of 
(Fricke), i, 764. 

Trehalose in yeast (E. M. and F. C. 
Kooh), i, 1608. 

isoTrehalose, and its octamctbyl ether 
(Sohlubach and Maurer), i, 888. 

Triaeetonamine, nitroso-, catalysis of 
decomposition of, by hydroxyl ions 
(BrOnsted and Kino), ii, 1171. 

w-2:4-Triacetoxyacetophenone (N ieren- 
stein, Wang, and Warr), i, 34. 

2:4:6-Triacetoxybenzaldehyde (Pratt 
and Robinson), i t 826. 

Triacetoxybzhydroxychlorodititanium 
chloride (Giua and Monath), i, 531. 

Triallylacetophenone (Haller, Bauer, 
and Ramart), i, 261. 

TriaUylsulphonium iodide, compound of 
iodoform with (Steinkopf and Bks- 
saritsch), i, 496. 

j8-Triamylose nitrates (Pringsheim, 
Leibowitz, and Silmann), i, 1244. 

Trianhydrostrophanthidin (Jacobs and 
Collins), i, 666. 

Trianhydrotetrakisdiphenylgermanediol 
(Morgan and Drew), i, 1197. 

4:4 / :4 / '-Trianilinotri-m-tolylcarbiiiol 
(Gomberg and Anderson), i, 1065. 

4:4':4 // -Trianilinotri-?n-tolylinethane 
(Gombbrg and Anderson), i, 1065. 

Triaqnotriamminecobaltictriaquotrisul- 
phatocobaltiate. See under Oobalt. 

Triarsenatomanganic acid (Deiss), ii, 
893. 

Triarylcarbinols, o-kydroxy-, tautomer- 
ism of (Gombbrg and McGill), i, 1269. 

Triazine derivatives, thermal properties 
of binary mixtures of (Pascal), ii, 953. 

Triazines, preparation of (Society of 
Chemical Industry in Basle), 
i, 441. 

Triazinetricarboxylic acid, complex iron 
derivatives of (Pascal), i, 984. 

1$: 3-Triazole, 4:5-bicyano-, and its 
derivatives ( Grisc h ke v ithc h -Tkoch i- 
movbki Grischkevitsch-Trqchi- 
MovsKiand Kqtko), i, 1104. 

l:2:3-Triazoleoarboxylic acid, cyano-, 
and its ethyl ester (Grischkevitsch- 
Troohimovski ; Grisohkevitsch- 
Troohimovski and Kqtko), i, 1104. 

Triazoledicarboxylic acid, iV-hydroxy-, 
and its potassium hydrogen salt (Wje- 
land), i, 1050. 

1:2:3 -Triazole«4:5 - dicarhoxylic acid, 

hionoamide of (Grisuhkevitsoh-Tro- 
ohimovbki), i, 1104. 

8:4:5-Tribenzoyloxyhenzaldehyde (Sonn 
and Meyer), i, 982. 


3:4;5-Tribenzoyloxyhenzanilide (Sonn 
and Meyer), i, 932. 

Tribenzylammonium iodide, compound 
of iodoform with (Steinkopf and 
Bessaritsoh), i, 495. 
iniodide (Steinkopf and Bessa- 
ritsoh), i, 497. 

Tribenzylmethylammonium iodide, 
compound of iodine with (Steinkopf 
and Bessaritsoh), i, 495, 

3:4:5-Tribenzyloxybenzanilide (Sonn 
and Meyer), i, 932, 

Tributylcarbinol (Ivanov), i, 503. 

Tributylmethane. See e-Butylnouane. 

Tricarbethoxy glycerol (Allpress and 
Maw), i, 4. 

Tricarbomethoxyglycerol (Allpress and 
Maw), i, 4. 

Tri-^-carboxyphenylbismuthine bi- 
chloride (Supniewski), i, 1473. 

Tricyclene, nitration of (Nametkin and 
Zabrodin), i, 416. 

bichloride. See Camphane, bichloro-. 

Trici/cio-(2, 2, 1, 1, 1, 1 ,)-dodecane- 
5:10:ll:12-tetraone, and its deriv- 
atives (Wedekind, Miller, and 
Weinand), i, 510. 

Triethylamine, action of, on adipyl and 
jB-methyladipyl chlorides (Wede- 
kind, Miller, and Weinand), i, 
510. 

compound of iodoform with (Stein- 
kopf and Bessaritsoh), i, 496. . 

Triethylcarbinyl iodide (Morgan, Car- 
ter, and Duck), i, 877. 

Triethylene insulphide, supposed (Ben- 
nett and Berry), i> 695. 
ifirasulphide, oxidation of, with po- 
tassium permanganate, and metallic 
salts derived therefrom ( Hay), i, 362. 

Triethylphosphine, salts and derivatives 
from (Collie), i, 797. 
additive compound of carbon disulphide 
and (Wibaut), i, 527. 
compounds of, with iodoform (Stein* 
kopf and Bessaritsoh), i, 496. 

Triethylpropylphosphonium iodide 
(Steinkopf and Bessaritsoh), i, 496. 

Triethyltrimethylenetriamine, salts of 
(Graymore), i, 76. 

Trimercuriaceto-o-toluidide acetate 
(Rossi and Booohi), i, 601, 

3;4:5-Tximethoxyacetophenone r oxime 
of, and w- amino-, hydrochloride and 
to-oximo-, and its sodium salt (Sonn, 
Muller, Bulow, and Meyer), i, 932. 

3:4 : S-Trimethoxy-l-y-aminopr opyl- 
benzene (Merck, Wolfes, and Dirrz- 
mann), i, 393. 

1 :2:6-Trlmetboxyantbraquinone, 7- 
hydroxy* (Jacobson and Adams), i, 
1077. 
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l:2:6-Trimethoxy-9-ant3irone, 7 -hydr- 

oxy- (Jacobson and Adams), i, 1077. 

3:4:5-Trimethoxybenzaldehyde, forma- 
tion of, from trimethylgallic acid 
(Sonn and Meyer), i, 931. 

3:4:5-Trimethoxybenz-p-anisidide, and 
its derivatives (Sonn and Meyer), 
i, 932. 

3;4:5-TrimethoxybenzbenzyIamide, and 
its derivatives (Sonn and Meyer), i, 
932. 

3':4': 5-Trimethoxybenzil, 2:4-dft- and 
2: 4 :6 -fr't-hy droxy-, and their acetyl 
derivatives (Marsh and Stephen), 
i, 1158. 

3:4:5-Trimethoxybenzmethylamide, and 
its derivatives (Sonn and Meyer), i, 
932. 

SidrS-Trimethoxybenz'^-toluidide (Sonn 
and Meyer), i, 931. 

5:3':4'-Trimethoxy-4-benzyl-l :2-di- 
hydroconmarone, a:3 :6-£rihydroxy- 

(Dean and Nierenstein), i, 282/ 

5:3':4'-Trimethoxy-4-benzyl-l:2-di- 
bydro-3:6-q.ninoconmarone, a-hydr- 
oxy-, and its acetyl derivative (Dean 
and Nierenstein), i, 282. 

3:4:5-Trimethoxybenzylidenemethyl- 
amine (Sonn, Mulder, Bulow, and 
Meyer), i, 932. 

4(3':4':5'-Trimethoxybenzylidene)-2- 
phenyl-5-oxazolone (Sonn, Muller, 
Bulow, and Meyer), i, 933. 

3:4: 5-Trimethoxybenzylmethylamine, 
and its derivatives (Sonn, Muller, 
Bulow, and Meyer), i, 932. 

3:4:5-Trimethoxy-l-7“broznopropyl- 
benzene (Merck, Wolfes, and Dutz- 
mann), i, 393. 

3:5.7-Trimethoxy-2-(2':4 / -dimethoxy- 
phenyl) henzopyrylium chloride 
(WillstItter and Schmidt), i, 54. 

3 5:7-Trimethoxy-2-3':4'-dimetlxoxy- 
phenylbenzopyrylinm chloride (Will- 
statter, Zbchmeister, and Kind- 
ler), i, 54. 

3:7:2'-Trimethoxyflavone, 5-hydroxy - 

(Kalff and Robinson), i, 1303. 

Trimethoxyglutaric acid, methyl ester 
and diamide of (Hirst and Robert- 
son), i, 365. 

3:4:5-Trimethoxy-l-7-methylamino- 
propylhenzene (Merck, Wolfes, and 
Dutemann), i, 393. 

£-3:4:5-Trimethoxyphenylacrylic a cid, 
o-amino-, benzoyl dei'ivative (Sonn, 
Muller, Bulow, and Meyer), i, 

, 

2#:6-Trim^e . a-bromo-#- 

pbenylethyl ketone (Ireudenberg, 

■ ' and ' Harder), i, 


a-3 A : 5- Trimethoxyphenylethylsimne, 
and its derivatives (Sonn, Miller, 
Bitlow, and Meyer), i, 932. 

3' :5 :7-Trimethoxy-2-ph.enyl-4-styryl- 
benzopyrylinm chloride, 4 / -hydroxy- 
( Walker and Heilbron), i, 693. 

Trimethoxy-2-styrylchromones, mono- 
and ^‘-hydroxy- (Robinson and Shi-, 
noda), i, 1302. 

2:4 / :4' / -Trimethoxytriphenylmethane 
(Gomberg and Snow), i, 660. 

4 4 / :4 // -Trimethoxytri-w-tolylniethyl 
chloride (Gomberg and Anderson), 
i, 1065. 

Trimetbylalkoxyammonrum hydroxides, 
strength of, as bases (Stewart and 
Maeser), i, 12. 

aa^-Trimethylallyl alcohol. See &y- 
D i me thy 1- A<*-buten -7- ol . 

Trimethylamine, action of acid chlorides 
on (Jones and Whalen), i, 801. 
action of, on halogenated allyl halides 
(v. Braun and Kuhn), i, 1374. 

Trimethylamine, chloro-, and its chloro- 
platinate (Jones and Whalen), i, 802. 

Trimethylamine oxide, strength of, as a 
base (Stewart and Maser), i, 12. 

Trimethylammonium chloroferrates 
(Remy and Rothe), ii, 1089. 

Trimethylammoniximacetal, salts of 
(Guth), i, 1248. 

Trimethyl 7-arabinose (Baker and Ha- 
worth), i, 365. 

Trimethylarabonolaetones (Pryde, 
Hirst, and Humphreys), i, 365. 

3; S / :3"-Trimethylaurin (0 -crmmrin), and 
its derivatives (Gomberg and Ander- 
son), i, 1064. 

Trimethylhenzeneinlphonic acids, and 
their amides (Kruber), i, 1188. 

2:2:6-Trimethylbenzopyran (Claisbn), 
i, 277, 

TrimethylceUulose-^4 (Hess and Welt- 
zien), i, 517. 

Trimethyldextrose (Schlubaoh and 
Rauchenberger), i, 889. 

5 e ^-Trimethyldextrose, and its phenyl- 
osazone (Pacsu), i, 1243. 

Trimethyldiethylgnanidines (Lecher, 
Graf, and Gnadinger), i, 1393. 

Trimethyl-iV-iV'-diethylthinroninm salts 

(Lecher), i, 1391. 

Trimethylemetine diiodide (Keller and 
Bernhard), i, 1086. 

Trimethylene, chlorination of poly- 

merides of (Pbxeddu), i, 1266. 

Trimethylenedisulphonyl chloride, and 
its derivatives (Autenrieth and 
Bolli), i, 1469. 

a a' - Tr imetb y leneeftiminodioc toic acid, 
and its derivatives (Sohlesinger), 

. i, 1250. 
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Trimethylenecfo'thiolacetic acid, and its 
salts and derivatives (Kothstein), 
i, 231. 

Trimethylenecfo'thioglycollic acid. See 
Trimethylenedithiolacetic acid. 

Trimethylenetriphenylmethane tri- 
ketone (Weiss and Korezyn), i, 
560. 

1 :2:6-Trimethyl-4-ethyl-2:3-dihydro- 
pyri&ine-3:5-dicarboxylic acid, ethyl 
ester (Mumm), i, 966. 

a-Trimethylethylene oxide, heat of com- 
bustion of (Zubov and Swientoslaw- 
ski), ii, 364. 

iVij^'i/S-Trimethyl-^-etliyl-^-thiocaxh- 
amide (Lecher, Graf, and Gna- 
dinger), i, 1392. 

«-2:4 Trimethylfisetol (Nieuenstein, 
Wang, and Warr), i, 34. 

Trimetliyl galactonolactones (Prydk, 
Hirst, and Humphreys), i, 365. 

aR£-Trimethylglutaro- 7 -lactones, a- and 
a'-hydroxy- (Kothstein, Stevenson, 
and Thorpe), i, 884. 

Trimethylglyoxalinium iodides, 4(5)- 
nitro- (Bhagwat and Pyman), i, 
1175. 

tran8*d*2i2 :4-Trimethylcyc?ohexane- 1- 
carboxylic acid, 3-hydroxy-, and its 
methyl ester (Gibson and Simonsen), 
i, 920. 

^ 2 :2 :4*Ti ime thy Icy cfohex an - 3 -one r 1 - 
carboxylic acid, and its derivatives 
(Gibson and Simonsen), i, 919. 

Z-2:2: 4-Trimethyl- A 3 - cydoixexene-1- 
carboxylic acid, and its salts and 
methyl ester (Gibson and^SiMONSEN), 
i, 920. 

l;2:5*Trimethylindazolinm iodide, 3- 
bromo- (v. Auwers and Lohr), i, 
75. 

Trimethyl j8«methylarabinoside (Hirst 
and Koberthon), i, 365. 

Trimethyl 7 -methyIarabinoside (Baker 
and Haworth), i, 365. 

Trimethylnaphthalene, amino-, and 
nitro- (pLtlss), i, 1410. 

2:3 :3-TrimethyLjS-naphthindolenine 
(Plauohrr, Colaoicchi, and Bar- 
bieri), i, 379. 

j8-2:2:3-Trimethylcycfopentylwopropyl 
alcohol, 3-cyano-, and its derivatives 
(Haller and Legagneur), i, 924. 

3:5:5'-Trimethylpyrazolidine cupro- 
chloride (Diels and Roll), i, 988. 

3:5 :5-Trimethylpyrazoline-l-carhamide 
(Locquin and Heilmann), i, 837. 

2;4:5-Trimethylpyrrole-3-aldehyde 
(Fischer and Nenitzesou), i, 835. 

2:4:5-Trimethylpyrrole-3-aldimine 
hydrochloride (Fischer and Nenit- 
zkscu), i, 835. 


2:3:4-Trimethylpyrryl-his-(3-acetyl-2:4- 
dimethylpyrryljmethane (Fischer 
and Heysb), i, 78. 

2:3:4-Trimethylpyrryl-bis-(3-carb- 
ethoxy-2:4-dimethylpyrryl)me thane 
(Fischer and Heyse), i, 78. 

Trimethylstibine, reactions of, with 
platinic and palladous chlorides 
(Morgan and Yarsley), i, 378. 

Trimethylstibine ^‘chloropalladium 
hydrochloride (Morgan and Yars- 
ley), i, 378. 

2:4:6- Tr ime thylq/cZotellurip entane -3 : 5 - 
dione 1:1 -bichloride (Morgan and 
Taylor), i, 634. 

2:4:6-Trimethylcycfotelluropentane-3:5- 
dione, and its dioxime (Morgan and 
Taylor), i, 634. 

Trimethyltetrahydroindazoles, and their 
picrates (v. Auwers, v. Sass, and 
Wittekindt), i, 1183. 

3:3:5-Trimethyl- A 4 -tetrahydro-l:2- 
pyridazine- 1 :2-dicarboxylic acid, 
ethyl ester (Diels, Blom, and Roll), 
i, 976. 

4: 6;8-Trimethylthiochroman-4-ol 
(Krollpfeiffer, Sohultze, Schlum- 
bohm, and Sommermeyer), i, 1807. 

4:6:8-Trimethyl-A 3 -thiochromene 
(Krollpfeiffer, Sohultze, Schlum- 
bohm, and Sommermeyer), i, 1307. 

i\ T :iV:iV / -Trimethyl-iV / :iV // ;iV r// -triethyl- 
guanidinium salts (Lecher, Graf, 
and Gnathnger), i, 1393. 

Trimethyltrimethylenetriamine, salts of 
(Graymore), i, 76. , 

Trimethyltriphenylmethyl-a-methyhc?- 
glncoside, and its triacetyl derivative 
(Helferich and Becker), i, 10. 

3:3 / :3 / '-Trimethyl- J Y:iV r ':Ar /, -triph,enyl- 
pararosaniline ( triphenylros-o4olu - 
idine) (Gomberg and Anderson), i, 
1064. 

l:4:5-Trimethyluraoil, dimeride of, and 
its derivatives (Sohmedes), i, 435. 

1:3:9-Trimethyluric acid, action of 
alkalis on (Gatewood), i, 1189. 

Trinaphthylenebenzene. See Deca- 
cyclene. 

Tri-a-naphthylstibine, and its deriv- 
atives (Matsumiya), i, 1472. 

2:4:6-Txinaphthyl*l:3:5-triazine, 2:4:6- 
^n-^-hydroxy- (Society of Chemical 
Industry in Basle), i, 441. 

Trioxymethylehe, and its diacetate 
(Staudinger and Luthy), i, 361. 4 

Triphendioxazine, methylammoninm 
base from, and its salts (Kehrmann 
and Wild), i, 444. 

Triphenylacetonitrile, tri-p- amino*, and 
its derivatives and tfn-v-nitro- (Yor- 
lXnder), i, 1256. 
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Triphenylallene, dimerisation of (Zieg- 
lee, Grabbe, and Ulkioh), i, 131 ; 
(Straus and Ehrenstein), i, 534. 

aay-Triphenylallyl alcohol and its 
methyl ether (Ziegler, Grabbe, and 
Ulrich), i, 132. 

Triphenylbenzylarsonium iodides( Stein - 
hope and Bessaritsoh), i, 498. 

Tr ipheny Ibism ut hin e , ^nnitro-, and its 
derivatives (Supniewski), i, 1473. 

Triphenylcarbinol hydrochloride (Hel- 
ferich and Dehe), i, 1269. 

Triphenylcarbinol, 4:4':4 // -fr’ihydroxy-, 
hydrate (Gomberg and Snow), i, 661. 

d- and 2-Triphenylethanols, jS-amino-, 
camphosulphooates of (McKenzie and 
Wills), i, 396. 

d- and l- aa^S-Triphenylethyl alcohols, 
j8-amino- (McKenzie and Wills), i, 
396. 

jS-Triphenylethylamine hy drochl orid e 
(Rupe and Gisiger), i, 1095. 

Triphenylgermanium bromide and oxide 
(Morgan and Drew), i, 1197. 

2:4:5-Triphenylglyoxaline, 2:i:S-tri-p- 
nitro- ( TrOger and Thomas), i, 979. 

2;4:5 -Triphenylglyoxaline-m- sulphonic 
acid (Tr£ger and Thomas), i, 980. 

Triphenylmethane (Straus and Heyn), 
1, 1430. 

preparation of (Norris and Young), 
i, 20. 

constitution of coloured derivatives 
of (Kehrmann), i, 435. 
derivatives, halonhromism of (Brand, 
Stallmann, Groebe and Stein), 
i, 397. 

Triphenylmethane, o-hydroxy-, See 
o-Benzhydrylphenol. 

Triphenylmethane colouring matters 
(Dilthey), i, 650. 
metallic lakes of (Haller), ii, 287. 
violet, detection of (Holmes), ii, 1212. 

Triphenylmethane series, coloured salts 
, of (Madelung), i, 1459. 

Triphenylmethanecarboxylic acid, p- 
hydroxy- (Orndorff and Barrett), 
i, 36, 

Triphenylmethanetricarboxylic acid, tri- 
methyl ester (Weiss and Korezyn), 
i, 560. 

^Triphenylmethoxypropionic acid and 

, its sodium salt and ethyl ester (Hel- 
ferich, Moog, and Junger), i, 791. 

Triphenylmethyl (Gomberg and Forres- 
ter), i, 1266. 

chloride a&d peroxide, tri-p-hyd roxy- 
v •acetyl, • ana benzoyl derivatives 
and Snow), i, 661* 

h; : .|E||MMIi$^^minoac6tic acid, and 
v* i-dta and • ethyl ester (Helferich, 

'?s 791 - ■ * : 


dl- ct-Triphenylmethylaminopropionic 
acid, and its sodium salt and ethyl 
ester ( U elferich, Moog, and Junger), 
i, 792. 

Tr iphenylmethyldiben zoyldextrose iso- 
propylidene ether (Helferich, Moog, 
and Junger), i, 791. 
a-Triphenylmethylethylene glycol, and 
its di-p-nitrobenzoate (Lewis, Nier- 
enstein, and Rich), i, 936. 
Triphenylmethyl-cZ-galactose (Helfe- 
rich, Moog, and Junger), i, 790. 
Triphenylmethyl-cZ-gluconic acid, potass- 
ium salt (Helferich, Moog, and 
Junger), i, 791. 

Triphenylmethyl-^-gluconplienylhydraz- 

ide (Helferich, Moog, and Junger), 
i, 791. 

Tr ipheny lmethyl-rf- glucose s , and their 
tetra-acetates (Helferich, Moog, and 
JiiNGBR), i, 790. 

Triphenylmethyl-a- and -/J-methyl-d- 
glucosides, and their derivatives 
t Helferich and Becker), i, 10. 
Triphenylme thylthiocarbamide ( H elfe- 
itiOH, Moog, and Junger), i, 791. 
2;4:5-Triphenyloxazole, and amino-, and 
hydroxy-, and their derivatives (Tr$* 
ger and Philippson), i, 986. 
aac-Triphenyl-A^-pentadiene y-ehloro- 
(Straus and Ehrenstein), i, 535. 
Triphenylphosphine oxide, tri-, in-, and 
_p-ehloro- (Challenger and Wilkin- 
son), i, 172. 

aa 7 -Triphenylpropane(ZiEGLER,GRABBE, 

and Ulrich), i, 132. 
aay-Triphenylpropane, a/?-cfobrorao- 
(Zieglek, Richter, and Schnell), i, 
915. 

aay-Triphenylpropan-a-ol, /J-amino-, 
hydrochloride (Thomas and Bett- 
zieche), i, 250. 

Triphenylpropargyl alcohol, and its 
ethers (Moureu, Dufraissr and 
Blatt), i, 136. 

thermochemistry of, and its deriva- 
tives (LANDRiEuand Blatt), i, 137. 
aay-TriphenyI-A<*-propene (Ziegler, 
Grabbe, and Ulrich), i, 132. 
ayy-Triphenylpropenyl methyl ether 
(Straus and Ehrenstein), i, 534. 
aa/2-Triphenylpropyl alcohol, /J-amino- 
(McKenzie and Wills), i, 396. 
aay-Triphenylpropyl alcohol (Ziegler, 
Grabbe, and Ulrich), i, 132. 
/3j3y-Triphenylpropyl alcohol (Ramart 
and Am ag at), i, 659. 
aay-Triphenylpropyl methyl ether 
(Straus ana Ehrenstein), i, 535. 
aay-Triphenylpropyl methyl ether $• 
bromo- (Ziegler, Richter, and 
Sohnell), i, 915. 
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atvy-Triphenyl-A^-propylene, 7 -chloro- 
(Steaus and Ehrenstein), i, 534. 

aa/3-TrIphenylpropylene ajS-glycol 
(Eogee), i, 660. 

Triphenylpyrylium compounds, rn- 
substituted (Dilthey and Radma- 
cher), i, 1441. 

Triphenylros-o-toluidine. See 3:3':3"- 
Trimethyl-A^W' \N"- triplienylpara* 
rosaniline. 

Triphenyltetrazolium d-camphor- 
sulphonates (Wedekind), i, 678. 

Tripyrocatechylarsinic acids, optically 
active, and tlieir salts (Rosenheim 
and Plato), i, 1412. 

Tripyrocatechylantimonic acid, formula 
of (Reihlen, Sapper, and Kall), i, 
912. 

Tripyrrylmethanes (Fischer and Heyse), 
i, 76. 

Triterpene from Z-pinene (Kondakov 
and Sapkikin), i, 1293. 

Trithiooarbonic acid, di-^-tolyl ester 
(Autenrieth and Hefner), i, 1376. 

Tri-p-tolyl thiophosphate (Autenrieth 
and Meyer), i, 807. 

Tri-p-tolylbismuthine, Zn-2-nitro-, and 
its derivatives (Supniewski), i, 1473. 

Tri-?»-tolylcarbinol, 4 :4':4"-Zrihydroxy-, 
triacetyl derivative (Gomberg and 
Anderson), i, 1065. 

Triton tceniahts, skin secretion of 
(Maki), i, 327. 

Tritopine, constitution of (Srath and 
Seka), i, 1093. 

Trivinylarsine, /Sj3/3-Zn‘chloro-, silver 
nitrate compound of (Lewis and 
Stikgler), i, 1470. 

Trivinylmethylarsoninm salts, 
chloro- (Lewis and Stieglee), i, 
1470. 

Trixanthylhydrazine (Fosse and 
Hieulle), i, 1130. 

Troostite (Wheatley), ii, 488. 

Z-Tropamide (McKenzie and Stra- 
thern), i, 401. 

Tropic acid, / 3 -dime thy laminoe thy 1 and 
/Sjriperidinoethyl esters (Chemische 

Weekb Grenzach), i, 81. 

Tropic acid group, displacement reactions 
in (McKenzie and Strathern), i, 
401, 

Troplne JV-oxide, and its derivatives 
(Pqlonovski and Polonovski), i, 
829. 

Trouton’s rule, at absolute zero (Perra- 
KIS), ii, 492. 
revised (Byk), ii, 97. 
for associated liquids (Wagner), ii, 
762. 

Truxenequinone (Radulescu and 
Georgesou), i, 1286, 


C-Truxinamie acids, and their methyl 
esters (Stoermer and Klockmann), 
i, 928, 

f-Truxinanilic acids, methyl esters and 
nitroso derivative (Stoermer and 
Klockmann), i, 927. 

f-Truxinic acid, and its derivatives 
(Stoermer and Klockmann), i, 927. 

Truxones, constitution and synthesis of 
(de Fazi), i, 269. 

Trypaflavine, sensitivity to light of 
(John), i, 465. 

Trypanocidal action and chemical con- 
stitution (King and Muroh), i, 319. 

Trypanocidal compounds (Adams and 
Johnson), i, 319. 

Trypsin, activity of (Ehbenberg), i, 
103. 

effect of reagents on the activity of 
(Hugounenq and Loiseleur), i, 
1198. 

inactivation of, by Rontgen rays 
(Clark and Northrop), 1, 1361. 
digestion with low concentrations of 
(Ehrenberg), i, 202. 
production of ammonia in digestion by 
(Hunter and Smith), i, 473. 
action of, on insulin (Scott), i, 870. 
effect of lecithin and cholesterol on 
digestion by (Stand enath), i, 
473. 

synthesis of proteins by ( Wasteneys 
and Borsook), i, 865. 
pancreatic (Waldschmidt-Leitz and 
Harteneok), i, 1360. 
determination of (Wjllbtatter and 
Persiel), i, 741. 

determination of, coloritnetrically 
(Smohodinoev and Adova), i, 473. 

Tryptophan from silk fibroin (Hirat- 
suka), i, 836. 

content of, in proteins (Jones, Gkrs- 
dorpe, and Moeller), i, 98. 
metabolism of. See Metabolism, 
colour reactions of aldehydes with 
(BLANCHETita), i, 963; (Komm), 
ii, 164. 

detection of, by means of Bacillus 
coli (Mme, E. and E. Wollwan), i, 
205. 

determination of, colorimetrically, and 
its separation from indole and 
skatole (Kraus)* ii, 448. 

Tuberculin (Mueller), i, 616. 

Tuberculosis, lipase in (Cappelli), i, 

. 725. 

basic constituents of nrine in (Rein- 
wein), i, 189. 

Tumours, carbohydrate metabolism of 
(O. F, and G, T. CoRi), i, 999, 1492. 
formation of lactic acid in (War- 
burg), i, 1492, 
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Tumours, urea in blood after inoculation 
with, and exposure to X-rays (Dodds, 
Lawson, and Mottram), i, 1492. 

Tungsten, physical properties of (Zwik- 
KER), ii, 1041. 

line spectrum of (Worthing and 
Rudy), ii, 1102. 

Rontgen ray absorption and emission 
spectra of (Zumstein) ii, 725. 
X-series spectrum of (Allison and 
Duane), ii, 250. 

AT-series spectrum of (Thoraeus), 
ii, 5. 

spark spectrum of (Bayen), ii, 168 ; 
(L. and E. Bloch), ii, 168, 727 ; 
(Lemon), ii, 454. 

X-ray absorption coefficient of (War- 
burton and Richtmyer), ii, 1103. 
electron emission from (Dushman, 
Rowe, Ewald, and Kidner), ii, 
345. 

emission of electrons from films on 
(Kingdon), ii, 9. 

secondary electrons from (Stuhlman), 
ii, 1104. 

pure, electrical properties of (Geiss 
and van Liempt), ii, 638. 
electrical properties of, after cold 
working (Geiss and van Liempt), 
ii, 372. 

electro-deposition of (van Liempt), 
ii, 694. 

incandescent, specific heat of (Bock- 
stahler), ii, 643. 

diffusion of carbon through (Andrews 
and Dushman), ii, 500, 
effect of cold working on density of 
(Geiss and van Liempt), ii, 762. 
movement of a crystal of, under loads 
(Geiss), ii, 96. 

macro-crystal formation in (Alter- 
thum), ii, 136. 

equilibria of, with oxygen and with 
water vapour (Alterthtjm and 
Koeef), ii, 1159. 

Tungsten halides, action of, with am- 
monia and with potassamide in 
liquid ammonia (Bergstrom), ii, 
1083. 

tfn'oxide, equilibria of, with alkali 
tungstates (van Liempt), ii, 421. 
seleniae (Moser and Atynski), ii, 
583. 

Tungstic acid, electrolytic reduction 
of, in hydrochloric acid (Collen- 
BERG and Backer), ii, 571. 
electrolytic reduction of, in presence 
of oxalic acid (Collenberg and 
Wilson), ii, 1166. 

- • alkyl and aryl ammoninm salts 
'And Krauskopf), i, 


Tungsten : — 

Tungstic acid, complex compounds 
of, with pyrocatechol and pyrogallol 
(Fernandes), ,i, 912, 1061. 
Tungstates, reduction of (Spitzin), 
ii, 1191. 

Tungsten determination and separ- 
ation : — 

determination of, by means of bismuth 
and lead amalgams (Someya), ii, 
904. 

determination of boron in (Brophy), 
ii, 901. 

determination of carbon in (King), 
ii, 435. 

separation of, from tin (Jileic and 
Lukas), ii, 242, 

Tungsten are, measurements of (i>E 
Grgot), ii, 1137. 

Tungsten filaments, hafnium oxide in 
(van Liempt), ii, 233. 

Tungsten wire, electrical explosion of 
(Briscoe, Robinson, and Stephen- 
son), ii, 348. 

hard-drawn, softening of (Koref), ii, 
S46. 

Tunicin, Rontgen spectra of cellulose 
and (Herzog and Gonell), i, 371. 

Turbidimeter, micro* (Conklin), ii, 708. 

Turgoelectricity (Kopaozewski), ii, 978. 

Turmeric paper, double-reacting (Brins- 
maid), ii, 435. 

Turpentine, oxidation of organic com- 
pounds in (Walker), i, 990. 
spruce, Z-borneol from (Wheeler and 
Harris), i, 1437. 

Tutocaine, experiments with (WagnER), 
i, 1503. 

Tyramine, preparation of (Johnson aiid 
Daschavsicy), i, 540. 
influence of, on nitrogen metabolism 
(Iwatsuru), i, 1502, 
detection of, microchemically (van 
Itallie and Steenhaueu), ii, 608. 

Tyrosinase in plants (Boas and Mer- 
kenschlager), i, 474. 
oxidative deamination by (Robinson 
and McCanoe), i, 745. 
deamination of tyrosine by (Rader 
and Wormall), i, 473 ; (Happold 
and Raper ; Gortner), i, 474. 

Tyrosine, deamination of, by tyrosinase 
(Raper and Wormall), i, 473 ; 
(Happold and Raper ; Gortner), 
i, 474. 

inethylation of (Abderhalden and 
Schwab), i, 1423. 

determination of, in proteins (FftetTH 
and Fischer), ii, 448. 

Tyrosine, bromo-, bromonitro*, chloro-, 
chlorobromo-, and chloronitro-, and 
their derivatives (Zeynek), i, 920. 
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Tyrosylalaninecarboxylic acid (Have- I 
stadt and Frioke), i, 163. 

Tyrosylaspartic acid (Havestadt and 
Fricke), i, 163. 

Tyrosylhistidineearboxylic acid (Have- ! 
stadt and Fricke), i, 163. ! 

Tyuyamnnite (Tschirvinski), ii, 430. 

U. 

Ulmins, coal (Francis and Wheeler), 

i, 1389. 

Ultrabalance (Holtz and Kuhlmann), 

ii, 319; (Kuhlmann), ii, 706; 
(Holtz), ii, 1091. 

Ultracentrifuge (Svedberg and Rinde), 
ii, 233. 

Ultrafilters (MUller), ii, 1061. 

Ultrafiltration, mechanism of (Du- 
claux and Errera), ii, 530. 
under pressure (Bruckner and Over- 
beck), ii, 529. 

of non-aqueous solutions (Bechhold 
and Szidon), ii, 529. 
electro- (Bechhold), ii, 1158. 

Ultramarine, structure of (Dqmini- 
kiewicz), ii, 1131. 

Ultramicrons (Sikdentopf), ii, 637. 

Ultramicroscope, kino- (Kraembr), ii, 
1166. 

Umbilicus perdulinus, maltose in tubers 
of (B ridel), i, 620. 

ft-Undecane-a-i-diol (Helferich and 
Schafer), i, 7* 

w-Undecan-f-ol (Hess and Bappert), 
i, 349. 

Undecaoxymethylene diacetate (StAUD- 
INGER and LUthy), i, 361. 

Unsaturated compounds, formation of, 
from halogenated open-chain deriv- 
atives (Ingold), i, 357; (Haerdi 
and !Thorpe), i, 923. 
polar and non-polar valencies in 
(Sugden, Reed, and Wilkins), ii, 
986. 

catalytic hydrogenation of (Lebedev, 
Kobliansky, and Yakubohik), 
i, 350. 

addition of iodine bromide and hypo- 
iodous acid to (Holde and Gorgas) , 
i, 882. 

oxidation of, with permanganate (Na- 
metkin), i, 1146. 

action of silicates on (Lebedev and 
Filonenko), i, 225. 
action of thiocyanogen on (SOder- 
bXok), i, 899 ; (Challenger and 
Borr), i, 936. 

cyclic, theory of (Petrenkq-Krit- 
SCHENKO)i ii, 1122. 

Unsaturation of organic ring systems 
(Mbrejkovski), i, 1291. 


Unstable substances, attempts to isolate 
(Staudinger and Kreis), ii, 316. 

Uracil xylosides, substituted (Levene 
and Sobotka), i, 1463. 

Uracylic acid, brucine salt (Peiser), 
i, 1477. 

Uraemia, diazo reactions of serum in 
(Hewitt), i, 726. 

Uragoga ipecacuanha, alkaloids of (Kel- 
ler and Bernhard), i, 1086. 

Uranic hydroxide. See under Uranium. 

Uranic acid. See under Uranium. 

Uranium, isotopes of (Hahn), ii, 921. 
change of, into uranium-X (Gasch- 
ler), ii, 925, 

Uranium compounds, isomorphism of 
zirconium and (Fernandes), ii, 
1133. 

isomorphism of, with those of metals 
of the magnesium group (Carobbi), 
ii, 892. 

reactions of, with organic compounds 
iu presence of sunlight (Aloy and 
VALDIGUI&), ii, 1081. 

Uranium sulphates (Meyer and Nac- 
hod), ii, 230. 

Uranic hydroxide, precipitation of, 
electrometrieally (Britton), ii, 
1204. 

Uranic acid, complex compounds of, 
with pyrooateehol and pyrogallol 
(Fernandes), i, 912, 1061. 

Uranyl salts, reduction of, with the 
dropping mercury cathode (Hera- 
symenko), ii, 695. 

Uranyl barium and silver carbonates 
(Hedvall), ii, 990. 

Uranyl sulphites of the rare earths 
(Canneri and Fernandes), ii, 
888 , 

Uranium determination and separ- 
ation:— 

determination of, oxidimetrically 
(Koblio), ii, 881. 

determination of, in carnotite (Brin- 
tqn and Ellestad), ii, 72. 
separation of, from rare earths (Oan- 
neri and Fernandes), ii, 71, 

Uranylsalicylic acid, alkali salts (Can- 
neri and Fernandes), ii, 71. 

Urazole, cfo'thio-, structure of (Guha and 
IUy), i, 702. 

Urea (carbamide), formation of, in 
autolysis of liver and spleen (Mc- 
Oanoe), i, 472. 

metabolism of. See Metabolism, 
as a source of nitrogen in ruminants 
(Lavrov, Moltsohanova, and 
Oohotnikova), i, 464. , 
influence of adrenaline on concentra- 
tion of, in blood (Dubois and Polo- 
NOVSKl), i, 481* 
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Urea ( carbamide ), in fungi (Ivanov), i, 
344, 746. 

effect of, and its derivatives, on higher 
plants (E. and G. Nicolas), i, 
767. 

in soils (Couturier and Perraud), 
i, 765. 

decomposition of, in soils (Littauer), 
i, 218. 

replacement of proteins by, in diet 
of milch animals (Mgrgen, Wind- 
heuser, and Ohlmer), i, 217, 
new form of, in urine (Moor), i, 460. 

. determination of (Hunter and 
Dauphinee), ii, 247. 
apparatus for determination of 
(Horvath), ii, 237. 
determination of, colorimetrieally 
(Hunter and Dauphinee), i, 104. 
determination of, in blood (Karr), 
i, 323 ; (Patterson), i, 1200, 
determination of, in blood and urine 
(Murray), i, 710. 

determination of, in physiological 
fluids (Rehberg ; Boig and Helm- 
holtz), i, 853. 

determination of, in urine (Kikuchi ; 

Golse), i, 609. 

See also Carbamide. 

Urease, effect of alcohol on (Rosenfeld), 
i, 336. 

gastric (Kortschagin), i, 200. 
physiology of (Luck and Seth), 
i, 1010. 

soja bean, hydrolysis by (Taubmann), 

i, 744. 

Urethane, density and compressibility 
of solutions of (Richards and Chad- 
well), ii, 1049. 

Urethane, hydroxy-, alkyl derivatives 
of (Nedffer and Hoffman), i, 891. 

UrethaneB, hydroxy- (O eh per and 
Broker), i, 1407. 

Urginea Btirkei (African squill), active 
principles of (George), i, 823. 

Uric acid, first synthesis of (Behrend), 
l, 441. 

supersaturated solutions of (Stern), 

ii, 196, 504, 1152. 

solvent action of trimethylenetri- 
. amines on, and its trimethyl- and 
triethyl-trimethylenetriamine salts 
(Graymore), i, 76, 

catalytic oxidation of, and its copper 
salts (Piaux), i, 592. 
oxidation of, with iodine (Furth), 
i, 1462. 

decomporiMon of, by bacteria and 
moul^ j.lSIoRRm and Ecker), i, 

' Me RDji urine 
X r 860. 


Uric aoid, in blood (Harding, Allin, 
and van Wyck), i, 94 ; (Lennox 
and O’Connor), i, 711. 
effect of fat diet on (Harding, 
Allin, Eagles, and van Wyck), 
i, 604, 

in cerebrospinal fluid (Bernhard), 
i, 326. 

accumulation of, after liver removal 
(Bollmann, Mann, and Magath), 
i, 1496. 

excretion of, in urine (Rangier), i, 
186 ; (Chelle and Rangier), i, 187. 
sodium salt, transformation of, on 
keeping (Stern), ii* 34. 
determination of, by Benedict's 
method (Cohen), i, 184. 
determination of, in blood (Bulmer, 
Eagles, and Hunter ; Garry), i 
605 ; (Benedict), i, 995 ; (Dela- 
ville and Jones), i, 1344. 
determination of, in blood plasma 
(Delaville and Jones), i, 1201. 
determination of, in urine ( Aufrecht), 
i, 187. 

Uric acids, methylated, synthesis of 
(Prttsse), i, 441. 

substituted, action of alkalis on (Gate- 
wood), i, 1188, 1189. 

Uric acid glycols, oxidation of (Slotta), 
i, 1189. 

Uricolytic index in diabetes (LangfEldt 
and Rolmsen), i, 1207. 

Urindigo. See Diuracil-4:4'-mdigotin. 

Urine, effect of muscular exercise on 
composition of (Liltestrand and 
Wilson; Wilson, Long, Thomp- 
son, and Thurlow), i, 1115, 
effect of neutral salts on the acidity of 
(Gyorgy), i, 459. 

effect of calcium and potassium salts 
on acidity of (Benatt and H&ndel), 
i, 722. 

secretion of (Starling and Vrrney), 
i, 458. 

effect of pituitary extracts on (Smith 
and MoOlosky), i, 207. 
acetone substances in (Hubbard and 
Nobaok), i, 712, 

acetone and 8-hydroxy butyric acid in 
(Lublin), i, 459. 
arsenio in (Cox), ii, 157. 
basic constituents of, in tuberculosis 
(Reinwein), i, 189. : 
calculi in (Randall), x 1491. 
capillary active substance of (Kiksel), 
i, 98. 

excretion of carbon and nitrogen in 
(Sohimizu), i, 185, 

excretion and detection of chlorophyll 
degradation products in (Hofstet- 
ter ; Kitahara), i, 460. 
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Urine, cholesterol in (Gardner and 
Gainsborough), i, 1204. 
red colouring matter in, after admin- 
istration of chlorophyll (Godinho), 
i, 460. 

red pigment from p-dirnethylamino- 
benzaldehyde and (Scheff), i, 855. 
dextrose in (Lund and Wolf), i, 
1205. 

diastase in, in pancreatic diseases 
(Hansen), i, 856. 

nitrogen distribution in liydroxypro- 
teic acids of (Brings), i, 328 ; 
(Freund and Sittenberger- 
Kraft), i, 723 ; (Edlbaoher), i, 
855. 

excretion of iminazole in, after disap- 
pearance of camosine (Hunter), 
i, 459, 

nitrogen and chloride excretion in 
(Takanosu), i, 185, 
organic bases in (Hefter), i, 1350. 
oxalate from (Moor), i, 1490. 
organic phosphorus of (Youngburg 
and Pucher), i, 98. 
propepsiu in (Gottlieb), i, 742. 
salicyluric acid in (Drzimal), i, 99. 
sugars in (Gkeenwald, Gross, and 
Samet), i, 185. 

urochrome and new form of urea in 
(Moor), i, 460. 

excretion of uric acid in (Rangier), i, 
186 ; (Chelle and Rangier), i, 
186, 

volatile substance of (Pittarelli), 
i, 98. 

of various animals, comparative bio- 
chemistry of (Rothwell), i, 1350. 
camera, constituents of (Read), i, 

, 1204, 

dog’s, excretion of purine derivatives 
in (Langfeldt and Holmsen), i, 
1205. 

of ruminants, distribution of nitrogen 
in, and its alkalinity after adminis- 
tration of sodium nitrate (Rogqzin- 
HKiand Starzevska ; Starzevska), 
i, 1355. 

whale’s (Morimura), i, 1348. 

Urine* analytical methods relating to ; — 
analysis of (Raquet and Paget), i, 
1850. 

diazo reaction in (Hunter), i, 459. 
clinical detection of dextrose in 
(Ruoss), i, 185. 

detection of hsematoporpbyrin and 
urobilin in (Polioard and Leu- 
her), i, 1351. 

detection and determination of 
indican in (Gore), i, 186. 
detection of nitroaminophenols in 
(Desvergnes). i, 328. 


Urine, analytical methods relating to : — 
detection of urobilin in (Rodillon), 
i, 722. 

detection of urobilin and urobilinogen 
in (Benguerel), i, 460. 
detection and determination of acetone 
in (Engfeldt), i, 1490, 
determination of, in urine and faeces 
(van Spengler ; Terwen), i, 
1351. 

determination of acetoacetic acid and 
^-hydroxy butyric acid in (Gold- 
blatt), i, 1204. 

determination of acetone in, colori- 
metrically (Sitsen), i, 855. 
determination of ammonia in 
(Yovanovitch), i, 1114. 
determination of ammonia in, colori- 
metrically (Orr), i, 184. 
determination of ammonia and 
ammonium salts in (Yovanovitch), 
i, 1204. 

determination of ammonia and urea 
in (Murray), i, 710. 
determination of bismuth in (Rurthy 
and Muller), i, 100. 
determination of cystine in (Magnus- 
Levy), i, 610. 

determination of formic acid in (be 
Eds), i, 713. 

determination of guanidines in 
(Sharpe), i, 722, 

hydrogen-ion determination in 
(Hastings, Sendroy, and Robson), 
i, 1490. 

determination of iodides in (v. Bodo), 
i, 1490. 

determination of organic acids in 
(Goiffon), i, 459, 

determination of phendlsulphone- 
phthalein in, in jaundice (Abram- 
son), i, S29. 

determination of potassium and sodium 
in (v. Dehn), i, 855. 
determination of reducing sugars in 
(WOKE8), i, 1205. 

diabetic, determination of sugar in 
(Sumner), i, 186, 1491 ; . (Wil- 
liams and Oasey), i, 998. 
determination of sugar, after 
santonin treatment (P^gurier), 
i, 609. 

determination of urea in (Kikuohi ; 
Golse), i, 609 ; (Roig and Helm- 
holtz), i, 853; (Adeib), i, 
1113. 

determination of uric acid in 
(Aufreoht),!, 187. 
determination of urobilin in (van 
Spengler; Terwen), i, 1351. 
determination of urobilinogen in (Ter- 
wen), i, 1351* 
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Urobilin, detection of (Adler), i, 328. 
detection of, in urine (Benguerel), 
i, 460. 

detection of, in faeces (Adlersberg 
and Porges), i, 98. 
detection of, in urine (Rodillon), i, 
720 ; (Polio ard and Leulier), i, 
im. 

determination of, in human excreta 
(Opitz and Brehme), i, 187. 

Urobilinogen, detection of, in urine 
(Benguerel), i, 460. 
determination of, in urine and faeces 
(Teuton), i, 1851. 

Uroeanic acid, formation and fate of, in 
the animal body (Konishi), i, 731. 

Urochrome, glycuronic acid as a con- 
stituent of (Pollecoff), i, 186. 
in urine (Moor), i, 460. 

Urochromogen (Moor), i, 328. 

Uroflavine (Reinwbin), i, 725. 

Urbolic acid (van per Haar), i, 50. 

Ulrimlaria vulgaris , enzymes of 

(Adova), i, 202. 


V, 


Vaccines, bacterial, nitrogen content of 
(Kautsky, Leine weber, and Famu- 
lener), i, 1511. 

Vacuum apparatus, trap for mercury 
Vapour in (Hughes and Poindexter), 
ii, 818. 

Vacuum door (Meel and Smith), ii, 
707. 


Vacuum gauge, laboratory (Hamlin), 
ii, 431. 

Valency (Schonberg), i, 557 ; (Loring), 
ii, 841. 

problems of (Muller), ii, 363. 
electron theory of (Lowry), ii, 15 ; 

(Oddo), ii, 623. 

in relation to heat of combustion 

(Kharasoh and Sher), ii, 6,36. 
magnetic theory of (Laurie), ii, 16. 
higher, in relation to assimilation and 
catalysis (Tsohelincev), ii, 481. 
polar and non-polar, theories of 
(Burkhardt and Lapworth), 
ii, 937. 

in unsaturated compounds (Sug- 
den, Reed, and Wilkins), ii, 
936. 


Valeraldehyde, 7 -hydroxy-, and its di- 
methylacetal, ana their benzoyl de- 
rivatives (Helferioh and Fries), i, 
1039. 

Valerian irot, Indian, oleo-resin from 
prepaial^on of (Gilman 


n-Valeric acid, hydroxylamine salt 
(Oesper and Ballard), i, 1233. 
furfuryl ester (Zanetti), i, 567. 

woValerylglycine, ethyl ester (Karrer, 
Miyamichi, Storm, and Widmbr), 
i, 594. 

Valo?iia, cell sap of, with reference to 
flotation (Osterhqut and Dorcas), 

i, 868 . 

Vcdonia macrophysa, permeability of, 
by arsenic (Brooks), i, 1004. 

Valve, fat-free, with porous glass plates 
(Stock), ii, 1195. 

Vanadic acid. See under Vanadium. 

Vanadisalicylic acid (Soagliarini and 
Airoldi), i, 920. 

Vanadium, ultra-violet spark spectrum 
of (King), ii, 453. 

ionised, spectrum of (Meggers), ii, 
913. 

Vanadium alloys with iron, temper 
colours of (Tamm ann and Siebel), 

ii, 1169. 

Vanadium carbide and nitride (Fried- 
erich), ii, 375. 

pentosite sols (Freundlich, Stapel- 
feldt, and Zocher), ii, 199, 200 ; 
(Freundlich), ii, 1153. 
alkali sulphates (Rosenheim and 
Mong), i, 1411. 

Vanadic acid, determination of (Fur- 
man), ii, 442. 

Vanadium organic compounds (Scagli- 
arini and Airoldi), i, 920. 
salts of organic acids (Rosenheim ami 
Mong), i, 1411. 

pyridine sulphate (Soagliarini and 
Airoldi), i, 920. 

Vanadium determination and separ- 
ation 

determination of (Hartmann), ii, 
604. 

determination of, iodometrically (Stop- 
pel, Sidenrr, and Biunton), ii, 
73. 

determination of, in presence of iron 
(Someya), ii, 161. 

determination of, in presence of iron 
and chromium (KoLTHOFF and 
Tomi6ek), ii, 72. 

separation of, from molybdenum 
(Stoppel, Sidener, and Brinton), 
ii, 718. 

Vanillin, solubility of (Mange and 
Ehler), ii, 119. ■ 

ferrous salt (Zetzsch.e, Silbermann, 
and Yieli), i, 1411. 
condensation of, with methyl ethyl' 
ketone (Ichikawa), i, 1158. 
determination of (Radoliffe and 
Sharples), ii, 1210. 

Vanillin, 5-chloro- (Hann), i, 1105. 
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Vanillinoxime JY-phenyl ether (Bam- 
berger), i, 142. 

Vanillylidenenitrome thane as an indi- 
cator (Kao, Srikantia, and Iyen- 
gar), i, 676. 

5-VanRlylidene-2-thio-3-tolyl4-keto- 
thiazolidin.es, and 5-hromo-, 5-chloro-, 
5-iodo-, and 5-nitro- (Hann), i, 1105. 

Vanillylsnccinic acid, and its derivatives 
(Baker and Lapworth), i, 670. 

Vaporisation, kinetic theory of (Brad- 
ford), ii, 1142. 

Vapour pressure (Berliner and May), 
ii, 1045. 

application of kinetic theory to (Brad- 
ford), ii, 26. 

thermodynamic equation for (Eucken, 
Karwat, and Fried), ii, 98. 
and ionisation of gases (Becker), ii, 
342. 

of binary mixture^ (Brown), ii, 377. 
and miscibility of binary mixed 
liquids (Herzfeld), ii, 1143. 
of organic mixed liquids (Leslie and 
Oarr), ii, 1050. 

of metallic chlorides (Maier), ii, 850. 
of monatomic substances (Egerton), 
ii, 25. 

of molecular compounds of phenols 
(Weissbnberger and Schuster), 
766. 

of salts (Lorenz and Herz), ii, 493. 
of salt solutions, measurement of 
(Sidgwick and Ewbank), ii, 38. 
of solutions of non-volatile solvents 
(Mali), ii, 850. 

charts for organic vapours (Davis), 
i, 1033. 

Vasicine, and its salts (Sen and Ghose), 

i, 958. 

Vaterite (Gibson, Wyckoff, and Mkr- 
win), ii, 1183. 

Vegetables, cobalt and nickel in (Ber- 
trand and Mokragnatz), i, 873. 
effect of storage on the anti-scurvy 
value of (Delf), i, 484. 
green, action of ultra-violet light on 
(Hess and Weinstook), i, 212. 

Velocity of absorption, effect of gas 
velocity and temperature (Haslam, 
Hershry, and Keen), ii, 106. 

Velocity of chemical change, effect of 
diffusion on (Sano), ii, 681. 

Velocity of coagulation of colloids 
(jABECZYNSKl),ii, 34, 35. 

Velocity of crystallisation (Jenkins), 

ii, 559, 

Velocity of decomposition of esters 
(Karlssqn), ii, 877. 

Velocity; of diffusion, relation of, to 
viscosity and pressure (Cohen and 
Bruins), ii, 280. 


Velocity of diffusion of metals in mer- 
cury (Cohen and Bruins), ii, 648. 
Velocity of dissociation of solids (Cent- 
nerszwer and Bru2s), ii, 685. 
Velocity of esterification (Petrenko- 
Kritsohenko, Bogatsky, and Lub- 
man), ii, 556. 

Velocity of gas reactions, apparatus for 
measuring (Latshaw and Patrick), 
ii, 681. 

Velocity of photochemical reaction 
(Perrin and Choucroun), ii, 55. 
Velocity of reaction, theory of (Bron- 
sted), ii, 681; (Lewis and Smith), 
ii, 799. 

coefficients of (Wagner), ii, 406, 407, 
and distribution of energy (Hinshel- 
wood and Thornton), ii, 1167, 
ions influencing (v. Euler and Rud- 
berg), i, 135. 

between two liquid phases (Jabl- 
ozynski, Wieckowski, and Klein), 
ii, 410. 

in mixed solvents (Jones, MoCombie, 
and Scarborough), ii, 137; (Mc- 
Combie, Roberts, and Scar- 
borough), ii, 554. 

in heterogeneous systems in relation 
to rate of stirring (Klein), ii, 802. 
bimoleeular, in solutions (Christi- 
ansen), ii, 47. 

coupled (Wegscheider), ii, 47. 
rapid, measurement of (Hartridge 
and JKoughton), ii, 47. 

Velocity of saponification of ionic esters 
(BRdNSTEDand Delbanco), ii, 684. 
Velocity of swelling of gels (Liepatov), 
ii, 685. 

Velocity of transformation of metastable 
systems (Stepanov), ii, 645. 
/3-Veraferylacrylic acid, a-eyano- (Baker 
and Robinson), i, 926. 
Veratrylaminoacetyl (Forsyth, Kelly, 
and Pyhan), i, 1167. 
l-Veratrylhydrohydrastinine, and 6'- 
amino-, 6'-nitro-, and their derivatives 
(Haworth, Perkin, and Rankin), i, 
1314. 

Veratrylideaeaminoaoetal (Forsyth, 
Kelly, and Pyman), i, 1167- 
Veratrylnorhydrohydrastinine, 6'- 
bromo-, and its salts and formyl 
derivative and 6'-nitro- (Haworth 
and Perkin), i, 970. 
/8-Veratxylpropionic acid, a-cyano- 
( Baker and Robinson), i, 926. 
jS-Veratrylpropionitrile (Baker and 
Robinson), i, 926. 

Veronal, compound of pyramidone with 
(Pfeiffer), i, 1318. 

Vesuvius, radioactivity of gases from 
(Stoklasa and Fenkava), ii, 235. , 
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Vibrio cholerce, biochemistry of(HlRSOH), 
i, 479. 

View faba, proteolytic enzymes in pods 
of (Danckworth and Pfau), i, 
202 . 

effect of boron compounds on the 
growth of (Brenchley and Thorn- 
ton), i, 1368. 

Vicianose, preparation of, from gein 
(H^hissey and Cheymol), i, 1383. 
Vine, alkaline chlorosis of (Pratolongo), 
i, 623, 

phosphoric acid and nitrogen in leaves 
of (Lagatu and Maume), i, 756. 
tannins in shoots of ripening (Pigaed), 
i, 346. 

See also Vitis vinifera. 

Vinegar, acetylmethylcarbinol in (van’t 
Hooft), i, 772. 

Vinylalkylcarbinols, conversion of, into 
ethyl alkyl ketones (Delaby and 
Dumoulin), i, 632. 

Vinylarsenious oxide, 0-chloro- (Lewis 
and Stiegler), i, 1470. 

Vinylarsines, bromo-, chloro-, and chloro- 
iodo-derivatives (Lewis and Stieg- 
ler}, i, 1470. 

chloro- (Hunt and Turner), i, 843. 
VinylarBinic acid, 0-bromo-, and 0- 
chloro-, silver salt (Lewis and Stieg- 
ler), i, 1470. * 

Vinylcarbinols, aryl-substituted, and 
their derivatives (Ziegler, Rich- 
ter, and Sohnell), i, 915, 
poly-arylated, and their derivatives 
(Ziegler, Grabbe, and Ulrich), 
i, 131 ; (Ziegler), i, 395. 
Vinyldiacetonamine, benzoyl derivatives 
of (KlBHNGand Greasley), i, 144, 
7-Vinyl-7:12-dihydro-7-benzophen- 
arsazine, 7-0-chloro- (Lewis and 
Stiegler), i, 1470. 
2:2'-s^^omo«oVmylene-4:4'-dicarb- 
ethoxy-3:3:5:5'-tetramethylpyrro- 
flavinitun salts (Konig), i, 1184, 
3:3'-stfre^m0?i<?Vinylene-2:2'-dimethyl- 
indorhodinium hydroxide, and its salts 
(K6nig), i, 1184. 

SiS'-s^r^owwjioVinyZene-S^'rSiS'-tetra- 
methylindorhodinium salts (Konig), 
i, 1184. 

Vinylhydroxythiocyanoarsine, 0-chloro- 
(Lewis and Stiegler), i, 1470. 
Vinylindole, 3-a-nitro-, 1-acetyl de- 
rivative (Majima and Kotake), i, 
1450. 

8~V^yl-2-methylindole, &>-nitro- (Seka), 

V^ny^hhna^toene (Gadamer, Ober- 
Sohoelbr), i, 577. 

%^^ ^^gM^ w^n^6^8-chloro- (Lewis 


isoViolanthrone, dibromo-, and 4':4"- 
dichloro- (ZiNKE, Funke, and 
Pongratz), i, 819. 

^hydroxy- (Zinkb, Funke, ‘ Mats- 
CHER, WOLFBATJER, and LoRBEB), 

i, 1436. 

Viscose, plasticity of (Venable), ii, 
1058. 

Viscosimeter, new (Auerbach), ii, 589. 

Ostwald (Martin), ii, 499. . . 

Viscosity, measurement of (Martin), ii, 
499 ; (DUCLAUX and ErrEra), 
ii, 1048.. 

and its reration to diffusion velocity 
(Cohen and Bruins), ii, -280. 
temperatures of equal (Herz), ii, 
1049. 

as a function of volume (Dubief), 

ii, 498. 

during esterification (Cauquil), ii, 
964. 

of colloidal solutions (Szegvari), ii, 
111 ; (Freundlioh and Schalek), 
ii, 112; (Matthaus; Ostwald), 
ii, 663 ; (de Waele), ii, 777. 
of disperse systems (Ostwald), ii, 
291, 392. 

of reversible emulsions (Joshi), ii, 
776. 

of gases at low temperatures (GOn- 
ther), ii, 100. 

and molecular weight of liquids 
(Macleod), ii, 498. 
of liquids at the boiling point 
(Macleod), ii, 1049. 
under pressure (Bridgman), ii, 
1143. 

containing dissolved gases (Lewis), 
ii, 377. 

of binary mixed liquids (Macleod), 
ii, 280. 

of organic liquids (Wohlisch), ii, 
277. 

of solutions (be Koiosovsia), ii, 
765. 

effect of, on specific heat of solutions 
(de Kolosovski), ii, 658. 

Vital-red. See Brilliant Congo K. 
Vitamins (Soheunert aDd Hermers- 
dOrfer), i, 617 ; (Groebbblb and 
Sferfeld), i, 1514; (Soheunert 
and Candelin), i, 1515. 
action of ultra-violet light on (Spinka), 
i, 212; (Zilva), i, 485. 
colloid chemistry of (v. Hahn), ii, 
664. 

promoting bacterial growth (Davib- 
sohn), i, 108. 

parasympathetic stimulants in extracts 
of (Mori), i, 1021. 

deficiency of, in pernicious anaemia 
(Dhar), i, 1221. 
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Vitamins, influence of, on phosphates in 
blood (v. Euler and Myrbaok), i, 
1515. 

in milk (Pringle), i, 1018. 
antineuritic, effect of ultra-violet 
light on (Williams), i, 751. 
fat-soluble (Nelson and Steenbock), 
i, 484, 1020; (Steenbock and 
Black), i, 1020. 

plant, formation of, by micro-organ- 
isms (Mockeridge), i, 106. 
water-soluble, of beer wort (South- 
gate), i, 209. 

determination of, biochemically 
(Sagastume and Spegazzini), i, 
209. 

Vitamin-^ (Steenbock, Nelson, and 
Black ; Bezssonoff ; Steenbock 
and Nelson), i, 107. 
formation of, in germination of 
(Stepp), i, 1220. 

occurrence and distribution of, in the 
body according to age, diet, etc. 
(Sherman and Boynton), i, 1018 ; 
(Sherman and Storms ; Sherman 
and Maoleod), i, 1019. 
synthesis of, by Chlorella (Coward), 
i, 750. 

physical and chemical properties and 
derivatives of (Takahashi, Maka- 
miya, Kawakami, and Kitasato), 
i, 1365. 

occurrence of copper compounds with 
(McHargue), i, 1515. 
persistence of, in plant tissues 
(Coward), i, 1017. 
in yeast fat (Luce and Maclean), i, 
488. 

identity of (Javillier, Baude, and 
Levy-La jeunesse), i, 617. 
detection of, colorimctrically (Rosen- 
heim and Drummond), i, 1515. 
determination of (Sherman and 
Munskll), i, 1018. 
determination of, physiologically 
(Javillier, Baude, and Levy- 
Lajeunesse), i, 1364. 

Vitamins-^ and -#, influence of, on diet 
(Ederer), i, 869. 

Vitamin-.#, effect of phosphate manuring 
on production of, in plants (Horne- 
mann), i, 623. 

concentration of (Levene and van 
der Hobven ; Kinnersley and 
Peters), i, 1516. 

basal diet free from (Baoharach), i, 

1220. 

in dried and evaporated milks (Hart- 
well), i, 751. 

effect of deficiency in, on blood 
sugar and liver glycogen (Randoin 
ana Lelesz), i, 751. 

oxxvdl ii. 


Vitamin-#, effect of absence of, on fats 
and lipoids in blood (Iwatsuru), 
i, 1515. 

effect of deficiency of, on blood sugar 
(Eggleton and Gross), i, 1220. 
in excreta of rat$ (Salmon), i, 1516. 
effect of, on reproduction (Parkes 
and Drummond), i, 1021. 
reaction for (Bezssonoff ; Levine), 
i, 1220. 

Jendrassik reaction for (Levine), i, 
108. 

effect of bacterial flora on biological 
detection of (Heller, McElroy, 
and Garlook), i, 1365. 

Vitamin- O, synthesis of, in germination 
(Honeywell and Steenbock), i, 
751. 

possible isolation of, from cabbage 
(Bezssonoff), i, 751. 
effect of deficiency in, on urea in blood 
(Randoin and Miohaux), i, 751. 
in chicken liver (Oarriok and Hauge), 
i, 617. 

Vitamin- D, formation of, in germinating 
seeds (Stepp), i, 1221. 
diets deficient in (McCollum, Sim- 
monds, Becker, and Shipley), i, 
1366. 

Vitamin-# (Evans and Burr), i, 1022. 
in maize, wheat, and hemp-seed (Sure), 
i, 212. 

solubility of, in organic solvents 
(Sure), i, 752. 

Viiis vinifera (vine), constituents of the 
sap of (Wormall), i, 215. 

Vivianite, synthetic formation of (Kur- 
nakov), ii, 767. 

Volatility, law of (Matignon), ii, 670. 

Volcanoes, radioactivity of gases from 
(Stoklasa and Penkava), ii, 235. 
rare gases from (Piutti and Boggio- 
Lera), ii, 1092. 

Volume, contraction of, on solution 
(Rakshit), ii, 288. 

of liquid mixtures (Lorenz and 
HbRz), ii, 101. 

molecular, and molecular refraction 
(Lorenz and Herz), ii, 356. 
and molecular field (Batsohinski), 
ii, 982. 

relation between critical temper- 
ature and (Lqrenz and Herz), ii, 
25, 183. 

and internal pressure (Schuster), 
ii, 1^42. 

changes of, in formation of solid 
compounds (Saslavsky), ii, 933. 
of crystals (Henglein), ii, 477. 
ofisomerides (Wohlisch), ii, 269. 
of organic liquids (WOhlisch), ii, 
277. 
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Volume, molecular, of salts at the 
melting point (Lorenz and Herz), 
ii, 84.0. 

W. 

Walden inversion (Levene and Mike- 
ska), i, 5 ; (Senter and Ward), i, 31, 
1128 ; (McKenzie and Tudhope), i, 
226 ; (Kenton, Phillips, and Tub- 
let), i, -507 ; (Terry and Eiohel- 
berger), i, 631. 

Walnut. See Juglam regia . 

Water, formation of, from its elements 
in presence of chlorine (Nobkish 
and Rideal), ii, 672. A 
catalytic synthesis of (Larson and 
Smith ; Remy and Schaeffer), ii, 
663. 

physical properties of (Macleod), ii, 
498. 

absorption spectrum of (Witt), ii, 352; 

(Remy and GSnningen), ii, 1176. 
infra-red absorption spectra of (Dre- 
isch), ii, 627. 

vapour, infra-red absorption spectrum 
of (Deslandbes), ii, 736. 
ultra-violet absorption spectrum of 
(Dieke), ii, 180, 927. 
emission spectrum of (Watson), ii, 
349. 

thermal variation of magnetism of 
(Cabbera and Buperier), ii, 754. 
conductivity of (Bordas and Tou- 
plain), ii, 155. 

activity coefficients and ionisation of, 
in solutions of potassium and sodium 
chlorides (Harned), ii, 538. 
distilled, hydrogen-ion concentration 
of (Dawson), ii, 680. 
effect of strong electrolytes on the 
dielectric constant of (Zahn), ii, 
263. 

vapour, heat of adsorption of, by silica 
gels (Patrick and Greider), ii, 
870. 

expansion of, on freezing (Laurie), 
ii, 762. 

vapour, temperature of, from a boiling 
aqueous solution (Reissmann), ii, 
105. 

effect of salts on the vapour pressure 
of (Sidgwigk and Ewbank), ii, 38. 
surface tension of (Ali), ii, 763. 
effect of organic vapours on the surface 
tension of (Koran), ii, 659. 

’ effect of electrolytes on the diffusion 
of, through collodion membranes 
(Adolph), ii, 859. 
viscosity of (Leroux), ii, 1048. 
adsorption of, on glass and platinum 
* {McHaefib and Lbnher), ii, 854. 


Water, adsorption of, by silica gels 
(Patrick and Eberman), ii, 
284. 

effect of curvature of surface on solu- 
bility of air in (Baylis), ii, 980. 
structure of films on (Adam), ii, 
195. 

influence of surface films on evapora- 
tion of (Hedestrand), ii, 102; 
(Adam), ii, 658. 

films on salt solntiohs, structure of 
(Harkins and McLaughlin), ii, 
959. 

movement of bubbles of gas in 
(MoTaggart), ii, 509. 
capillary rise of, in various metallic 
tubes (Carver* and Hovorka), ii, 
647. 

partial pressure of, in mixtures with 
sulphuric acid (Greene walt), ii, 
493. 

role of, in solids (Balareff), ii, 409. 
effect of, on chemical reactions (Par- 
sons), ii, 880. 

combination of, in colloids (Huttig), 
ii, 516. 

decomposition of, by metallic couples 
(Hedges and Myers), ii, 306. 
fixation and metabolism of, in the 
organism (Fischer ; Sohadk ; 
Handovsky), ii, 36. 
toxic effects of ((Jnderhill and Sal- 
lick), i, 613. 

distilled, use of, in biological work 
(Canals and Genevet), ii, 847. 
Conductivity water, preparation of 
(Bencowitz and Hotchkiss), Ii, 
317. 

Natural water:— 
action of, on copper (Henstook), ii, 
696. 

presence of iodates in (Hiokethibr 
and jACOBUCCi),ii, 1197. 

Lake water, nitrogen in (Domogalla, 
Juday, and Peterson ; Peterson, 
Fred, and Domogalla), i, 765. 
River water of the Rhine, gold and 
silver in (Haber and Jaenioke), 
ii, 997. 

River and lake water of the United 
States (Clarke), ii, 323. 

Sea water, hydrogen-ion concentra- 
tion of (Atkins), i, 199. 
equilibrium of carbonates and other 
weak acids in (Irving), i, 1022. 
evolution of iodine from (v. Fel- 
lenberg), ii, 306. 
corrosion of metals in (Bengough 
and May), ii, 218. 
oxidation in (Harvey), ii, 1171. 
Spring and mineral waters, ageing of 
(Baudisch and Welo), ii, 992. 
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Natural water: — 

Spring and mineral waters, effect of, 
on colloids (Henrijean and 
Kopaczewski ; D’Arsonval and 
Bordas), ii, 291. 

diuretic action of (Starkenstein), 
ij 327. 

Swiss, iodine in (v. Fellenberg), 
i, 347. 

Water analysis : — 

distilled, detection of copper in 
(Poirot), ii, 242. 

determination of, in mixtures of ether, 
alcohol, and water (Newman), ii, 
156. 

determination of iron in (Hopkins), 
ii, 1096. 

Water hath, constant-level (Wing), ii, 


Weights, molecular, determination of 
(Berl and Rau), ii, 24 ; (Sadi- 
kov and Michailov), ii, 32 ; 
(Rastelli), ii, 1040. 
by isothermal distillation 
(Hrywakowski), ii, 187. 
with liquid ammonia as solvent 
(Schmid and Becker), i, 1386 ; 
(Stock and Pohland), ii, 489. 
and viscosity of liquids (Maoleod), 
ii, 498. 

Weiss-Curie law, value of A in the 
(Cabrera; Duperier), ii, 173. 
Wetting and capillarity (Sohultze), ii, 


Whale, biological relations of types of 
(Fuse), i, 1348. 

cartilage and tendon of (Oikawa), i, 

1349. 

genital cysts of (Okazaki), i, 1348. 
flesh of (Suzuki), i, 1349. 
peritoneal fluid of (Fuse), i, 1349. 
enzymes of the pancreas of (Takata), 
i, 1349. 

nature of the stomachs of (Takata), 
i, 1348. 

synovial fluid of (Fuse), i, 1348. 
urine of. See Urine, 
fin-back, blood of. See Blood, 
sperm, amniotic fluid of (Suzuki), i, 

1350, 

Whale oil} South Georgia, fatty acids in 
(Armstrong and Hilditch), i, 778, 
Wheat, nutrients for culture of (Jones 
< and Pembrr), i, 1030. 
influence of a mineral fertiliser on 
development of (Chaussin), i, 623. 
culture of, with nitrogen, phosphorus, 
and potassium (Pember and Mc- 
Lean), i, 1121, 

influence of soil temperature and 
moisture on (Eckerson and Dick- 
son), i, 217. 


Wheat, development of grains of (Wood- 
man and Engledow), i, 217. 
amino-nitrogen and protein in grains 
of (Sharp), i, 622. 
nucleic acid from embryos of, and its 
sodium salts (Thomas and Dox), 
i, 873. 

vitamin-.® in embryos of (Sure), i, 

212 . 

Wheat bran, proteins of (Jones and 
Gersdorff), i, 1027. 

Wheat flour, gluten proteins from 
(Blish and Pinckney), i, 176. 

Whelk. See Buccinim wndatum. 

Wires, thermal conductivity of (Barratt 
and Winter), ii 736. 

Wood from deciduous trees, chemistry 
of (Heuser and Brotz), i, 889. 
degradation of, by fungi (Wbhmeb), 
i, 521. 

determination of pentosans in (Gie- 
risoh), i, 1122. 

Woodruff. See Asperula odorata . 

Wool, adsorption of dyes by (Speakman 
and Battye), ii 284. 
absorption of water by (Shorter and 
Hall), ii, 782. 

dyeing of (Speakman), ii, 515. 
mordanting of (Elod), ii, 531. 

Wool fat (Lifsohutz), i, 327. 

Wurtzite, crystal structure of graphite 
and (Beckenkamp), ii, 271. 


X. 

Xanthates. See under Xanihic acid. 

Xanthett, 3 -hydroxy-, * and its tfibromo- 
derivative (Sen and Sarkar), i, 818. 

Xanthic acid, salts, analysis of (Oalcott, 
English, and Downing), ii 606 ; 
(Hirsohkinb), ii, 1212. 
cadmium and molybdenum salts 
(Cbcchetti), i, 503. 
alkylmercurie derivatives of (Koten 
and Adams), i, 236. 

Xanthine oxydase (Dixon), i, 1010 ; 
(Dixon and Thurlow), i, 1213. 

Xanthione (Schonberg, Rosen bach, 
ErAxl, and Ostwald), i, 1300. 

Xanthone, 1-hydroxy-, magnesium salt 
(Zetzsohe, Silbermann and Vieli), 
i, 1411. 

Xanthonecarboxylic acids, and their 
salts and derivatives (Anschutz, 
Stoltenhoff, ^.nd Yo eller), i, 
1274. 

Xanthophyll, preparation and properties 
of (Sohertz), i, 1024. 
determination of (Sohertz), i, 871. 

Xanthopropionic acid, and its sodium 
salt (Levene and Mikeska), i, 512. 
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Xanthopterin, and its barium salt, from 
Gonypteryx rhamni (Wikland and 
Schoff), i, 1465. 

Xanthopyrrolecarboxylic acid, synthesis 
of (Fischer and Klarer), i, 577. 
d- Xanthosuccinamic acid (Levexe and 
Mikeska), i, 6. 

Xanthosnccinic acid, and its sodium salts 
(Levene and Mikeska), i, 6, 512. 
Xenon hydrate (de Fororand), ii, 
812 . 

Xim&nia americana (wild plum), con- 
stituents of (Anon.), i, 764. 
m-Xylene, electrochemical oxidation of 
(Fighter and Meyer), i, 381. 
action of aluminium chloride on a 
mixture of phenanthrene and 
(SCHAARSOHMIDT, MaYER-BuG- 
strom, and Sevon), i, 241. 

Xylenes, extraction of, from crude xylol 
(Patterson, McMillan, and Somer- 
ville), i, 124. 

Xylenes, w-bromo-, isomeric, polarity 
effects in (Shoesmith and Slater), 
i, 16. 

2?-Xylene~2:6-disulphonyl chloride 
(Ohoufoer), i, 896. 

p-Xylene-5-suIphonyl chloride, 2-nitro- 
(Ohoufger), i, 896. 

as-m-Xylidine, oxidation of, and its 
methyl derivatives (Fighter and 
Muller), i, 805. 

jp-Xylidine hydroferricyanide (Gum- 
ming), i, 122. 

^2-Xylidine, 5-ehloro- hydrochloride 
(Wheeler and Morse), i, 22. 
&>-tfs-m-Xylidinoaeetophenone-o-toIyl- 
hydrazone (Busch, Friedenberger, 
and Tlschbein), i, 41. 
Xylidino-w-xylothiazole, and its deriv- 
atives (Levi), i, 445. 

Xylindeia, and its derivatives (Kogl 
and v. Taeuffenbaoh), i, 1441. 
Xylol, extraction of xylenes from (Pat- 
terson, McMillan, and Somer- 
ville), i, 124. 

8-Xyloyl-a-naphthoic acids (Mason), 
l, 83. 

4-m-Xylyl benzyl ether (Sohorigin), 
i, 1404. 

£* 2 >-Xylylaminoethyl alcohol. See 
JEthyl-jp-xylidine, i^-hydroxy-. 
p-Xylylchrysofluorene (Dilthey), i, 
652. 

0- Xylylene sulphide (v. Braun, Bayer, 
and Kaiser), i, 1445, 

ft -Xylylimino-2-thion-2:3:4: 5-tetra- 
hydro-l:3:4-thiodiazole, and its deriv- 
atives (Guha and My), i, 703. 

1- «s-?RrXy^Endazole, 4-nitro- (v. Au- 
' ymm and Fresb), i, 1102. 


s-m- Xylylmethylcarbinol (v. Auwers, 
Leohnek, and Bundesmann), i, 266. 

4-?ft-Xylyl methyl ketoximes, 5-hydr- 
oxy-, and their derivatives (v. Auwers 
and Jordan), i, 264. 

3 -Xylylrhodanylidene- A& ^. 0 xindoles 
(Hann), i, 987. 

4-m-Xylylthiosemicarbazide (Guha and 
My), i, 703. 

Y. 

Yajeine (Barriga Villalba), i, 828. 

Yajenine (Barriga Vi ll alba), i, 828. 

Yamamomo, fruit of (Komatsu and 
Kodzu), i, 1025. 

Yeast, growth of (Peskett), i, 1011, 

1012 , 

effect of ammonium salts on 
(Fulmer), i, 1508. 

effect of calcium sulphate on the 
growth and fermentation of (Rich- 
ards), i, 1011. 

non-homogeneity of (van Kiel and 
Hooft), i, 1236. 

acceleration of the activity of, by a 
biocatalyst (v. Euler and Myr- 
baok), i, 745. 

effects of marmite and of, on calcifica- 
tion (Korenchevsky and Oarr), 
i, 211. 

antineuritic concentrates ot {Kin- 
nersley and Peters), i, 1516. 
formation of acetylmethylcarbinol and 
2:3-butyleneglycol in fermentation 
by (Kluyver and Donker), i, 
1215. 

toxicity of acids towards (Taylor), 

1 , 1011 . 

reserve carbohydrates in (WaRKANY), 
i,105. 

carbohydrate and fat metabolism in 
growth of (Maclean and Hoffert), 
i, 204. 

synthesis of coproporphyrin by 
(Fischer and Fink), i, 105. 
extracts, action of, on dextrose (Kuhn 
and v. Grundherr) i, 203. 
enzymes of (Neuberg), i, 336. 
fermentation of galactose by (v. Euler 
and LQvgrbn), i, 1214; (Abder- 
halden), i, 1362. 

glycogen from (Ling, Kanji, and 
Paton), i, 1011. 

increase in invertase content of 
(WlLLSTATTER, LOWRY, and 
Schneider), i, 1214, 
fate of invertase of, in the animal 
organism (Kogaxi) i 745, 
action of, on lactic acid (Myrback 
and Everitt), i, 105. 
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Yeast, fermentation of mannitol by 
(Lvov), i, 1509. 

metabolism of (Balls and BrowN), 
i, 476. 

effect of nitrates on (Fernbaoh and 
Nicqlau), i, 477. 

cells, nitrogenous equilibrium of (v. 
Euler and Sandberg), i, 1213. 

changes in phosphates and glycogen 
by means of (v. Euler, Myrback, 
and Karlsson), i, 744. 

adsorption of phosphoproteins of, by 
various adsorbents (Fodor and 
Soh&nfeld), ii, 857. 

cleavage of polypeptides by (Fodor 
and Epstein), i, 1214; (Fodor, 
Bernfeld, and SchSnfbld), i, 
1215. 

porphyrins in (Fischer and Fink), 
i, 866. 

action of reductase of (Lvov), i, 1508. 

sulphur-containing constituent of 
(Suzuki, Odake, and Mori), i, 
338, 

presence of trehalose in (E. M. and 
F. G. Kooh), i, 1508. 

crystalline bios-like substance from 
(Eddy, Kerr, and Williams), i, 
342. 

relations between the water-soluble 

f rowth factors in (v. Euler and 
vvartz), i, 209. 

vitamin-^4 in the fat of (Luce and 
Maclean)* i, 483. 

co-zymase of (v. Euler and Myr- 
back), i, 105. 

zymocaseinfrom (L^ers and Nowak) 
i, 338. 

dried (v. Euler and Westling), i, 
203; (Sobotka), i, 865. 
fermentation by (Harden), i, 1010. 
oxygenated, action of, on glycerol 
and on /8-hydroxy butyric acid 
(Marian), i, 105. 

effeot of insulin on the functions of 
(Furth), i, 107. 

Yeast-nucleic acid, hydrolysis of (Jones 
and Perkins), i, 487. 

Yttrium, arc spectrum of (Meggers and 
Moore), ii, 612. 

arc and spark spectra of (Meggers), 
ii, 77. 

Yttrium salts, solubility of (Crew, 
Steinert, and Hopkins), ii, 190. 
Yttrium oxide, preparation of (Prandtl), 
ii, 439. 


Z. 

Zanthoxylum omllifolium, constituents 
ofoilfrom(SiMONSEN), i, 665, 


Zecc vwys, proteins from the leaves of 
(Chibnall and Nolan), i, 215. 

Zeeman effect (Heisenberg), ii, 3, 
729 ; (Pauli), ii, 251 ; (Ornstein 
and Burger ; Landes), ii, 340 ; 
(Back), ii, 341, 917 ; (Zeeman), ii, 
614 ; (Hicks ; Ornstein, Burger, 
and VAN Gbel), ii, 729; (Moshar- 
rafa ; Conway ; G ianfrancheschi ) , 
ii, 830; (Kronig), ii, 917; (Kapitza 
and Skinner), ii, 918; (van Geel; 
Tartakovski), ii, 1016. 

Zeolites, properties and occurrence of 
(Weigel), ii, 709. 

combination of water in (Rothmund), 
ii, 710. 

Zinc, occurrence of, in soils, plants, and 
animals (McHargue), i, 1028. 
structure of (Collins), ii, 926. 
shifting of lines in spectrum of 
(Fukuda), ii, 1101. 

^-absorption spectrum of (Walter), 
ii, 611. 

atomic and band spectra of (HutTBi&N), 
ii, 1113. 

infra-red line spectrum of (Randall 
and St. Peter) ii, 1101. 
spark spectrum of (v. Salis), ii, 
334. 

vacuum spark spectrum of (Sawyer 
and Martin),' ii, 1100. 
optical constants of crystals of 
(Grabrr), ii, 1041. 
conductivities of (Schofield), ii, 273. 
potentials of, in cyanide solutions 
(Walker, Sorrels, and Breoken- 
ridge), ix, 1060. 

polarisation of, in alkaline solution 
(Jirsa and Loris), ii, 45. 
electro-deposition of (Marshall), ii, 
808. 

absorption coefficient of electrons in 
vapour of (Brode), ii, 1020. 
expansion coefficient of (Borelius and 
Johansson), ii, 27. 
thermal expansion of (GkOneisen and 
Gobns),K, 488. 

vapour pressure and entropy of 
(Rodebush and Dixon), ii, 492. 
physical properties of crystals of 
(Gruneisen and Goens) ii, 22. 
tensile strength of (Masing and 
P6 lInyi), ii, 370 ; (Schmid), ii, 
752. 

effect of colloids on the displacement of 
lead and copper by (Gray), ii, 578. 
effect of impurities on the solubility 
of, in acids (Vondra<5ek and Izak- 
Kri^ko) ii, 686. 

solubility of, in hydrochloric acid 
(Ipatirv and Verohovski), ii, 
1069. 
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Zinc, effect of emulsoids on the solution 
of, in solutions of copper, lead, and 
nickel salts (Friend and Tidmus), 
ii, 306. 

corrosion of, in sea-water (Bengough 
and May), ii, 218. 

physiological effects of iron and 
(Bertrand and Nakamura), i, 
1114. 

Zinc alloys with aluminium (Tanabe), 
ii, 2G4; (Isihaba), ii, 298, 786. 
tensile strength of (Elam), ii, 
954. 

decomposition of (Fraenkel and 
Goez), ii, 314. 

with aluminium and copper (Hanson 
and Gaylbr), ii, 974. 
with antimony and lead (Tammann 
and Dahl), ii, 535. 
with copper (Genders and Bailey), 
ii, 297. 

^-transformations in (Haughton 
and Griffiths), ii, 973. 
equilibrium in (Iitsuka), ii, 651. 
with copper, gold, and silver, Rontgen 
ray analysis of (Westgren and 
Phragm&n), ii, 746. 
with copper and magnesium, determin- 
ation of magnesium in (SchOrmann 
and Sohob), ii, 902. 
with gold (Saldau), ii, 205. 
with mercury and sodium, velocity of 
reaction of, with aqueous solutions 
(Klein), ii, 802. 

with tin, electrolysis of (Kremann 
and Baukovac), ii, 679. 

Zinc chloride, equilibrium of pyridine 
with (Mason and Mathews), ii, 
1063. 

compounds of proteins with (Pauli 
and Sch6n), ii, 198. 
additive compound of 3;5-dibromo- 
o-toluidine and (Hann and 
Spencer), i, 653. 

hydroxide, two crystal forms of 
(Friokk), ii, 484, 
precipitation of, electrometrically 
(Britton), ii, 1203. 
oxide, solubility of, in water (Remy 
and Kuhlmann), ii, 119. 
selenide (Moser and Atynski), ii, 
583. 

sulphate, specific heat of aqueous 
solutions of (Cohen, Helder- 
, man, and Moesveld), ii, 126. 
solubility of hydrates of (Bury), 
ii, 119, 

solubility of, in water (Cohen and 
Moesveld ; Cohen and Hetter- 
scmjsrh il 652. 

action of lead iodide with (Stof- 
1064, 


Zinc sulphide, scintillations in (Stalony- 
Df brovski), ii, 1027. 

Hall effect with crystals of (Lenz), ii, 
920. 

Zinc organic compounds : — 

Zinc diethyl, preparation of (Meyer), 
i, 893. 

preparation and purification of 
(Dennis and Hanoe), i, 798. 
diphenylcarbazides (Feigl, and 
Lederer), i, 171. 

phenylarsine iodide (Job, Reich, and 
Yergnaud), i, 173. 

Zinc determination and separation : — 
determination of (Jarvinen), ii, 602; 
(Congdon, Guss and Winter), ii, 
1002. 

determination of, electrolytieally, in 
presence of copper (Springer), ii, 
241. 

determination of, gravimetrically 
(Marckwald and Gebhardt), ii, 
1002 

determination of, in organic matter 
(Lutz), ii, 825. 

determination of, volumetrioally 
(Beyne), ii, 69, 438 ; (ICibper), 
ii, 70. 

recovery of, and its determination in 
biological material (Thompson), i, 
1489. 

separation of cadmium and (Luff), ii, 
159. 

separation of cobalt, manganese, 
nickel, and (Lemarchands), ii, 242, 
separation of nickel and (Kling and 
Lassiecr), ii 439. 

Zinc wire, single crystal, thermo-electric 
effect of (Linder; Bridgman) ii, 
1136. 

Zincite, experiments on (Dittler), ii, 
1184. 

Zingerone, preparation of (Nojm ora), i, 
1157. 

homologues of (Nomura and Hotta), 
i, 1156. 

isoZingerone. See 4-Methoxyphenyl- 
ethyl methyl ketone, £-3*hydroxy-. 

Zirconium, atomic weight of (HCnio- 
sohmid, Zintl, and GonzJUez), ii, 
174 ; (Hevesy), ii, 255. 
preparation of (van Arkel and de 
Boer), ii, 1193. 

Zirconium compounds, isomorphism of 
uranium and (Fernandes), ii 1133. 

Zirconium carbide and nitride (Friede- 
rioh), ii, 374. , 

trichloride compounds of, with 
^-diketones (Dilthey), i, 1473. 
double fluorides, solubility of (Hevesy, 
Christiansen, and Berglund), ii, 
505. 
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Zirconium hydroxide precipitation of, 
electrometrically (Britton), ii, 
1203. 

nitride (Friederioh and Sittig), ii, 
420. 

oxide, density of (Hevesy and Berg- 
lund), ii, 25, 

phosphate (Hevesy and Kimura), ii, 
1085. 

solubility of hafnium phosphate and 
(Hevesy and Kimura), ii, 
1147. 

action of acids and bases on (de 
Boer and van Arkbl), ii, 1185. 
sulphate, isomorphism of cerium 
sulphate and (Fernandes), ii, 
748. 

Zirconium separation : — 
separation of, from its ores (de Boer 
and van Arkbl), ii, 705. 
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Zirconium separation : — 
separation of, from cerium, thorium, 
and titanium (Moser and Lessing), 
ii, 718. 

separation of hafnium and (Naam- 
looze Vennootschap Philips’ 
Gloeilampenfabriken), ii, 62, 63 ; 
(de Boer and van Arkbl), ii, 
243 ; (Marquis, P. andG. Uubain), 
ii, 699, 

separation of, from iron (Wenger 
and Muller), ii, 1207. 

Zirconium ores, hafnium content of 
Hevesy and Jantzen), ii, 430. 

Zymase, formation of, in plants (Palla- 
din and Illjuviev), i, 1519. 
activity of (Paris), i, 475. 
fermentation with ( J knsen), i, 337. 

Zymocasein from yeast (Luers and 
Nowak), i, 338. 


ERRATA. 

Vol. 126 (Abstracts, 1924). 

Page Line 

i, 273 26 for 44 Kerner” read 44 Kirner.” 

Vol. 128 (Abstracts, 1925). 

i, 30 9* „ “ a~cyano-&-8cdicylylpropionic acid ” read “ a*cydno-&- 

saMcylpropionic add” and for 44 a-cyano-p~m-tolyl- 
propionic acid ” read 44 a-cyano -)3 -m’hydroxyph&nyl- 
propionic acid.” 

i, 298 14 — 15 „ “ ethyl Z-cMehydo-S-methyUndole-2-carboxylate ” read 

44 3 -aldehydo - 5~methylindole - 2 - carboxylic acid” 
i, 495 26 „ 4 4 dipropylallylammonium iodide ” read 44 dipropyldiallyl- 

ammanium iodide” 

i, 510 26* „ “ Muller” read “Miller.” 

i, 743 6* Insert author’s name, 44 S. Thttrlow.” 

i, 759 7, 9, 18 and 20 for “ Mercuralie ” read “ Mercuridlia." 

i, 830 16 and 18 for 44 Columba ” read 44 Calumba.” 

i, 881 23 for 44 Glattfield ” read 44 Glattfeld.” 

i, 890 7* „ 44 N. Etxssun ” read 44 H. Ensslin.” 

i, 943 26 „ 44 hexahydrocadaline ” read 44 h exahy dr ocadalene . 5 ’ 

i, 954 15* „ 44 Nfohreu ” read 44 Nohren.” 

i, 971 2* „ “ KetOTwr-l-demethylo-y-corydaline” read u Reto-7-de- 

methylo^-coryddlineJ* 

i, 1010 33 „ 44 Biochem. J." read 44 Biochrn. Z” 

ii, 23 7* „ 44 Jottnbaux ” read 44 Jouniaux.” 

ii, 69 3 „ 44 Gbtman ” read ** Gbrmann.” 

ii, 65 18* „ 44 0. Miller” read 44 E. Miller.” 

ii, 195 4 „ 44 Adams ” read 44 Adam.” 

ii, 257 5 „ 44 Skobblzyn ” read 44 Skobbltzyn,” 

ii, 279 17 „ 44 Scjhenk ” read ** Schengk.” 

.. ooo i* f / or “ Maximum . . ,18 hours,” read 44 The lowering of the 

lb 1” 12 1 adsorptive power of silica by decreasing the water content, 

n, as 6 i, £ ^ noted by other observers, was confirmed.” 

ii, 763 10* for u I. Massow ” read 44 1* Masson.” 

ii, 888 22 „ <4 Thiosulphites ” read 4< Tlridsulphate».” 

ii, 936 18* „ 44 Eeajd ” read 44 Reed.” 

ii, 942 6 „ 44 Weisbnberg ” read 44 Whissenberg.** 

ii, 1166 14 „ 44 Ptjtten ” read 44 Patten,” 


* From bottom. 
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The object of the British Chemical Abstracts is to furnish a concise 
account of the progress of chemical science and industry. It must 
be understood that as the abstracts are prepared for the information 
of chemists in general, they cannot possibly be made so full or so 
detailed as to obviate on the part of those who are engaged on special 
investigations the necessity of consulting the original memoirs. 

L Titles of papers must be given literally, but unnecessary words 
such as “The,” “Improvements in,” “Process for the,” etc., should 
be omitted. Where the original title is not sufficiently informative, 
an addition may be made in [ ], thus : 

Electrochemical reduction [of nitro- compounds]. 

The names (with initials) of authors should be clearly written, 
followed by the abbreviated title of the Journal (see p. 14), the year, 
volume number, and first and last pages of paper, thus : 

Dehydrogenation in presence of catalysts. M. G*. Stanton and 
C. J, Howe (J. Amer. Chem. Soc., 1926, 48, 1873-1882). — 

2* Before beginning to write the abstract, the whole of the original 
paper must be read, in order to obtain a clear and connected idea of 
its contents and to form a judgment of its importance and of the 
scale on which the abstract should be made. 

3. In the case of papers dealing with subjects not strictly chemical, 
the abstract should refer only to matters of chemical interest in the 
original. 

4. The abstract should consist mainly of the expression, in the 
abstractor’s own words, of the substance of the paper. Authors* 
summaries or conclusions may he found useful as the basis of 
abstracts, but in nearly every case it will be found necessary to 
supplement these with data from the body of the paper. 

5. The abstract should be made as short as is consistent with a 
clear and accurate statement of the author’s views and results. As 
the chief function of an abstract is to be informative, it should 
recount the achievements of the work, not merely its scope. 
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6, A concise statement showing the general trend of the investigation 
should he given at the commencement of those abstracts where the 
nature of the original permits of it. 

7* If an abstract of a paper on the same subject, either by the 
author of the paper abstracted, or by some other author, has already 
appeared, reference to this should be made, 

8. Matter which has appeared once in th e Abstracts is not to be 
abstracted again, a reference being given to the volume in which the 
abstract may be found. 

9. The abstracts, including those of Patents, should contain a 
record of all new compounds ; the names of these are printed in italics 
and should therefore he underlined in MS. Crystal form need not be 
stated unless some special significance attaches to it, and it is not 
generally necessary to mention that a compound is colourless, or that 
a nitro-compound or picrate is yellow, etc. As a rule, details of 
methods of preparation or analysis, or generally speaking of work, 
are to be omitted, unless such details are essential to the understand- 
ing of the results, or have some independent value. Further, com- 
paratively unimportant compounds, such as the inorganic salts of 
organic bases or acids, should be mentioned quite shortly. Merely 
qualitative statements as to solubility should as a rule be omitted. 
On the other hand, data such as melting and boiling points, sp. gr., 
specific rotation, etc., must be given in every case unless recorded in 
earlier papers. 

10. There is to be no duplication of abstracts in the A and B 
sections. When papers marked for abstraction for A contain matter 
of technical interest, or for B matter of purely scientific interest, this 
should be included in the abstract. 

11. Abstractors should not attempt to deal with papers sent to 
them which they consider too far outside their scope. Further, they 
should notify the Editor if more papers are being sent to them than 
they can handle satisfactorily. 

12. The Editor will be glad if abstractors will direct his attention to 
• any papers which, in their opinion, merit notice and have not been 

abstracted, or to those papers which, although marked, do not appear 
to be worthy of an abstract. 

13. Abstracts of patents should be based on the “Claims,” supple- 
mented where necessary by matter from the body of the specifications. 
Abstractors should notify the Editor if material sent to them for 

. abstraction is insufficient for the production of an intelligible abstract, 
or if the patent appears to be devoid of scientific foundation. 
Illustrations should be used when required for a proper understanding 
of the invention. 

In English and Foreign Patents the date is the date of appli- 
cation; when “a convention date” is given this should be added, 
thus: “ Conv., 12. 9. 24.” For TJ,S. Patents the date is that of 
the Official Gazette containing the claims; tbe date of filing should 
also be given thus: “ Appl., 25. 6. 23”; serial numbers are not 
noted. 
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14. The following abbreviations are permitted : — 


melting point m. p. 

freezing point f. p. 

boiling point at 240° under 35 mm. pressure b. p. 240°/35 mm. 

density 1*462 at 20° compared with water at 4°... 1*462 

observed rotation at 17° a$ 

specific rotation at 17° [a]U 

specific refraction for D line at 10° 

atomic weight at. wt. 

molecular weight mol. wt. 

molecule mol. 

gram-molecule g.-mol. 

atmospheres atm. 

with decomposition (in connexion with m. p.) decomp. 

absolute (temperature) Abs. 

corrected (do.) corr. 

gram-calories cal. 

kilogram-calories Cal 

British thermal units B.Th.U. 

gram3 g. 

kilograms kg. 

milligrams mg. 

centimetres cm. 

decimetres dm. 

cubic centimetres c.c. 

metres m. 

millimetres mm. 

normal (for solutions) jV 

electromotive force EM* F> 

potential difference P.E* 

for example e*g- 

that is i.e . 

namely . viz. 

percent % 


Nomenclature. 

15. Employ names such as sodium chloride, potassium sulphateiox 
inorganic compounds, and use the terminals ova and ic only in dis- 
tinguishing compounds of different orders derived from the same 
elementary radical ; such, for instance, as mercurous and mercuric 
chlorides, sulphurous and sulphuric acids. 

16. Term compounds of metallic radicals with the OH group 
hydroxides and nob hydrates, the name hydrate being reserved for com- 
pounds supposed to contain water of combination or crystallisation. 

17. Term salts containing an amount of metal equivalent to the 
displaceable hydrogen of the acid, normal and not neutral salts, and 
assign names such as sodium hydrogen sulphate, disodium hydrogen 

* 
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phosphate, etc., to the acid salts. Basic salts as a rule are best desig- 
nated merely by their formulae , 

18. Names in common use for oxides should be employed, for 
example: NO, nitric oxide; C0 2 , carbon dioxide; P 4 O 10 , phosphoric 
oxide ; As 4 0 6 , arsenious oxide ; ife 2 0 3 , ferric oxide. 

19. In open chain compounds, Greek letters must be used to indicate 
the position of a substituent, the letter a being assigned to the first 
carbon atom in the formula, except in the case of ON and C0 2 H, 
for example, CH 3 -OH 2 -CH 2 -CH 2 t a-iodobutane, CH s -CH 2 'CHCl*ON, 
a-chlorpbuty ronitrile , 

20. Isomeric open chain compounds must be represented as sub- 
stitution derivatives of the longest carbon chain in the formula ; for 
example, 

CH •CH 3 ^ >CH ‘ CH< 'OH 3 or CH 3 - OH 2 - CHMe- OHMe • CJBT, 
should be termed ^y-dimethyl pentane, not methylethylwopropyl- 
methane, and ^*>OH-CH<^ h or CH 3 -CHMe<CHMe-00 2 H 

should be termed a/3~dimethylbutyrie acid, not a/3,8-trimethylpropionic, 
or a-methylwovaleric, or methylisopropylacetic acid. ■> 

21. Use names such as methane, ethane, etc., for the normal 
paraffins or hydrocarbons of the C n H 2 n + 2 series of the form 
CH S *[CH 2 ] 5 *CH 3 , etc. Term the hydrocarbons C 2 H 4 and C 2 H 2 ethylene 
and acetylene respectively (not ethene and ethine). Homologues of 
the ethylene series are bo be indicated by the suffix -ene, and those of 
the acetylene series, wherever possible, by -inene. Adopt the name 
allene for the hydrocarbon CH 2 I Cl CH 2 . 

22. Distinguish all hydroxyl derivatives of hydrocarbons by names 
ending in ol. Alcohols should be spoken of as mono-, di-, tri-, or 
n-hydric, according to the number of OH groups. Compounds which 
are nob alcohols, but for which names ending in ol have been used, 
are to be represented by names ending in ole, if a systematic name 
cannot be given, thus anisole not anisol, indole not indol. Compounds 
such as MeONa, PhONa, etc., should be termed sodium methoxide, 
sodium phenoxide, etc. 

23. The radicals indicated in the name of a compound are to be 
given in the order chloro-, bromo-, iodo-, fluoro-, nitro-, nitroso-* 
amino-, imino-, hydroxy-, aldehydo-, keto-, thiocyano-, acyloxy-,* 
alkyloxy-,* acyl-,* alkyl-.* 

24. Compounds analogous to the acids of the lactic series containing 
the OH group should be termed hydroxy-derivatives, and not oxy-deriva- 
tives ; for example, hydroxyacetic and not oxyacetic acid. Compounds 
containing the analogous groups OEt, OPh, OAc, etc., should in like 
manner be termed ethoxy-, phenoxy-, acetoxy-derivatives. Thus 
a-ethoxypropionic acid, OEt*CHMe*C0 2 H, instead of ethyl-lactic acid; 

* In these groups, closed chain radicals precede open chain radicals ( e.g ., 
benzoyl, acetyl, or phenyl, methyl); within the same section, more saturated 
precede less saturated (e.#., c.yefohexyl, phenyl, styryl) or loss complex, more 
complex prenyl, naphthyl), univalent radicals precede bivalent, and so on. 
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3 : 4-diethoxy benzoic acid, (0Efc) 2 C 6 H 8 *C0 2 H, instead of diethylproto- 
catechuic acid ; and a-acetoxypropionic acid, OAc’CHMe'COgH, instead 
of acetyl-lactic acid. Terms such as diethyl pro tocatechuic acid should 
be understood to mean a compound formed by the displacement of 
hydrogen atoms in the hydrocarbon radical of protoe&t.echuic acid by 
ethyl, thus, C 6 HEt 2 (OH) 2 *CQ 2 H, and not C 6 H 3 (0Et) 2 *C0 2 H, just as 
dibromoprotocatechuic acid is understood to be the name of a compound 
of the formula C 6 HBr 2 (0H) 2 -C0 2 H. 

25. The term ether should be restricted to the oxides of hydro- 
carbon radicals and their derivatives, and the esters should be 
represented by names similar to those given to metallic salts. 

26. When a substituent is one of the groups NH 2 , NHR, NR 2 , NH, 
or NR, its name should end in ino ; for example, ^-aminopropionic acid, 
NH 2 *CH 2 *CH 2 *C0 2 H, jS-anilinoacrylic acid, NHPh-CH:CH-C0 2 H, 
a-iminopropionic acid, NH’CMe , 00 2 H. When, however, the NH 2 
group is substituted with an acid residue such as acetyl it becomes 
acetamido, etc. 

27. Compounds of the radical SO s H should, whenever possible, be 
termed sulphonic acids, or failing this, sulpho-compounds ; for example, 
benzenesulphonic acid, sulphobenzoic acid. 

28. Basic substances should invariably be indicated by names 
ending in ine, as aniline instead of anilin, the termination in being 
restricted to certain neutral compounds, viz., glycerides, glucosides, 
bitter principles, and proteins, such as palmitin, amygdalin, albumin. 
The compounds of basic substances with hydrogen chloride, bromide, 
or iodide should always receive names ending in ide and not ate , as 
morphine hydrochloride and not morphine hydrochlorate. 

29. The Chemical Society’s Collective Index (1913-1922) should be 
adopted as the standard of reference on questions of nomenclature not 
provided for in the preceding sections. 

Notation. 

30. In empirical formulae the elements are to be given in the 
order C, H, 0, N, 01, Br, I, F, S, P, and the remainder alphabetically. 

31. Equations should be omitted unless essential to the under- 
standing of the results ; as a rule, they should not be written on a 
separate line, but should u run on ” with the text. 

32. To economise space, it is desirable: 

(a) That dots should be used instead of dashes in connecting 

contiguous symbols or radicals, whenever this does 
not interfere with the clearness of the formula. 

(b) That formulae should be shortened by the judicious 

employment of the symbols Me for CH S , Et for 
C 2 H 6 , Pr* for CH 2 -0H 2 «CH s , Br* for CH(CH 3 ) 2 , Bn 
for CH 2 -[CH s ] 8 , Ph for OJEU Ac for CO-CBL, and Bz 
for COOgHg. 

(c) That formulae should be written in one line whenever 

this can be done without obscuring their meaning* 
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33. In representing the constitution of benzene derivatives, the 
relative positions of the radicals in the symbol of benzene should be 
indicated by numerals, instead of by means of the hexagon formula. 

(a) The abbreviations o-, ni-, and p-, should be used in place 

of 1 : 2- or ortho-, 1 : 3- or meta-, and 1 : 4- or para. 

(b) In numbering positions in the case of substitution deriva- 

tives of phenol, aniline, benzonitrile, benzoic acid, 
benzenesulphonic acid, benzaldehyde, and toluene, 
the characteristic radical of each of these parent 
substances is to be regarded as in position 1 (compare 
Chemical Society’s Collective Index). 

(c) Names of substitution derivatives should be given in 

such a way that the position of the substituent is 
indicated by a numeral prefixed ; for example : — 

SO s H 

U 7 -Br is 2 : 5-dibromobenzenesulphonic acid ; 

Me 

O NH, is 3-bromo-o-tolmdine-5-sulphonic acid. 

Br 

34. In representing the constitution of derivatives of other cyclic 
hydrocarbons, graphic formulas should not be employed, but the 
system of numbering positions indicated in Richter’s Lexikon der 
Kohlenstoff-Verbindungen (3rd edition, 1910, pp. 14 — 26) should be 
used, pending the adoption of a scheme by the International 
Committee. 

35. Attention is directed to the list of physico-chemical symbols 
on pp. 10-13, which should be used whenever possible, and also to the 
list of radicals which appears at the end of the Chemical Society’s 
Collective Index. 


Manuscript. 

36. In view of the difficulty of dealing with MSS. of widely varying 
sizes, abstracts must be written on quarto paper (8x10 in.), 

37. Each abstract, however short, should be written on a separate 
sheet, 

38. "When an abstract exceeds a sheet in length, the sheets must be 
fastened together by means of gum at the top left-hand corner. 

39. The name of the abstractor must be written at the end of the 
abstract. 

40. Abstracts, whether in typescript or MS., should have a wide 
margin at the left side and sufficient space between the lines for 
insertion of corrections. 



Proofs. 


41. Abstractors are expected to read and correct proofs carefully, 
and to check all names, formulae, and figures against MSS. 

42. All proofs, however small, must be returned to the Editor not 
later than 24 hours after receipt from the printers. 


%* The Editor’s decision, in all matters connected with the 
Abstracts, must be considered final. 
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LIST OF FHYSI00-0HBM30AL SYMBOLS* 


List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.C.S., 1921, 119, 502—512,] 


1. Mathematical Symbols , 


Base of natural (Napierian) logarithms ... 

Diameter .. 

Radius 

Ratio of circumference to diameter 

Summation 

Variation 

Total differential 

Partial differential 


Usual 

symbol* 

e 

d 

r 

7 r 
2 
5 
d 
d 


Alternative 

symbol. 


2. Universal Constants . 


Acceleration due to gravity 

Mechanical equivalent of heat 

Avogadro’s constant [number of molecules 

in 1 gram-molecule (mole)] 

Gas constant per mole 

Faraday’s constant (number of coulombs 

per gram-equivalent of an ion) 

Charge on an electron 


N 

B 

F 


3. General Physics and Chemistry . 


Length 

Height 

Mass 

Time ...... 

Volume 

Density (mass per unit volume) 

Pressure 

Concentration 

Mole fraction ... 

Critical constants : pressure, volume, tem- 
perature (centigrade), temperature 

(absolute), density 

Reduced quantities : pressure, volume, 

temperature, density 

van der Waals’s constants 

Fluidity 

Viscosity 

Surface tension 

Diffusion coefficient . .... 

Atomic weight * 

Molecular weight 

Velocity coefficient of reaction 

J^uffiWum constant 

yaa’t Hoff coefficient 

| Degree of dissociation (electrolytic, thermal, 
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4. Beat and Thermodynamics . 


Temperature (centigrade) 

Temperature (absolute) 

Critical temperature 

Reduced temperature 

Critical solution temperature 

Quantity of heat 

Entropy 

Specific heat 

Specific heat at constant pressure 

Specific heat at constant volume 

Ratio of specific heats, c p : c 0 

Molecular heat . . . . . 

Molecular heat at Constant pressure 

Molecular heat at constant volume 

Latent heat per gram 

Latent heat per mole 

Maximum work (diminution of free energy) 


Usual 

symbol. 

t 

T 

let T t 
t ti T r 
T M 
Q 
s 

c 

c p 

Cv 

0 
0 P 
O v 

1 

L 

A 


Alternative 

symbol. 

e 


5. Optics . 


Wave-length of light 

Refractive index 

Specific refractive power (Gladstone and 

Bale) 

Specific refractive power (Loren tz and 
Lorenz) 

Molecular refractive power 

Angle of optical rotation 

Specific rotatory power 

Molecular rotatory power 

Specifio magnetic rotation 

Molecular magnetic rotation .................. 


\ 

n 


r* [*£ 


{ 


ri, 


Rq, Rl 

[Sot [Szt 

a 


M 

M[a} 

00 

MM 


6. Electricity and Magnetism, 


Quantity of electricity 

Current intensity 

Resistance 

Electromotive force 

Electrode potential, or discharge potential 

of an ion ...... 

Electrode potential referred to the normal 
hydrogen or normal calomel electrode 
respectively, the potential of which is 

taken as zero 

Normal potential, t.e., the electrode poten- 
tial referred to the normal hydrogen or 
normal calomel electrode respectively, 
when the solution is molecular-normal 
in respect of all participating sub- 
stances and ions of variable concentra- 
tion ..... 

Dielectric constant 

Conductivity (specific conductance) 

Equivalent conductivity 

Equivalent|conduotivity at different dilu- 
tions — volumes in litres containing 
l gram -equivalent .1 


Q 

I 

R 

E 

E 


E ht E 0 


o Bk> 
e 

A 


Aio* A w Ago 


nr 


W 




0 € to 0* 
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LIST OF PHYSICO-OMMIOAL 83TMBOLS. 


6. Electricity and Magnetism — (continued). 


Equivalent conductivity of kation and 

of anion 

Equivalent conductivity of specified ions... 

Molecular conductivity . 

Velocity of kation and of anion in cm./ sec. 
when the potential gradient is 1 volt 

per cm 

Transport number of kation and of anion ... 

Magnetic permeability 

Magnetic susceptibility 


Usual 

symbol. 

A*, A a 
Alt* Acv 
h 


u*,u« 

ft*, n a 

K 


Alternative 

symbol. 


Symbol. 

A 

a 

b 

O 

c 

C„G, 

' V 

d 

d 0 

d 

E 

e 

Eh, E 6 


o Eht o Eo 


F 


I 

i 

J 

K 


Ko, K,p 


k 

L 

l 

M 



m 

'■ N 


;■ n - 


List of Symbols, Arranged Alphabetically . 

Name of quantity. 

Atomic weight ; maximum work. 

Van der Waals’s constant. 

Van der Waals’s constant. 

Concentration ; molecular heat. 

Concentration; specific heat. 

Molecular heat at constant pressure, and at constant 
volume. 

Specific heat at constant pressure, and at constant volume. 
Alternative symbol for density. 

Diameter; total differential ; density. 

Critical density. 

Reduced density. 

Electromotive force ; electrode potential. 

Base of Napierian logarithms ; charge on an electron. 
Electrode potential referred to the normal hydrogen or the 
normal calomel electrode, respectively, the potential 
of which is taken as zero. 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. 

Faraday’s constant (number of coulombs per gram -equiv- 
alent of an ion). 

Acceleration due to gravity. 

Height. 

Current. 

Van’t Hoff’s coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and 
partial pressures respectively are employed. 

Velocity coefficient of reaction. 

Latent heat per mole. 

Length ; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

Molecular magnetic rotatory power. 

Mass. 

Avogadro’s constant (Loschmidt’s number) or number of 
molecules in 1 gram -molecule. 

Refractive index. 
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List of Symbols, Arranged Alphabetically — (continued). 


Symbol. 
«*, n a 
n, 

P 

P 

PoPr 

Q 

B 

Rot B l 
r 

ro, r L 

8 

T 

T. 

T r 

¥« 

t 

to 

h. 

tr 

V ki u a 

V 

v 

V»1>r 

w 

X 

a 

M 

7 

A 

5 

b 

e 

«a, e 


o e 


V 

0 

K 

A 

Ai0> A„, Aqo 

A*» A g 
\ 

P 

v 

2 „ 


<r 



Name of quantity. 

Transport number of kation and of anion. 

Refractive index (alternative symbol). 

Pressure. 

Pressure. 

Critical pressure : reduced pressure. 

Quantity of heat ; quantity of electricity. 

Gas constant per mole ; electrical resistance. 

Molecular refractive power, according to Gladstone and 
Dale, and to Lorentz and Lorenz respectively. 

Radius. 

Specific refractive power according to Gladstone and Dale, 
and to Lorentz and Lorenz respectively. 

Entropy. 

Absolute temperature. 

Critical temperature (on the absolute scale). 

Reduced temperature (absolute). 

Critical solution temperature (absolute). 

Time; temperature (centigrade). 

Critical temperature (centigrade). 

Critical solution temperature (centigrade). 

Reduced temperature (centigrade). 

Velocity of kation and of anion in cm. /sec. when the poten- 
tial gradient is 1 volt per cm. 

Volume. 

Volume. 

Critical volume : reduced volume. 

Electrical resistance (alternative symbol). 

Mole fraction. 

Degree of dissociation (electrolytic, thermal, etc.); angle 
of optical rotation. 

Specific rotatory power. 

Surface tension; ratio of specific heats. 

Diffusion coefficient. 

Variation. 

Partial differential. 

Electrode potential (alternative symbol); dielectric con- 
stant. 

Electrode potential referred to the normal hydrogen or the 
normal calomel electrode respectively, the potential of 
which is taken as zero (alternative symbols). 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration (alternative symbols). 

Viscosity. 

Temperature (centigrade), (alternative symbol). 

Specific conductance (conductivity) ; magnetic suscepti- 
bility. 

Equivalent conductivity. 

Equivalent conductivity at different dilutions (volumes in 
litres containing 1 gram -equivalent). 

Equivalent conductivity of kation and of anion. 
Wave-length of light. 

Molecular conductivity ; magnetic permeability. 

Ratio of circumference to diameter. 

Summation. 

Surface tension (alternative symbol). 

Fluidity. 

Specific magnetic rotation. 
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JOURNALS HEtOM WHICH ABSTRACTS ARE MADE. 

The following is a list of Journals from which abstracts are made (directly or 
indirectly) by the Bureau of Chemical Abstracts. 


Abbreviated Title. 
Abh. Bohno. Akad. . 

Abh. Deut. Naturwiss. Med. 

Yer. Bohmen 
Acta Phytochim. 

Acta. Sci. Fennicae . 

Agric. Bull. F. M. S. 

Agric. J. India . » . 

Agric. Res. Inst., Pusa, Ron, 
(Bull.) 

Allgem. Z. Bierbratu . 

Amer. J. Bot. . 

Amer. J. Bis. Ghildren 
Amer. J. Pharm. 

Amer. J, Physiol. . 
Amer, J. Publ. Health 
Amer. J. Bci. . . 

Amer, Min. 

Anal. Asoo, Qufm. Argentina 
Anal. Fis. Quim. 

Analyst .... 
Annalen . . * . 

Ann. Bot. 

Ann. di Bot. 

Ann. Chim. 

Ann. Ohim. Analyt. . 
Annali Chim. Appl. . 

Ann. Falsif. 

Ann. hyg, pub. m4d. Idgale 
Ann. Inst. Pasteur . 

Ann. Physik . . 

Ann. Physique . . . 

Ann, R. Staz. Chim. Agrar. 
Sperim, 

Ann. sci. Univ, Jassy 
Ann. Soc, Geol. Congo 

Apoth.-Ztg. . 

Arb. Gebiet. Physik. Math., 
Chem. 

Arch. Entw.-mech. Org. . 
Arch, exp. Path. Pharm. . 

Arch, Farm, sperim. Sci. aff. 
Arch, FisioL , , 

Arch, ink Med. . 

^Arch. i&L Biol, ■ , 


Journal. 

Abhandlungen der Bbhmischen Akademie, 
Abhandlungen der Deutschen Katurwissenschaftlichen 
und Medizinischen Yerein, Bohmoh. 

Acta Phytochimica, 

Acta Societatis Scientiarum Fennicae, 

Agricultural Bulletin of the Federated Malay States. 
Agricultural Journal of India. 

Agricultural Research Institute, Pusa, Report and 
Bulletins. 

Allgemeine Zeitsehrift fur Bierbrauerei und Malz- 
fabrikation. 

American Journal of Botany. 

American Journal of Diseases of Children. 

American Journal of Pharmacy. 

American Journal of Physiology, 

American Journal of Public Health. 

American Journal of Science. 

American Mineralogist. 

Anales de la Asociacidn Qnimica Argentina. 

Anales de la Sociedad Espafiola de Fisica y Qufmica. 
Analyst. 

Justus Liebig’s Annalen der Chemie. 

Annals of Botany. 

Annali di Botanica. 

Ann ales de Chimie. 

Annales de Chimie Analytique et de Chimie Appliqu^e, 
Annali di Chimica Applicata. 

Annales des Falsifications. 

Annales d’hygi&ne publique et de medicine legale. 
Annales de lTnatitut Pasteur. 

Annalen der Physik. 

Annales de Physique. 

Annali della R. Stazione Ohimico Agraria Sperimeu- 
tale di Roma. 

Annales scientifiques de I’UniversiU de Jasay, 

Annales de la Soci4t6 g^ologique de Belgique : Publi* 
cations relatives an Congo Beige, 
Apotheker-Zeitung. 

Arbeiten aus dera Gebiete der Physik, Mathematik 
und Chemie, 

Archiv fur Entwicklungsmechanik der Organismen, 
Arehiv ftir experimen telle Pathologie und Pharma* 
kologie. 

Archivio di Farmacologia sperimental$ e Science affin^ 
Archivio di Fisiologia. ' ’ ‘ ' 

The Archives of Internal Medicine, 

Archives italiennes de Biologie. 
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Abbreviated Title. 
Arch. Med. Phann. milit. . 
Arch. N4erland. 

Arch. Neerland. physiol. . 

Arch. Pharm. . 

Arch. Sci. phys. nafc. 

Arch. Suikerind. Ned. -Indie 

Arkiv Eemi, Min., Geol. . 
Astrophys. J. . 

Atti K, Accad. Lincei 
Atti R. Accad. Sci. Torino 
Atti R, 1st. Veneto Sci. 

Beitr. Min. Japan 
Berg-Hiittenm. Rundsch. . 
Ber. .. . . * 

Ber. Deut. hot. Ges. . 

Ber. Dent, pharm. Ges. 

Ber. Oberhess. Ges. Natur. 
Heilkunde 

Ber. Ohara Inst, landw. 
Forsch. 

Ber. Sachs. Akad. Wiss. . 

Berlin. Klin. Woch. . 

Bied. Zentr. 

Biochem. J. . 

Biochem. Z, . . 

Bol. Acad, Nac. Ciencias, 
Cordoba 

Boll. Chim. farm. 

Boll. Soc. Geol. Ital. . 

Boll. Soc. Med.-Chirurg. . 
Bot. Centr. 

Bot. Gaz. . , . 

Brass. Malt. ' . 

Brau- u. Malzind. 
Braunkohle . . 

Brennstoff-Chem. 

Brewers’ J. 

Brit, J. Phot. . 

Brit. Med. J* . 

Buletinul Chim. 

Bui. Soc. Chim, Romania . 
Bui. Soc. Romans Stiin. . 
Bull. Acad. roy. Belg. 

Bull. Acad. Sci. Roumaine 

Bull, Assoc. Chim. Suer. . 

Bull. Bureau of Standards 
Bull. Com. G4ol. Finlande 

Bull Forest Exp, Sfcat, 
Meguro 

Bull. g4n. Th4rap. . 


Journal. , 

Archives de Medicine et de Pharmacie militaires. 
Archives N4erlandaises de sciences exaetes et natu- 
relles. 

Archives N4erlandaises de physiologie de l’homme et 
des animaux. 

Archiv der Pharmazie. 

Archives des Sciences physiques et naturelles, 

Archief voor de Suikerinaustrie iu Nederlandsch- 
Indie. 

Arkiv for Eemi, Mineralogi och Geologi. 

Asfcrophysical Journal. 

Atti della Reale Accademia Nazionale dei Lincei. 

Atti della Reale Accademia delle Scienze di Torino. 
Atti del Real© Istituto Yeneto di Scienze, Letter© ed 
Arti. 

Beitrage zur Mineralogie von Japan. 

Berg- und Hiittenmannisches Rundschau. 

Benchte der Deutschen chemischen Gesellschaft. 
Berichte der Deutschen botanischen Gesellschaft. 
Berichte der Deutschen pharmazeutischen Gesellschaft. 

• Berichte der Oberhessischen Gesellschaft fhr Natnr- 
und Heilkunde zu Giessen. 

Berichte des Ohara Instituts fur landwirtschaftliche 
Forschungen. 

Berichte Tiber die Verhandlungen der Sachsischen 
Akademie der Wissenschaften zu Leipzig. 

Berliner Klinische Wochenschrift, 

Biederraann’s Zentralblatt. 

Biochemical Journal. 

Biochemische Zeitschrift. 

Boletfn de la Academia Nacional des Ciencias, Cordoba, 

Bolletino Ohimico farmaeentico. 

Bolletino della Society Geologica Italiana. 

Bolletino della Societa Medico-Chirurgica, Pavia. 
Botanisehes Centralblatt. 

Botanical Gazette. 

Brasserie et Malterie. 

Brau- u. Malzindustrie. 

Braunkohle. 

Brennstoff-Chemie. 

Brewers’ Journal. 

British Journal of Photography. 

British Medical Journal. 

Buletinul Chimie. 

Buletiuul Societ&tei de Chimie din Romania. 

Buletinul Societatii Romano de Stiinte. 

Academie roy ale de Belgique — Bulletin de la Classe 
des Sciences. 

Bulletin de la Section Scientifique de TAcad&nie 
Roumaine. 

Bulletin de l’Association des Chimistes de Sueyerie et 
de Diatillerie. 

Bulletin of the Bureau of Standards (U.S.A.). 

Bulletin de la Commission G4ologique de Fin- 
land©. 

Bulletin of the Forest Experiment Station* Meguro, 
Tokyo. 

Bulletin g4ndral de Th4rapeutique m4dicale, ehir« 
nrgicale, obst4tricale. 
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JOURNALS FROM WHICH ABSTRACTS ARB MADE. 


Abbreviated Title. Journal. 

Bull. Geol. d’ Alsace . . Bulletin du Service de la Carte Geologique d’Alsace ot 

de Lorraine. 

Bull. Geol. Inst. Univ. Up- Bulletin of the Geological Institution of the University 
sala of Upsala. 

Bull. Geol. Soc. Araer. . Bulletin of the Geological Society of America. 

Bull, Geol. Survey, U.S. A. Bulletin of the U.S. Geological Survey. 

Bull. Geol. Survey, West Bulletin of the Geological Survey, West Australia. 
Australia 

Bull. Imp. Inst. . , Bulletin of the Imperial Institute. 

Bull. Indian Ind. Lab. . Bulletin of Indian Industries and Labour. 

Bull. Inst Phys. Chem. Bulletin of the Institute of Physical and Chemical 
Res., Japan. Research, Japan (Rikwagaku Kerkyujo Iho). 

Bull. Johns Hopkins Hos- Bulletin of the Johns Hopkins Hospital, 
pital 

Bull. School Mines and Bulletin of the School of Mines and Metallurgy, 
Met., Univ. Missouri . University of Missouri. 

Bull. Sci. Pharmacol. . Bulletin des Sciences Pharmacologiques. 

Bull. Soc. chim. . . Bulletin de la Soci6t6 chimique de France. 

Bull. Soc. chim. Belg. . Bulletin de la Soci6t6 chimique de Belgique. 

Bull. Soc. Chim. biol. . Bulletin de la Soci6t6 de Chimie biologique. 

Bull. Soc. d’Encour, , . Bulletin de la Soci4t6 d’ Encouragement pour Pln- 

dustrie Rationale. 

Bull. Soc. fran$. Min. . Bulletin de la Soci6t6 fran^aise de Min6ralogie. 

Bull. Soc. Fran?. Phot. . Bulletin de la Socidt6 Fran?aise de Photographie, 

Bull. Soc. G6ol. Belg. . Bulletin de la Societie Geologique de Belgique. 

Bull. Soc. Ind. Mulhouse . Bulletin de la Socidtd Industrielle de Mulhouse. 

Bull. Soc. Ind. Hord . . Bulletin de la Soci6t4 Industrielle du Hord de la 

France. 

Bull. Soc. Otiral. Sci. Hat. Bulletin de la Socidte Ouralienne des Amateurs des 

Sciences Haturelles h Oatherineberg. 

Bull. Soc. Pharm. Bordeaux Bulletin des Travaux de la Soci6t6 de Pharmacie de 

Bordeaux. 

Bull.WellcomeTrop.Res.Lab, Bulletin of the Wellcome Tropical Research Labora- 
tory. 

Cairo Sci* J. . . , Cairo Scientific Journal. 

Canada Dept. Mines Publ. . Canada Department of Mines Publications. 

Canadian Chem. Met. . Canadian Chemistry and Metallurgy. 

Canadian Med. Assoc. J. . Canadian Medical Association Journal. 

Caoutchouc et Gutta-Percha Le Caoutchouc et le Gutta-Percha. 

Casopis Math. Fysiky . Casopis pro pSstovAni Matheinatiky a Fysiky. 
Cellmosechera. . . . Cellulosechemie, 

Centr. Min. . . . Centraiblatt fur Miueralogie, Geologic nnd Paliionto- 

logie. 

Chem.App. . . . Chemiscbe Apparatus 

Chem. Erae . . . Chemie der Erde. 

Chem. and Ind. . . . Chemistry and Industry. 

Chem. Ind. . . . Chemische Industrie. 

Chem. Listy . . . 0hemiek6 Listy pro Yedu a Prfimysl. Organ de 

la “Ceska cheraicka Spole&iost pro V<$du a 
Prumysl” 

Chem. and Met. Eng. . Chemical and Metallurgical Engineering, 

Chem. Hews . . . Chemical Hews. 

Chem. Trade J. . . . Chemical Trade Journal. 

Chem. Umschaw. . . Chemische Umschau auf dem Gebiete der Fette, Oele, 

Waehse, und Harze. 

Chem. Weekblad. . . Chemisch Weekblad. 

Chem.-Ztg.. . . Chemiker-Zeitung. 

Chem. Zentr. . . . Chemisches Zentralblatt. 

China, et Ind. : , . .: Chimie et Industrie. 

Collegium . , . Collegium, 
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Abbreviated Title* Journal. 

Compt. rend. . . . Comptes rendus hebdomadaires des Stances de F Aca- 

demic des Sciences. 

Compt. rend. Soc. Biol. . Comptes rendus hebdomadaires de Seances de la Soci£t6 

de Biologie. 

Compt. rend. Trav. Lab. Comptes rendus des Travaux da Laboratoire Carls- 
Carlsberg berg. 

Degt, Chem. S. Australia, Department of Chemistry, South Australia, Bulletins. 

Deut. med. Woch. . . Deutsche medizinische Wochenschrift. 

E. P English Patent. 

Econ. Geol. . . . Economic Geology. 

Econ. Proc. Roy. Dubl. Soc. Economic Proceedings of the Royal Dublin Society. 
Engineering , . . Engineering. 

Eng. and Min. J. . . Engineering and Mining Journal. 

Exper. Stat. Rec. . . Experiment Station Record. 

F. P French Patent. 

Farben-Ztg. . . . Farben-Zeitung. 

Fermentforsch. . . . Fermentforschung. 

Feuerungstechnik . . Feuerungstechnik. 

Flora . . . Flora. 

Foldtani Kozlony . . Foldtani Kozlony. 

G. P. . . . . German Patent. 

Gas J, .... Gas Journal. 

Gas- u. Wasserfach . .Gas- und Wasserfach. 

Gas World .... Gas World. 

Gazzetta .... Gazzetta chimica italiana. 

Geol. For. Fork. . . Geologiska Foreningens i Stockholm Fbrhandlingar. 

Geol. Mag. .... Geological Magazine. 

Gerber .... Gerber. 

Giorn. Chim. Ind. Appl. . Giornale di Chimica Industriale ed Applieata. 
Gummi-Ztg. . . . Gumrai-Zeitung. 

Handl, Yijft* Nat. . . Handelingen van het Vijftende Natuur. 

Hawaii Agric. Exp. Stat. Hawaii Agricultural Experiment Station Bulletins. 
Bull. 

Heart . . . . . Heart. 

Helv. Chim. Acta . . Helvetica Chimica Acta. 

Indian J. Med. Re\ . . Indian Journal of Medical Research. 

India-rubber J. . . , India-rubber Journal. 

Ind. Eng. Chem. . . Industrial and Engineering Chemistry. 

Int. Rev, Sci. Pract. Agric. International Review of the Science and Practice of 

Agriculture. 

Int. Sugar J. , , International Sugar Journal, 

Iron Steel Inst. Carnegie Iron and Steel Institute, Carnegie Scholarship 
SohoL Mem. Memoirs. 

J.O.S. .... Journal of the Chemical Society. 

Jahrb. geol. Reichsanst. . Jahrbuch der geologischen Reichsanstalt. 

Jahrb. Min. . . . Neues Jahrbuch fiir Mineralogie, Geologie und 

Palaontologie. 

Jahrb. Min. Beil.-Bd. . Neues Jahrbuch fiir Mineralogie, Geologie und Palae- 

ontologie, Beilage-Band. 

Jahrb. Radioaktiv* . . Jahrbuch der Radioaktivitat und Elektronik. 

Jahrb. wiss. Bot. . . Jahrbuch fur -wissenschaftHche Botanik. 

Jahresber. Ges. vaterl. Jahresbericht der schlesischen Gesellschaft fiir vater- 
Kultur landische Kultur. 

Japan. J. Med. Sci. . . Japanese Journal of Medical Sciences. 

Japan. J. Phys. . . . Japanese Journal of Physics. 

Jernk. Ann. . . . Jern-kontorets Annaler. 

J, Agric. Res, . . Journal of Agricultural Research. 

J. Agric. Sci. . . . Journal of Agricultural Science. 

J* Amer. Ceram, Soc. . . Journal of the Amerioan Ceramic Society, 
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JOURNALS FROM WHICH ABSTRACTS ARE MADE. 


Abbreviated Title. Journal. 

J. Amer. Chem. Soc. . Journal of the American Chemical Society. 

J. Amer. Leather Chorn. Journal of the American Leather Chomists* Associa- 
Assoc. tion. 

J. Amer. Med. Assoc. . Journal of the American Medical Association. 

J. Assoc. Off. Agric. Chem. Journal of the Association of Official Agricultural 

Chemists. 

J. Biol. Chem. . , . Journal of Biological Chemistry. 

J. Canad, Min. Inst. . Journal of the Canadian Mining Institute. 

J. Chem. Ind. Tokyo . . See Kogyo-Kwagaku-Zasshi. 

J. Chem. Met. Soc. S. Africa Journal of the Chemical, Metallurgical, and Mining 

Society of South Africa. 

J, Chem. Soc. Japan. . Journal of the Chemical Society of Japan. (Nippon 

Kwagaku Kwai Shi.) 

J. Chim. phys. . . . Journal ae Chimie physique. 

J, Coll. Agric. Hokkaido . Journal of the College of Agriculture, Hokkaido Impe- 
rial University, Japan. 

J. Coll. Agric. Tokyo . . Journal of the College of Agriculture, Imperial Uni- 

versity of Tokyo, Japan. 

J. Coll. Eng. Tokyo . . Journal of the College of Engineering, Imperial Uni- 

versity of Tokyo. 

J. Coll. Sci. Tokyo . . Journal of the College of Science, Imperial University 

of Tokyo. 

J. Exp. Med. , . . Journal of Experimental Medicine. 

J. Eranklin Inst* . . Journal of the Franklin Institute. 

J, Gen. Physiol. . . . Journal of General Physiology. 

J. Genetics. . .. . . Journal of Genetics. 

J. Geol. . , . Journal of Geology. 

J. Geol. Soc. Tokyo . . Chishitsugaku Zasshi (Journal of the Geological 

Society of Tokyo). 

J. Hygiene. . . . Journal of Hygiene. 

J. Indian Chem. Soc. . . Quarterly Journal of the Indian Chemical Society, 

J. Indian Ind. Lab. . . Journal of Indian Industries and Labour. 

J. Indian Inst. Sci. . . Journal of the Indian Institute of Science. 

J. Ind. Hygiene . . . Journal of Industrial Hygiene. 

J. Inst. Brewing . . Journal of the Institute of Brewing. 

J. Inst Metals . . . Journal of the Institute of Metals. 

J. Inst. Petroleum Tech, . Journal of the Institution of Petroleum Technologists. 

J. Iron and Steel Inst. . Journal of the Iron and Steel Institute. 

J. Jap. Ceram. Assoc. . Journal of the Japanese Ceramic Association. 

J. Landw, . . . . Journal fur Landwirtschaft. 

J. Marine Biol. Assoc. . Journal of the Marine Biological Association of the 

United Kingdom. 

J. Med. Res. . . . Journal of Medical Research. 

J. Min. Agric. . . . Journal of the Ministry of Agriculture. 

J, Path. Bact. . . . Journal of Pathology and Bacteriology. 

J. Opt. Soc. Amer. . . Journal of the Optical Society of America. 

J. Pharm, Chim, . . Journal de Pharmacie et de Chimie. 

J. Pharm. Exp. Ther. . . Journal of Pharmacology and Experimental Thera- 

peutics. 

J. Pharm. Soc. Japan . Journal of the Pharmaceutical Society of Japan 

(Yakugakuzasshi). 

J; Physical Chem. , . Journal of Physical Chemistry, 

J. Physiol. , Journal of Physiology. 

J. Physiol. Path. g4n. . Journal de Physiologic et de Pathologic gSnfoale. 

J. Phys. Radium . Journal de Physique et le Radium. 

J. pr. Chem. ^ Journal fur praktische Ohemie. 

J. Proc. Asiatic Soc. Bengal. Journal and Proceedings of the Asiatic Society of 

Bengal. 

j.Proc. Roy.Sbc. New South Journal and Proceedings of the Royal Society of 
Wales ; New South Wales. 
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Abbreviated Title. Journal. 

J. Roy, Agric. Soc. , , Journal of the Royal Agricultural Society. 

J. Roy. Army Med. Corps . Journal of the Royal Army Medical Corps. 

J. Roy. Hort. Soc. . . Journal of the Royal Horticultural Society. 

J. Roy. Soc. West Australia Journal of the Royal Society of West Australia. 

J. Russ. Phys. Chem. Soc. Journal of the Physical and Chemical Society of Russia. 
J. Scot. Met. Soc. . , Journal of the Scottish Meteorological Society. 

J. Soc. Arts . . , Journal of the Royal Society of Arts. 

J.S.C.I. . . . . Journal of the Society of Chemical Industry. . 

J. Soc. Dyers and Col. . Journal of the Society of Dyers and Colourists. 

J. Soc. Leather Trades Chem. J ournal of the Society of Leather Trades Chemists. 

J. Soc. Glass Tech. . . Journal of the Society of Glass Technology. 

J. S. African Chem. Inst. . Journal of the South African Chemical Institute. 

J. Textile Inst. . * . Journal of the Textile Institute. 

J. UsinesGaz . . . Journal des Usines h Gaz. 

J. Washington Acad. Sci. . Journal of the Washington Academy of Science. 

J. West Scotland Iron Steel Journal of the West of Scotland Iron and Steel 

Inst. Institute. 

K. Svenska Yet. Akad. Kongliga Svenska Yetenskaps Akademiens Hand- 

Handi. lingar. 

Kentucky Exp. Stat. Bull. Kentucky Experimental Station, Bulletin. 

Keram. Rundsch. . . Keramisch Rundschau. 

Kew Bull. . . . Kew Bulletin. 

Kdgyo-Kwagaku-Zasshi . Kogyo-Kwagaku-Zasshi (Journal of Chemical Industry, 

Japan). 

Kolloid Z. , ■■■ . . Kolloid Zeitschrift* 

KolL-Chem, Beih. . . Kolloid-chemische Beihefte. 

Kosmos .... Kosraos (Lemberg). 

Kiihn-Archiv . . Kiilm-Archiv. 

Kunststoffe . . . Kunststoffe. 

Lancet . . . . The Lancet. 

Landw. Jahrb, . . . Landwtschaftliche Jahrbiieher. 

Landw. Yersuchs.-Stat . Die landwirtschaftlichen Yersuchs-Stationen, 

Louisiana Bull. . . - , Louisiana Bulletin. 

Louisiana Planter ... Lcmisiana Planter. 

Lunds Uni v. Arsskr. . . Lunds Universitets Ars-akrift. 

Math, es Term6s, Ert. . Mathematikai 4s Term4szettudom&nyi Erteslto, Buda- 
pest 

Medd. K. Yetenskapsakad, Meddelanden fr£n Kongl-Yetenskapsakademiens Nobel- 
Nobel-Inst Institut. 

Medd. on GrQnland . . Meddelser on Grouland. 

Med. Genees.Lab.Weltevre- Mededeelingon uit het Geneeskundig Laboratorium te 
den Weltevreden. 

Med. Chron. . . . Medical Chronicle. 

Med v Klinik . . . Medizimsehe Klinik. 

Mem, Accad. Lincoi , . Memorie della Reale Accademia dei Lincei. 

Mem. Accad. Sci. Torino . Memorie della Reale Accademia delle Scienze di Torino. 
Mem. Coll. Sci. Kyoto . Memoirs of the College of Science, Kyot6 Imperial 

University, 

Mem. Coll. Sci. and Eng. Memoirs of the College of Science and Engineering, 
KyotS Kyoto Imperial University, 

Mem. Dept. Agric. India . Memoirs of the Department of Agriculture in India, 
Mem. Manchester Phil. Soc. Memoirs find Proceedings of the Manchester Literary 

and Philosophical Society. 

Mem. Soc. Ing. Civ. . , M6moires de la Sooi4t6 des Ing4nieurs Civile de 

France. # ; 

Mem, Soc, Toscana Sci, Nat. Memorie della Society Toscana di Scienze naturali 

resident© in Pisa. 

M4ra. Poudres , / , Memorial des Poudres. 

Metallu, Erz , . Metali und Erz, 

Metallurgie . . . Metallurgy. 
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JOURNALS FROM WHICH ABSTRACTS ARE MADE. 


Abbreviated Title. Journal. 

Metrop. Water Bd. Rep. . Metropolitan Water Board Reports. 

Milch. Zentr. . . . Milchwirtschaftliches Zentralblatt. 

Min. Mag Mineralogical Magazine and Journal of tho Minoral- 

ogical Society. 

Mitt. Materialprlif. . . Mittheilungen aus dem Materialpriifungsamt zu Gross- 

Lichterfelde West. 

Mitt. med. Ges. Tokyo . Mittheilungen der medizinischen Gesellschaft zu 

Tokyo. 

Mitt. Naturforsch. Ges. Mittheilungen der Naturforschenden Gesellschaft zu 
Halle Halle. 

Mitt. Path. Inst. K. Univ. Mitteilungen aus dem pathologischen Institut der 
Japan Kaiserlichen TJniversitat zu Sendai, Japan. 

Monatsh. .... Monatshefte for Chemie und verwandte Teile anderer 

Wissenschaften. 

Monatsh. Math. Physik . Monatshefte fur Mathematik und Physik. 

Mon. Sci, . . . . Moniteur Scientifique. 

Month. Not. Roy. Astr. Soc. Monthly Notices of the Royal Astronomical Society, 

London. 

Mfinch. med. Woch. . . Miinchener medizinische Wochenschrift. 

Nachr. Ges. Wias. Got- Nachrichten von der Gesellschaft der Wissenschaften 
tingen zn Gottingen. 

Nature « . . Nature. 

Naturwiss. . . . Die Naturwissenschaften. 

Naturw. Rdsch. . . Naturwissenschaftliche Rundschau. 

New York Agr. Expt. Sta. New York Agricultural Experiment Station Bulletins. 
Bull. 

New Zealand Dominion New Zealand Dominion Laboratory Reports. 

Laby. Kept. 

New Zealand J. Sci. Tech. New Zealand Journal of Science and Technology. 
Nippon Kwagaku Kwai Shi Nippon Kwagaku Kwa Shi (Journal of the Chemical 
(J. Chem. Soc. Japan). Society of Japan). 

Nova Acta Soc. Sci. . . Nova Acta Regiae Societatis Scientiarum Upsaliensis. 

Nuovo Cim. . . .11 Nuovo Cimento. 

Ofvers. Finska Yet. -Soc. . Ofversigt af Finska Y etenskaps-Societdtens Forhand- 

lingar, Helsingfors. 

Oesterr. Ohem.-Ztg. . . Oesterreichische Chemiker-Zeitung. 

Oversigt Danske Yid. Selsk. Oversigt over det Kongelige Danske Yidenskabernes 

Selskabs Forhandlingar. 

Paper .... Paper. 

Papierfabr. . . . Papier- Fabrikant. 

Perf. and Essent, Oil Ree. . Perfumery and Essential Oil Record. 

Per, apis. Sofia . . . Periodicesko spisanie Sofia. 

Petroleum . . . Petroleum (German). 

Pfluger’s Archiv. . . Archiv far die gesamte Physiologie des Monschen 

und der Thiere. 

Pharm. J. . . . . Pharmaceutical Journal. 

Pharm. Weekblad . . Pharmaceutisch Weekblad. 

Pharm. Zentr. . . , Pharmazeutische Zentralhalle. 

Philippine J. Sci. . . Philippine Journal of Science. 

Phil. Mag. . . . Philosophical Magazine (The London, Edinburgh and 

Dublin). 

Phil. Trans. . . . Philosophical Transactions of the Royal Society of 

London. 

Phot. J. . . . . Photographic Journal. 

Phot. Korr. . . Photographische Korrespondenz. 

Physica . . . . Physica. 

Physical Rev. . . . Physical Review. 

Physikal. Z. , . . Physikalische Zeitschrift. 

^^pod. Amer. A^ad. Arts Sci. Proceedings of the American Academy of Arts and 
fiS§-\ ■' Sciences. 
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Abbreviated Title. Journal. 

Proc. Amer, Phil. Soc. . Proceedings of the American Philosophical Society. 

Proc. Amer. Physiol. Soc. . Proceedings of the American Physiological Society. 
Proc. Amer. Soc. Biol. Proceedings of the American Society of Biological 
Chem. Chemists. 

Proc. Amer. Soc. Civ. Eng. Proceedings of the American Society of Civil 

Engineers. 

Proc. Amer. Soc. Testing Proceedings of American Society for Testing Materials. 
Materials 

Proc. Austral. Inst. Min. Proceedings of the Australasian Institute of Mining 
Met. ^ and Metallurgy. 

Proc. Camb. Phil. Soc. , Proceedings of the Cambridge Philosophical Society. 
Proc. Durham Phil. Soc. . Proceedings of the Durham Philosophical Society. 

Proc. Eng. Soc. W. Pa. . Proceedings of the Engineers’ Society of Western* 

Pennsylvania. 

Proc. Inst. Civ. Eng. . . Proceedings of the Institution of Civil Engineers. 

Proc. Inst. Mech. Eng. . Proceedings of the Institution of Mechanical Engineers. 

Proc. K. Akad. Wetensch. Koninklijke Akademie van Wetenschappen te Amster- 
Amsterdam dam. Proceedings (English version). 

Proc. Nat. Acad. Sci. . Proceedings of the National Academy of Sciences. 

Proc. Nova Scotia Inst. ScL- Proceedings of the Nova Scotia Institute of Science. 
Proc. Phil. Soc, Glasgow . Proceedings of the Glasgow Philosophical Society. 

Proc. Physical Soc. . . Proceedings of the Physical Society of London. 

Proc. Physiol. Soo. . . Proceedings of the Physiological Society. 

Proc. Roy. Inst. . . Proceedings of the Royal Institution of Great Britain. 

Proc. Roy. Irish Acad. . Proceedings of the Royal Irish Academy. 

Proc. Roy. Soc. . . . Proceedings of the Royal Society. 

Proc. Roy. Soc. Edin. . Proceedings of the Royal Society of Edinburgh. 

Proc. Roy. Soc. Med. . . Proceedings of the Royal Society of Medicine. 

Proc. Roy. Soc. Queensland Proceedings of the Royal Society of Queensland. 

Proc. Roy. Soc. Tasmania . Proceedings of the Royal Society of Tasmania. 

Proc. Sci, Assoc., Yizian- Proceedings of the Science Association, Maharajah’s 
agram College, Vizianagram. 

Proc. Soc, Exp. Biol. Med. Proceedings of the Society for Experimental Biology 

and Medicine. 

Proc. C.S. Nat. Mus, . Proceedings of the United States National Museum, 
Proc. verb. Soe. Toscana Sci. Processi verbali Societh Toscana di Scienze Natural!. 
Nat. 

Pub. Fac, Sci. Univ. Publications de la Faculty des Sciences de FUniversitd 
Masaryk. Masaryk (Spisy vydavand PHrodovMeckou 

Facoultou Masarykovy University). 

Pulp and Paper Mag. • . Pulp and Paper Magazine of Canada. 

Quart. J. Geol. Soc. . . Quarterly Journal of the Geological Society. 

Quart. J. Med. . . . Quarterly Journal of Medicine. 

Radium in Biol. Heilkunde Radium in Biologie und Heilkunde. 

Rec. Australian Mus. . Records of the Australian Museum. 

Rec. trav. bot. Nderland. , Recueil des travaux botaniques Nderlaudaises. 

Rec. trav. chim. . . Recueil des travaux chimiques des Pays-Bas. 

Rend. Accad. Sci. Fis. Mat. Rondiconto delT Accademia delle Scienze Fisiche e 
Napoli- Matematiche, Napoli. 

Rend. 1st, Lomb. Sci. Lett. Rendiconti dell’ Reale Istituto Lombardo di Scienze e 

Letters. 

Rep. Aust. Assoc. Sci. . Report of the Australian Association 1 for the Advance- 
ment of Science. 

Rep. Brit. Assoc. * . Report of the British Association for the Advancement 

of Science. 

Rev. clum, . . . Revue chimique . . . Oficijelni organ udrufenja Jugo- 

' slavenskih Kemi&tra. 

Rev, gita, Bot, . . ■ . Revue gdn&rale de Botanique. 

Rev, g6 n. Colloid. . . Revue gdndrale des Oolloiaes. 

Rev, Gdn, Mat. Col, . . Revue Gdndrale des Matures Colorantes. 
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Abbreviated Title. Journal, 

Rev. M6t. . . . Revue de M6tallurgie. 

Rev. Real Acad. Ciencias Revista de la Real Academia de Ciencias exactas, 
exact. Madrid Fisicas y Naturales de Madrid. 

Riv. Min. Crist. Ital, . Rivista di Mineralogia e Cristallografia Italiana. 

Rocz. Chem. Roczniki Ohemji organ Polskiego Towarzystwa 

Oheraicznego. 

Sbornik Klubu Pri, . Sbornik Klubu PMrodovSdeckdho (Prague). 

Schweiz. Apoth. Ztg. Schweizerische Apotheker Zeitung. 

Schweiz. Chem.-Ztg. Schweizerische Chemiker Zeitung. 

Science . . Science. 

Sci. Ind. Rep. Roure-Ber Scientific and Industrial Reports of Roure-Bertrand 
trand Fils Fils. 

Sci, Papers Inst. Phys. Scientific Papers of the Institute of Physical and 
Chem. Res. Tokyo Chemical Research, Tokyo. 

Sci. Proc. Roy. Dubl. Soc. Scientific Proceedings of the Royal Dublin Society. 

Sci Rep. T6hoku Imp.Univ. Science Reports, Tonoku Imperial University. 

Sci Trans. Roy. Dubl. Soc. Scientific Transactions of the Royal Dublin Society. 

Seifensied. Ztg. . . Seifensieder Zeitung. 

Sitzungsber. Akad. Miin- Sitzungsberichte der bayerischen Akademie der Wisseij- 
chen schaften zu Mtlnchen. 

Sitzungsber. Akad. Wiss. Sitzungsberichte der Akademie der Wissenschaften, 
Wien Wien. 

Sitzungsber. Ges. Naturwiss. Sitzungsberichte der Gesellschaft zur Beforderang der 
Marburg gesammten Naturwissenschaften in Marburg. 

Sitzungsber. Heidelberger Sitzungsberichte der Heidelberger Akademie der Wis- 
Akad, Wis. senschaften. 

Sitzungsber. Med. Natur- Sitzungsberichte der Medizinisch-Naturwissenschaft- 
wiss. Minister lichen Gesellschaft zu Miinster-in-Westfalens. 

Sitzungsber. Naturforsch. Sitzungsberichte der Naturforschenden Gesellschaft zu 
Ges. Rostock Rostock. 

Sitzungsber. phys. med. Ges. Sitzungsberichte der physikalisch-medizinischen Gesell- 
Erlangen schaft zu Erlangen. 

Sitzungsber. Prenss. Akad. Sitzungsberichte der Preussischen Akademie der 
Wiss. Berlin Wissenschaften zu Berlin. 

Skand. Arch. Physiol. . Skandinavisches Archiv fiir Physiologic. 

Smithsonian Miscell. Coll. . Smithsonian Miscellaneous Collections. 

Soil Sci. .... Soil Science. 

South African J. Ind. . South African Journal of Industries. 

South African J. Sci. . South African Journal of Science. 

Sprechsaal .... Sprechsaal. 

Stahl u, Eisen , . . Stahl und Eisen. 

Staz. sper. agr. ital. . , Stazioni sperimentali agrarie italiane. 

Strahlenther . . . Strahlentherapie. 

Suom. Tied. Toim. . . Suomalaisen Tiedeakatemian Toimituskia. 

Svensk Kem. Tidskr. . Svensk Kemisk Tidskrift. 

Tech. Rep. Tdhoku Imp. Technology Reports of the Tohoku Imperial University, 
Univ. Sendai, Japan. 

Tekn. Tidsk. . . . Teknisk Tidskrift. 

Textilber Melliand’s Textilberiohte fiber Wissonschaft, Industrie 

und Handel, 

Ther. Gegenw. . , Die Therapie der Gegenwart. 

Ther. Monatsh. . . . Therapeutische Half-Monatshefte. 

Tonind.-Ztg. , . . Tonindustrie-Zeitung. 

Trans. Amer. Electrochem. Transactions of the American Electrochemical Society. 
Soc. 

Trans. Amer. Inst. Chem. Transactions of the American Institute "of Chemical 

, Eng. Engineers. 

Trans. Amer. Inst. Metals . Transactions of the American Institution of Metals, 

Trans. Amer* Inst. Min. Transactions of the American Institute of Mining 
Eng. Engineers. 
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Abbreviated Title, Journal. 

Trans. Ceram. Soc. . . Transactions of the Ceramic Society. 

Trans. Faraday Soc. . . Transactions of the Faraday Society. 

Trans. Inst. Min. and Met, Transactions of the Institution of Mining and Metal- 
lurgy. 

Tr. N. Eng. Inst. Min. and Transactions of the North of England Institute of 
Met. Mining and Metallurgy, 

Trans. New Zealand Inst. . Transactions of the New Zealand Institute. 

Trans. Nova Scotia Inst. Transactions of the Nova Scotia Institute of Science. 
Sci. 

Trans. Roy. Irish Acad. . Transactions of the Royal Irish Academy, 

Trans. Roy. Soc. Canada . Transactions of the Royal Society of Canada. 

Trans. Roy. Soc. Edin. . Transactions of the Royal Society of Edinburgh. 

Trans. Roy. Soc. Sth, Transactions of the Royal Society of South Africa. 
Africa 

Tsch. Min. Mitt. . . Tschermak’s Mineralogische Mitteilungen. 

U.S. Bureau of Mines, Bull. United States Bureau of Mines, Bulletins and Tech- 
and Tech. Papers nical Papers. 

U.S. Bureau Plant Ind. . United States Bureau of Plant Industry. 

U.S. Comm. Rept. . . United States Commerce Reports, Daily Consular and 

Trade Reports. 

U.S. Dept. Agric. Bull. . United States Department of Agriculture Bulletins. 

U.S. Hyg. Labor. Bull. . United States Hygienic Laboratory Bulletins. 

U.S.P United States Patent. 

Univ. Illinois Bull. . . University of Illinois Bulletins. 

Utah Agric. Coll. Exper. Utah Agricultural College Experiment Station 
Stat. Bull. Bulletins. 

Y erh. Geol . Reichsanst. V erhandlungen der geologisehen Reichsanstalt in W ien . 
Wien 

Verh.Ges,deut.Naturforsch. Yerhandlungen der Gesellschaft deutscher Natur- 
Aertze ' forscher nnd Aertze. 

Yerh. Naturhist. med. Yer. Yerhandlungen des naturhistorisch-medizinischen 
Heidelberg Yereins zu Heidelberg. 

Yerh. Naturhist. Rheinl. . Yerhandlungen des naturhistorischen Yereins der 

preussischen Rheinlande und Westfalens. 

Yerh. Physiol. Ges. Berlin Yerhandlungen der Physiologischen Gesellschaft zu 

Berlin. 

Yerh. Schweiz. Nat. Ges. , Yerhandlungen der Schweizerischen Naturforschenden 

Gesellschaft^ Basel. 

Yict. Mem. Mus. Geol. Sur- Victoria Memorial Museum Geological Survey of 
vey, Canada Canada, Bulletin, 

Videnskab. Skrifter , . Skrifter udgivne af Videnskabsselskahet i Kristiania. 

Wiener Klin. Woch. . . Wiener Klinische Wochenschrift. 

Wiss. Abhandl. Physikal.- Wissenschaftliche Abhandlungen der Physikalisch- 
Tech. Reichsanst. Technischen Reichsanstalt. 

Wiss.VerofF, Siemens-Konz. Wissenschaftliche Veroffentlichungen aus dem Sie- 

mens-Konzern. 

Wochbl. Papierfabr. . . Wochenblatt fur Papierfabrikation, 

Woch. Brau. . . . Wochenschrift fur Brauerei. 

Y akugakuzasshi ( J, Pharm. Y akugakuzasshi ( J ournal of the Pharmaceutical Society 
Soc. Japan). of Japan). 

Z. allg. Physiol. . , Zeitschrift fur allgemeine Physiologic. 

Z. anal. Chem, . . . Zeitschrift fiir analytische Chemie. 

Z» angew. Chem. . . Zeitschrift fiir angewandte Chemie, 

Z. anorg, Chem. . . Zeitschrift fiir anorganische und allgemeine Chemie. 

Z. Biol, . . . . Zeitschrift fiir Biologic. 

Z. dent, Geol. Ges. . . Zeitschrift der deutsclien Geologisehen Gesellschaft. 

Z, dent. Oel-Fett Ind. . Zeitschrift der deutschen Oel- und Fett-Industrie. 

Elefetrochem. . . Zeitschrift fur Elektrochemie. 

Z. exp. Path. Ther. . , Zeitschrift fiir experimentolle Pathologie und Therapie. 

Z, ges. Brauw. . . , Zeitschrift fiir das gesamte Brauwesen. 
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JOTJRHALS FROM WHICH ABSTRACTS ARB MADE. 


, ABBREVIATED Title. JotritNAi. 

Z. gos. d*p. Med* . Zeitsehrift fur die gesamte experimontelle Mediziu. 

Z. ges. Schiess- u, Spreng- Zeitsehrift flir daa gesamte Sehiess- und Sprengstoff- 
stoffw. wesen, 

Z. Hyg. . . . Zeitsehrift fur Hygiene und Infektionskrankheiten. 

Z, Immunit, * * , Zeitsehrift fur Immunitatsforschung und experi- 

mented© Therapie* 

Z. Instrument. . . . Zeitsehrift fur Instrum entenkunde, 

Z. Kryst .... . Zeitsehrift fur Krystallographie. 

Z, Leder-Gerb.-Chem. , Zeitsehrift fur Leder-und Gerberei-Chemie. 

Z. Metallic. . . . Zeitsehrift fur Metallkunde. 

Z. offentl. Chem. . . Zeitsehrift fur offentliche Chemie. 

Z. Physik . - . Zeitsehrift fur Physik. 

Z. physikah Chem. . . Zeitsehrift fur physikalisohe Chemie, S tdohiometrie 

und Yerwandschaftslehre. 

Z. physikal. chem. Unterr. Zeitsehrift fur den physikalischen und chemischen 

Unterricht ' 

Z. physiol. Chem. . Hoppe- Seyler’s Zeitsehrift fiir physiologisohe Ohemie, 

Z. prakt. Geol, . - . Zeitsehrift fur praktische Geologie. 

Z. Sauerstoff Stiek&toff Ind, Zeitsehrift fiir Sauerstoff und Stiokstoff Industrie. 

Z. Spiritusind. . . Zeitsehrift fiir Spiritusindustrie. 

Z. Unters. Hahr. Genussm. Zeitsehrift fiir Untcrsuchung der Nahrungs- und 

Genussmittel. 

Z. Yer. deut. Zuckerind. Zeitsehrift des Yereins der deutschen Zucker-Industrie. 

Z. wiss, Mikroak. . . Zeitsehrift fiir wissenschaftliche Mikroskopie und 

mikroskopische Technik. 

Z. wiss. Phot . . . . Zeitsehrift fiir wissenschaftliche Photographie, Photo- 

physik und Photochemie. 

Z. Zuckerind. Ceehoslov, . Zeitsehrift fiir Zuckerindustrie der Ceclioslovakischen 

Republik. 

Zellstoff u. Papier . . . Zellstoff und Papier, 

Zentr. Rakt. Par. . . Centralblatt fur Bakteriologic* Parasitenkunde und 

Infektionskrankheiten. 

Zentr. Zuckerind. . . Zentralblatt fflr Zuckerindustrie. 



PROCEEDINGS 


OF THE 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, January 15th, 1925, at 
8 pan., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

May 2nd, 1912. Nov. 24th, 1924. 
June 16th, 1887. Oct, 6th, 1924. 

May 4th, 1893. Jan. 3rd, 1925; 
Nov. 21st, 1853. Dec. 26th, 1924. 
June 15th, 1899. Feb. 1924, 

June 4th, 1874. Dec. 21st, 1924. 

The President announced : 

(1) That the names of the Members of Council who retire at the 
Annual General Meeting on the 26th March, 1925, and who are 
ineligible for re-election to the same office until the lapse of one 
year, are as follows : 

President : 

Prof. W. P. Wynne. 

Foreign Secretary : 

Dr. A. W. Crossley. 

Vice-Presidents who have filled the office of President : 

Prof. H. B. Dixon, Prof. P. F. Frankland. 

Vice-Presidents who have not filled the office of President : 

Prof. E. 0. C. Baly, Dr. J. T. Hewitt. 

Ordinary Members of Council : 

(a) Town Members : 

Dr. 0. Dor4e, Dr, J. J. Fox, Prof. J. R. Partington. 

(b) Country Members 

Prof. I. M. Heilbron, Prof. J. W. McBain, Dr. W. H. Mills. 


Robert P. Douglas 

Khasberao B. Jadhava .. 

Edmund G. Lamb 

George Downing Liveing 
James McAIley ............. 

William Sharman ....... 



2 


The following vacant places fall due to be filled at the Annual 
General Meeting on March 26th, 1925, in accordance with* the 
Bye-Laws : 

President One vacancy. 

Secretaries One vacancy. 

Foreign Secretary One vacancy. 

Vice-Presidents who have filled the office of 
President ... Three vacancies . 

(Note : the vacancy additional to the two prescribed by the 
Bye-Laws is caused by the death of Sir James Dobbie.) 

Vice-Presidents who have not filled the office 
of President .. ... ... Two vacancies. 

Ordinary Members of Council : 

(a) Town Members (i.e., those living within 

a radius of 50 miles from Charing Cross) Five vacancies . 

(b) Country Members (i.e., those living 

beyond a radius of 50 miles from 

Charing Cross) ... Two vacancies. 

(Note : In accordance with the Bye-Laws, the number of 
vacancies in each of the categories (a) and ( b ) is three. But this- 
year the vacancies among Town Members are increased by two 
and among Country Members reduced by two, owing to Prof. 
C. K. Ingold and Prof. J. Reilly, who are no longer resident 
in the London area, being transferred from Town to Country 
Members; while the resignation of a Country Member increases 
the number of vacancies among Country Members from one to two.. 

The Council has nominated : 

Dr. A. W. Crossley to the office of President. 

Dr. T. Slater Price to the office of Secretary, 

Prof. F. G. Donnan to the office of Foreign Secretary. 

(2) That the following address of congratulation was presented 
by Sir William Pope, F.R.S., to the Soci^td Chimique de France 
on December 22nd, 1924, on the occasion of the celebrations of the 
50th Anniversary of the foundation of Stereochemistry by van’t 
Hoff and Le Bel in 1874 : 

“ To the Societe Chimique de France. 

“ The President, Council and Fellows of the Chemical Society 
rejoice to learn that the Societe Chimique de France is meeting on 
December 22nd on the occasion of the 50th anniversary of the 
foundation of Stereochemistry by Joseph Achille Le Bel and Jacobus 
Henricus van’t Hoff. 
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“ These two savants will ever be remembered for one of the most 
important advances in modem chemical thought and practice. 
The masterly conception which they gave to the chemical world 
has proved a fruitful incentive to brilliant researches, which have 
not only confirmed their theoretical reasoning, but have also im- 
measurably widened our knowledge of chemical structure. 

“ The Chemical Society, which is proud to have the name of 
Joseph Achille Le Bel on its list of Foreign Fellows, welcomes the 
opportunity of joining with its sister Society in doing honour to 
Le Bel and van’t Hofi and in paying homage to their genius. 

“ Signed on behalf of the Chemical Society, 

W. P. Wynne, President . 

Jocelyn Thorpe, Treasurer. 

T. Slater Pricer a . . 

C. S. Gibson, j 
Arthur W. Crossley, Foreign Secretary. 

“ Sealed in Council this Eighteenth day of December, One 
Thousand Nine Hundred and Twenty-four. 3 ' 


The following were formally admitted Fellows of the Chemical 
Society : H. J. George, E. Rothstein, R. F. Goldstein, S. Barratt, 
E. Roberts, J. A. Aeschlimann, J. Ross, and C, I. Kelly, 
Certificates were read for the first time in favour of : 


0aud McClellan Bottomley, B.Sc., 43, Manor Road, Blackburn. 

Frederick Stanley Brown, B.Sc., A.X.O., Bosebank, Tile Hill Lane, Coventry. 
Herbert Isaac Coombs, B.Sc., B.A., Trinity College, Cambridge. 

Ernest James Davis, 45, McClure Street, Ormeon Road, Belfast. 

Henry Bell Footner, B.Sc., Great Dean, nr. Christchurch, Hants. 

Robert Owen Griffith, M.Sc., A.I.C., Muspratt Laboratory of Physical 
Chemistry, The University, Liverpool. 

Herbert Henry Hodgson, M.A., Ph.D., B.Sc., 136, Paley Road, 

Bradford. 

Wilford Jord&yne Johnson, Devanha, South Road, Brighton Beach, Victoria, 
Australia. 

William Weaallt Jones, M.Sc., 19, White Hart Lane, Wood Green, N. 22. 

Jacob Kraoovski, B.Sc,, 11, Ernest Street, E. L 

John Joseph Laws, 45, Fulham Road, South Kensington, S.W. 7. 

Alexander John Simpson Leiper, 74, Whitworth Road, South Norwood, 
S.E. 25. 

William Hamilton McVicker, M.Sc., 45, Wellington Park, Belfast. 

Frank Douglas Miles, Caldwell Road, West Kilbride, Ayrshire. 

William Bayley Parker, F.I.C., 3, Murray Road, Rugby. 

Isaac Vogel, B.Sc,, 16, Wellclose Square, E. 1. 

Nellie Walker, M.A., Ph.D., B.Sc., 15, Fintry Place, Broughty Perry. 

James Ewart Whipp, 15, St. John’s Street, Longsight, Manchester. 

The following papers were read : 

“ 6-Chlorophenoxarsine . * * By E. E. Turner and A. B. Sheppard, 
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“ The chemistry of the three-carbon system. Part III. a[3-(3y- 
Change in unsaturated acids.” By G. A. R. Koh and R. P. 
LlNSTEAI). 

“ The influence of valency direction on the dissociation constants 
of dibasic acids.” By C. H. Spiers and J. F. Thorpe. 

“ The relation of pilocarpidine to pilocarpine. Synthesis of 1 : 4- 
and 1 : 5-dimethylglyoxalines.” By R. Turtles, P. L. 
Pyman, and J. Roylance. 


LECTURE. 

Sir William Hardy, Sec.R.S., will deliver his Lecture entitled 
“ Problems presented by Pilms on Solid Surfaces,” on Thursday, 
February 26th, 1925, at 8 p.m., in the Lecture Hall of the Institution 
of Mechanical Engineers, Storey’s Gate, Westminster, S.W, 1. 


ANNIVERSARY DINNER. 

The Anniversary Dinner will be held in the Grand Hall of the 
Hotel Victoria, Northumberland Avenue, W.C, 2, on Thursday, 
March 26th, 1925, the day of the Annual General Meeting. Further 
particulars will be issued shortly. 


ORDINARY SCIENTIFIC MEETINGS IN FEBRUARY. 

February 5th, at 8 p.m. 

February 19th, at 8 p.m., when a ballot for the election of Fellows 
will be held. 


list of Papers received between December 19th, 1924, and 
January 15th, 1925. (This List does not include the titles of 
papers, or abstracts thereof, which have been read at a Scientific 
Meeting, or which have appeared in the Journal.) 

“ Note on a simple constant-level apparatus for thermostats and 
water-baths.” By J. M. Smith. 

“ Studies of equilibrium in systems of the type Al 2 (S0 4 ) a -M”S0 4 - 
H 2 0. Part I. A1 2 (S0 4 ) 3 -CuS 0 4 “H 2 *0. Al 2 (S0 4 ) 3 ~MnS0 4 - 

H 2 0 at 30°.” By R. M. Caven and T. C. Mitchell. 

“ The mercuration of aromatic substances. Part I. Toluene.” 

“ The chemistry of the three-carbon system. Part IV. A case of 
retarded mobility.” By G. A. R. Kon and R. P. Linstead. 



44 The velocity of reaction in mixed solvents. Part VIII. The 
velocity of formation of certain quaternary ammonium salts.” 
By H. McCombie, H. M. Roberts, and H. A. Scarborough. 

44 Crystalline cuprous bromide.” By D. B. Briggs. 

44 Phenyl benzyl diketone and some derivatives.” By T. Malkin 
and R. Robinson. 

44 Tautomerism of amidines. Part V. Methylation of glyoxalines 
by diazomethane. Bromination of 4(or 5 ) -phenylgly oxaline . 5 ? 
By W. G. Forsyth and F. L. Pyman. 

44 The mass of the hydrogen atom computed.” By E. F. Morris. 

44 The reduction of aromatic nitro-compounds.” By R. W. West. 

44 A redetermination of the atomic weight of boron.” By H. V. A, 
Briscoe and P. L. Robinson. 

“The interaction of nitrogen sulphide and sulphur. Nitrogen 
persulphide.” By F. L. Usher. 

44 The composition of the liquid and vapour phases in mixtures of 
glycerol and water.” By M. P. I. V. Iyer and F. L. Usher. 

44 Note on some metallic couples decomposing water at the ordinary 
temperature.” By E. S. Hedges and J. E. Myers. 

44 Styrylbenzopyrylium salts. Part IV. y-Styryl derivatives of 
5 : 7-dihydroxy- and 5 : 7-dimethoxy-2-phenyl-4-methylbenzo- 
pyrylium chloride.” By G. H. Walker and I. M. Heilbron. 

44 Styrylbenzopyrylium salts. Part V, Distyryl derivatives of 
7-hydroxy-2 : 4-dimethylbenzopyrylium chloride.” By I, M. 
Heilbron, G. H. Walker, and J. S. Buck. 

44 Interactions of tellurium tetrachloride and acetic anhydride.” 
By G. T. Morgan and H. D. K. Drew. 

44 Quantitative reduction by hydriodie acid of halogenated malonyl 
derivatives. Part IV. The influence of substitution in the 
amide group on the reactivity of the halogen atom in bromo- 
malonamide.” By R. W, West. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, FEBRUARY 
19th, 1925. 

N.B. — The names of those who sign from 44 General Knowledge ” 
are printed in italics. 

Ashley, Julius Nicholson, 37, Scarsdale Road, Victoria Park, Manchester. 
British. Chemical Research student at the Victoria University of Manchester. 
B.Sc. Hons. (Birm.) 1923. A.I.C. 1923. (Signed by) Arthur Lapworth, 
R. Robinson, Frederick Challenger. 



Bartram, George Alfred, 19, Valley Rd., Spital, Chesterfield. British. 
Teacher of Chemistry, Student at University College, Nottingham, 1914-15, 
1919 and 1920. B.Sc. (London Pass), 1920; B.Sc. (Lond., 2nd Class Hons, 
Chem.), 1922, Elected A.I.C, 1923. Teacher of Chemistry 1920 to present 
time. In charge of Chem. Advanced Course recognised by Board of Educa- 
tion 1922 to present time. (Signed by) F. Stanley Kipping, E. B. R. Prideaux, 
J. B. Firth, A. R. Blackburn. 

Beeby, George Harry, 92, Ashby Ed., Loughborough. English. 
Chemistry Research Student. Training received at Loughborough College, 
under A. Bramley, Esq., B.Sc., F.I.C., etc. Hold degree of B.Sc, London. 
2nd Hons. Chemistry, A.I.C. Diploma of Loughborough College (Hons.). 
Engaged on Metallurgical Research. (Signed by) Arthur Bramley, George 
Lawton, T. L. Gamer, A. T, Eggington. 

Bishop, Arthur Henry Burdick, Westminster Training College, 130, 
Horseferry Rd., Westminster, S.W. 1, British. Assistant Lecturer in 
Chemistry. Research for one year at Jesus College, Oxford, on ** Adsorption 
of Cases by Class Wool.” At present engaged in research on 4 4 Optical 
Rotatory Dispersion.” ( Signed by) P. C. Austin, E. E. Walker, Gerald 
Bruce. 

Bloomer, Vincent, B.Sc., 33, Balfour St., Oldham. British, Student. 
Have completed 3 years’ Honours Chemistry Course at Victoria University, 
Manchester; am now doing one year’s research course for the degree of 
M.Se. (Signed by) Henry Stephen, F. P. Burt, B. H. Bangham. 

Bottomley, Claud McClellan, 43, Manor Road, Blackburn. British. 
Brewer. B.Sc, (Lond.) [Chemistry taken at Final Exam,]. (Signed by) 
W- J. Stansfield, A, Bramley, G. W. F. Holroyd. 

Brown, Frederick Stanley, 44 Rosebank,” Tile Hill Lane, Coventry, 
British. Research Student (in receipt of a Scientific and Industrial Research 
Grant). Two years’ works experience. Academic training at University 
College of Wales, Aberystwyth, from 1919 up to present time. 1st Hons. 

B. Sc. (Wales). A.I.C. Over two years’ research experience. J.G.S. 1923, 
Vol. 123, 2430. J.C.S. 1924, Vol, 125, 2219. (Signed by) T. Campbell James, 

C. R. Bury, Albert Green. 

Chorley, Percy, 87, Hazelbottom Rd., Crumpsall, Manchester. British, 
Chemist. M.Sc. (Viet.). Beyer Fellow, Victoria University, Manchester, 
1914. Published, with Professor A. Lapworth, a paper on “ A new series 
of nitrogenous compounds derived from camphoroxalic acid ” (Trans* , 1020* 
728), Chemist, on the staff of British Dyestuffs Corporation, Ltd. (Signed 
by) E. H. Rodd, R. Brightman, H. Swann, Carlton Butler, Morvan Lapworth. 

Coombs, Herbert Isaac, Trinity College, Cambridge. British. Student. 
Bachelor of Science, First-class Bachelor of Arts of Oxford; Research work 
under Professor Perkin, F.R.S,, and Professor Hopkins, F.R.S. (Signed by) 
W. H. Perkin, H, Raymond Ing, R. H. Griffith, N. V. Sidgwick. 

Corbet, Alexander Steven, “Abbey Stone House,” Sidmouth St-., 
Reading. British. Chemist. B.Sc., Ph.B. (London University). A.I.C. 
Papers published with Professor H. Bassett : 44 The Hydrolysis of Potassium 
Ferricyanide and Potassium Cobalticyanide by Sulphuric Acid,” J.C.S., 
June 1924. 44 A Phase-rule Study of the Cupro-, Argent o-, Auro-, and 

Thallo -cyanides of Potassium,” August, 1924. (Signed by) H, Bassett, 
J. W. Hodgson, D. Roy Maxted. 

Crowe, B^ughton, 44 Be ttwsville,” - Cherry Valley Park, Belfast 

{N- Ireland). British. Assistant in Chemistry (Q.U.B.). Research in 
Chemistry, Queers University, Belfast. 1922-23, subject, 44 Effect of Light 
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on Brominations.” 1023-24, University College, London, “ Pyridones.” 
(Signed by) A. W. Stewart, J. K. Marsh, H. Graham. 

Davidson, Alfred, 91, Hazelbottom Rd., Cheetham, Manchester. British. 
Research Chemist, British Dyestuffs Corporation. B.Sc, (Glasgow) with 
distinction in Chemistry. T. S. Patterson and A. Davidson, J.C.S . (1012), 
101 , 374. (Signed by) E. J. Amies, C. Hollins, S. 0. Bate. 

Davis, Ernest James, 45, McClure Street, Ormeau Road, Belfast. 
British, Chief Assistant Chemist, Messrs. Harland and Wolff, Belfast. 
Ten years Industrial Chemist with Messrs. J. Stone & Co., Deptford ; Martin’s 
Heat Treating and Testing Works, Coventry; Harland and Wolff, Ltd., 
Belfast. (Signed by) Henry Wren, Theophilus Harper, James W. Porter. 

Duffin, Walter Mark, 35, Binfield Road, S.W. 4. English. Research 
Student, AIR.C.S. B.Sc., London. Engaged in Research, (Signed by) 
H. B. Baker, G. A. R. Kon, Arnold Stevenson, M, A. Whiteley. 

Durrant, Arthur Hynard, 47, Cassiobury Rd., London, E. 17. British. 
Bacteriologist and Demonstrator in Chemistry, Guy’s Hospital and The 
Technical Institute, E. 17. Inventor of a Constant Cell, see Junior Mechanic , 
May, 1921. (Signed by) W. H. Collier, H. L. Long, E. C, Edgar. 

Eaton, Frederick John, Ph.D. (Edin.), B.Sc. (Edin.), A.I.C., Chemical 
Laboratory, Gas Light and Coke Coy., Horseferry Rd., Westminster. British. 
Research Chemist, Gas Light and Coke Coy. Formerly part time Assistant 
Dept, of Medical Chemistry, Univ. of Edinburgh, and Research Student under 
Prof. Barger, F.R.S., Univ. of Edinburgh. Paper on “ Blue Adsorption 
Compounds of Iodine,” accepted 9th Sept., 1924. (Signed by) George Barger, 
Ellen Field, John E. Mackenzie. 

Edwards, George Alfred, 21, Crystal Palace Rd., London, S.E. 22. 
British. Demonstrator in Chemistry, King’s College, London University. 
B.A. Oxon., First Class Honours in Chemistry. B.Sc. Oxon. Demonstrator 
in Chemistry at King’s College, London University. Joint author of ** Amino- 
derivatives of Tetrahydrocarbazole.” (Signed by) Samuel Smiles, A. J, 
Allmand, E. W. McClelland, Frank W. Stoyle. 

EmelLus, Harry Julius, Battle, Sussex. British. Student. Research 
Student at Imperial College of Science and Technology. Graduate of London 
University. Chemistry (1st Class Hons.). A.R.C.S. (1st Class Chemistry). 
(Signed by) H. B. Baker, M, A. Whiteley, M. Carlton. 

Bsdaile, Ralph Margrave, the Lytlo Coal Co., Ltd., Minerville, Pa., 
U.S.A. British. Chemist to the Lytle Coal Co., Ltd., Minerville, Pa., 
U.S.A. Trained at Finsbury Technical College, 1919-1923. Desires to, 
receive the publications of the Chemical Society. Awarded Diploma, July, 
1922, A.C.G.F.C. (Signed by) A. J. Hale, H. M. Atkinson, R. J. Seal. 

Flack, Edward Hugh St. Clair, 9, Bridge Street, Cambridge, British 
bom subject. Research Student in Organic Chemistry, Univ* of Cambridge. 
M.Sc. (Univ. of S. Africa), (Signed by) W. J. Pope, W. H. Mills, R. C. Odams, 
Footner, Henry Bell, Great Dean, nr, Christchurch, Hants. British. 
Chemist. B.Sc. (Lond,), 1st Hons. Chemistry. 1922-1924, Research work 
on reactions of Alkyl Thiosulphates and Allied Compounds — publication 
pending. (Signed by) Samuel Smiles, C. Montague Bere, Hubert Painter, 
Geoghegan, Desmond, 13, Port View, Heavitree, Exeter. British. 
Analytical Chemist, Three years pupil-assistant to T. Tickle, Esq., Devon 
County Analyst; two and a half years’ experience in Practical Organic 
Chemistry and General Chemical Analysis at University College, Exeter, 
under Prof. W. H. Lewis. Educated at Sherborne School, Dorset, and at 
Douai School, Berks. Desire Fellowship, to have use of the Library, and 
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to keep in touch with modem research through the publications of the 
Society. ( Signed by) Thomas Tickle, S. Glasstone, F. Southerden, R. King, 
W. H. Lewis. 

Gibby, Clifton W il lia m , “The Rise,” Foxley Lane, Purley, Surrey. 
British. Research Worker in Chemistry. Three years’ study of Chemistry 
at University College, London, including a year’s research with Professor 
Irvine Masson. Honours B.Sc. in Chemistry. A.I.C. by Exam. Now 
appointed Research Assistant to Mr. A. C. Egerton, at the Clarendon Labor- 
atory, Oxford. (Signed by) F. G. Donnan, Henry Terrey, L. F. Gilbert. 

Gibson, Reginald Oswald, 41, Peak Hill, Sydenham, S.E. 26. British. 
Research Chemist. Bachelor of Science (London), 1924. Associate of the 
Institute of Chemistry, 1924. ( Signed by) F. G. Donnan, W. E. Gamer, 

O. L. Brady, I. E. Weber, V. W. Slater. 

Gimingham, Conrad Theodore (F.I.C.), Haddon House, Aarenbury Lane, 
Harpenden, Herts. British. Research Chemist, Insecticides and Fungicides 
Dept., Rothamsted Experimental Station, Harpenden, Herts. Research 
and Advisory Work in Agric. Chemistry at University of Bristol, 1909-1919. 
Research Work, Chemical Warfare Dept., 1916-1919. Chemist, Research 
Dept., Olympia Agric. Co., 1920-1923. Since then at Rothamsted Experi- 
mental Station. Various papers on Agric. Chem. subjects in Jour. Agric. 
Set., Ann . App. Biol., etc. (Signed by) E. J. Russell, H. J. Page, H. W. 
Dudley. 

Goodspeed, Jonathan, 36, Vicarage Lane, East Ham, E. 6. Student. 
Chemistry Student at East London College. (Signed by) J. R. Partington, 
E. E. Turner, B. D. Shaw. 

Greenhalgh, Richard, 139, Stuart Street, Clayton, Manchester. British. 
Research Work at Manchester University for M.Sc. Degree. Degree of 
B.Se. in Chemistry Honours at Manchester University, Class II, Division I. 
(Sighed by) Arthur Lapworth, Henry Stephen, Frederick Challenger, Fred 
Fairbrother, Colin Campbell. 

Griffith, Robert Owen, Muspratt Laboratory of Physical Chemistry, 
Liverpool University. British. Lecturer in Physical Chemistry, Liverpool 
University. B.Sc., 1st Class Hon&. Chem. (Liverpool), 1914; M.Sc., 1915; 

A. I.C., 1915-1918. Chemist under D.I.H.E., Liverpool. 1919, Lecturer in 
Physical Chemistry, Liverpool University. Publications : “ Einstein’s Law 
of the Photochemical Equivalent,” Appendix VII. Lewis’s “ System of 
Physical Chemistry,” Vol. 3, 3rd edition. Sections “ Chemical Equilibrium ” 
and “Reaction Velocity ” in “Tables Annuelles de Constant er,” Vol. 5 
(in print). Papers in J.C.S. : (1) 1916, 109, 67 ; (2) 1917, 111, 389 ; (3) 1921, 
119, 1948; (4) 1923, 123, 2752; (5) 1923, 123, 2767. Also Trans. Faraday 
Soc., 1921, 17, 525. (Signed by) W. C. M. Lewis, F. C. Guthrie, E. C. C. 
Baly, I. M. Heilbron. 

Hailwood, Anthony James, Hazel Bank, Hazel Road, Altrincham. 
British. Research Chemist in the British Dyestuffs Corporation, Ltd., 
Manchester. Formerly on the manufacturing staff of the same Corporation. 

B. Sc. with 1st Class Honours in Physics (Manchester University). Signed 
by) W. H. Perkin, G. R. Clemo, S. C. Bate. 

Hjsoocks, Edward Stanley, 5, Rosehill, Swansea. British. Research 
Student, Chemistry Dept., University College, Swansea. Part-time Lecturer 
in Chemistry |b the Municipal Technical College, Swansea. Hons. Graduate 
(Wate) Part-time Lecturer in Physical and Inorganic 

MCteipal Technical College, Swansea. (Signed by) J, E. 
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Hodgson, Herbert Henry, M.A. (Cambridge), B.Sc. (London), Ph.D. 
(Heidelberg), F.I.C., 136, Paley Road, Bradford. British., Head of Colour 
Chemistry Dept., Technical College, Huddersfield, since Sept. 1918. Previous 
posts, 1908-1912, Lecturer and Research Chemist, Technical College, Brad- 
ford; 1912-1915, Head of Chemical Dept., Northern Polytechnic institute, 
London, N. ; 1915-1918, Chief Chemist to Messrs. Brotherton & Co. at 
Birmingham and Stourton (Leeds). Papers ; (1) “ Dissertation,” Heidel- 
berg, 1908; (2) “ Some Reactions of Phenyl Iodide, Chloride, and Iodoso- 
behzene Acetate,” Proc. Carrib . Phil. Soc., 1908; (3) “ Isomere organisehe 
Magnesiumverbindungen ” (with J. Schmidlin), Ber., 41 , 430-437 ; (4) “ Tri- 
phenylessigsaure und Tritolylessigsaure ” (with J. Schmidlin), Ber., 41 , 438- 
447 ; (5) “ The Iodination of Phenols, etc.” (with W. M. Gardner), J.G.S., 
1909, 95 , 1819-1827; (6) “ The Development of Sulphuric Acid from Sulphide 
Dyestuffs and from Free Sulphur ” (with W. M. Gardner), J . Soc. Chem . 
Ind 1910; (7) “ The Action of Sulphur on Amines. Part I. o-Toluidine,” 
1912, 101 , 1693-1701; (8) “The Action of Sulphur on Amines. 
Part II. Aniline,” 1914, 105 , 952-956; (9) “ Nitrosation of Phenols. 

Part I. 3-Chloro-4-nitrosophenol and its Conversion into Two Isomeric 
Chloroquinone Monoximes ” (with F. H. Moore), J.C.S., 1923, 193 , 2499- 
2507; (10) “The Preparation of 2- and 4-Nitro-l-naphthols ” (with E. 
Kilner), J.C.S., 1924, 125 , 808-811; (11) “Direct Sulphuration of Aniline,” 
J.G.S., 1924, 125 , 1855-1858; (12) “Mononitration of p-Chlorotoluene ” 
(with P. Anderson), J.C.S . , Oct. Notes, 1924; 4 papers now before the 
Publication Committee. Patents : Some New Sulphur Compounds and Dye- 
stuffs therefrom, 1912; Preparation of Meta Halogenated Phenols, Brit. 
Pat. 200714; Preparation of Dihalogenated Fluoranes, Brit. Pat. 205254; 
Preparation of Tautomers of Nitroso-m-halogenated Phenols, Brit. Pat, 
206734; 2 now filing on m-Hydroxybenzaldehyde and Azo Dyestuffs from 
Alkyl Thiol Amines. (Signed by) James Bruce, L. Gordon Paul, R. W. 
Merriman. 

Hughes, David, 18, Holmes Grove, Westbury on Trym, Bristol. British. 
Chemist. At present on the Staff of British Colloids, Ltd. Passed Qualifying 
Examination of the Pharmaceutical Society, 1894. Engaged for 10 years 
in Chemical and Clinical Laboratory Work on my own account in Bath and 
Clifton. Studied Bacteriology under Prof. Stanley Kent, Bristol 'University. 
Co-operated with Dr. A. L. Flemming, Bristol, in a monograph on the Spectro- 
scopic Examination of Blood in Ethyl Chloride Anaesthesia. Desirous of 
keeping up to date in developments of Chemical Science and to be allowed 
the privilege of the Library. (Signed by) John Mac vie Hill, Archibald Mac* 
pherson, John F. Ward, Geo. A. Turner. 

Hughes, Kathleen Harriet, 8, Ormiston Drive, Knock, Belfast. 
British. Lecturer in Pure and Applied Chemistry, Municipal College of 
Technology, Belfast. Lecturer in Chemistry, M.C.T.B., 1920-1924. Tem- 
porary Assistant Chemist, Government Laboratory, Strand, 1917-1920. 
(j Signed by) Henry Wren, Theophilus Harper, James W. Porter. 

Hunt, Arthur Frederick:, 6, Seabrooke Cottages, Front Lane, Cranham 
(nr. Upminster), Essex. Chemical Research Student. B.Sc. (Lond.), Is fa 
Class Hons. Research Student at East London College under Dr. E. E. 
Turner. (Signed by) J. R. Partington, Elwyn Roberts, D. C. Jones, E. E. Turner. 

Ingham, Bertram Hobart, Yew Bank, Langham Rd., Bowdon, Cheshire, 
British. Research Student. B.Sc. Hons., Victoria University, Manchester 
( Signed by) Arthur Lapworih, F. P. Burt, J. E. Myers, Henry Stephen, 
R. Robinson. 
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Johnson, John Dobney, 6, Edward St., Loughborough, Leies. British, 
Research Student. B.Sc. Hons., London. Royal Scholar. Research 
Student. {Signed by) Jocelyn Thorpe, M. A. Whiteley, G, A. R. Kon, 
Arnold Stevenson. 

Johnson, Welford Jordayne, “ Devanha,” South Rd„ Brighton Beach, 
Victoria. Licensed Gold Assayer and Chemical Analyst. Associate, 
Australian Chemical Institute. 1913—1922 (except for War Service), 
Assistant to Mr. Henry W. Levy, Assayer and Metallurgical Chemist, Mel* 
bourne, Australia. September 1922 to date, in partnership with Mr. Henry 
W. Levy, in private practice as Assayers and Metallurgical Chemists. {Signed 
by) D. O. Shiels, Henry W. Levy, Robert Law. 

Jones, Cecil Brellisford Oakes, Old Sewage Works, Whitley, Coventry, 
British. Analytical Chemist to the Coventry City Council. Four years 
assistant to W. D. Scouller, Esq., M.Sc., A.I.C., F.C.S, Ten years chief 
assistant to John Haworth, Esq., F.I.C., F.C.S. Author of “ Sewage Works 
Analyses” ( Surveyor , April 25th, 1924). {Signed by) John Haworth, W. B. 
Scouller, James H. Kershaw. 

Jones, William Wenallt, 19, White Hart Lane, Wood Green, 1ST. 22. - 
British, Assist. Chemist, The British Drug Houses, Ltd., Graham St., City 
Road, H. 1. B.Sc. Wales, June 1922; 2nd Class Honours Chemistry. M.Se. 
Wales, June 1924. One session’s Research Experience at the University 
College of Horth Wales, Bangor. {Signed by) Francis H. Carr, Charles Alex. 
Hill, S. .Sugden. 

Kennedy, Alan Richmond, 88, Sellons Avenue, Harlesden, N.W, 10. 
British. Assistant Chemist (Thomas de la Rue & Co., 110, Bunhill Row, 
E.C.). Undergraduate (University of London) in Faculty of Science (gradua- 
tion, 1925). Employed in commercial Laboratory (founded by Br. Hugo 
Mbller). Desirous of receiving Society’s literature concerning particularly 
modem researches in Organic Chemistry. {Signed by) Hubert L. Lucking, 
P. C. L. Thome, E. de Barry Barnett, Henry J. S. Sand. 

Kenyon, Frank, Power Station, Creekmouth, Barking, Essex. British. 
Chemist to the Hew Electrical Station, Barking, County of London Electric 
Supply Co., Ltd. Associate of the Institute of Chemistry, Branch B. 
{Signed by) J. Kenyon, J. L. White, Harold Hunter. 

King, Frederick Ernest, 101, Cavendish Road, Highams Park, Essex. 
British. Student (Research at East London College). {Signed by) J. R. 
Partington, E. E. Turner, B. C. Jones. 

Knott, Eric, 21, West Richmond St*, Edinburgh. British. Lecturer 
in Chemistry and Physics at the Royal Bispensary and School of Pharmacy 
of Edinburgh. Student of the Royal Bispensary and School of Pharmacy 
of Edinburgh, 1919-21, from which place I obtained the Qualifying Cer- 
tificate of the Pharmaceutical Society and also the Biploma of Pharma- 
ceutical Chemist. For past three years engaged as Lecturer at above 
School in Chemistry and Physics. {Signed by) Russell G. Thin, A. Scott 
Bodd, William Duncan. 

Kracovski, Jacob, 11, Ernest St., London, E. 1. English. Research 
Student. B.Sc., 1st Class Hons, in Chemistry. At present engaged in 
research. {Signed by) Jocelyn Thorpe, G. A. R. Kon, M. A. Whiteley, E. H. 
■■Farmer* . 

Lambotjrne, Herbert, 44, Brighton Road, S. Croydon, Surrey. British. 
Bead of the C^^^stry Dept., Borough Polytechnic Institute, Borough Road, 
SJE. II . Lecturer in Organic Chemistry, University College, 

\ Hotfcinghaam ■'work on w Quinaldine and ’Derivatives,” “ Methyl- 
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stannonic Acid and Derivatives. 55 At. A. (Cantab.}, M.Sc, (Lond.), F.I.C. 
(i Signed by) F. S. Kipping, J. B. Firth, E. B. R. Prideaux, F. C. Laxton. 

Daws, John Joseph, 45, Fulham Rd., South Kensington, English. 
Chemist, Dentist, and Optician. Holding the Qualifying Certificate of the 
Pharmaceutical Society of G.B. (Bond.). Hon. Treasurer of the Chemists’ 
Dental Society of Great Britain and Ireland (Reg. Ho. 15073). Hon. Gen. 
Secretary of the Institute of Chemists and Opticians. Examiner in 
Refraction to the Institute of Chemists and Opticians. Member of the 
Public Dental! Services. At one time principal of the West End College of 
Chemistry and Pharmacy. Private tutor of Chemistry for many years. 
( Signed by) Percy Barrs, Robert W. Lindsey, James Harry Smith, Frank B. 
Arnold. 

Le Fevre, Raymond James Wood, 17, Broadway Avenue, St. Margarets, 
Twickenham, Mdx. British. University Undergraduate. Chemistry 
Student, East London College (2nd year of final). {Signed by) J. R. Parting- 
ton, E. E. Turner, B. D. Shaw. 

Leiper, Alexander John Simpson, 74, Whitworth Road, South Norwood, 
London, S.E. 25. Scottish. Chemist. I wish to join the Chemical Society- 
in order to keep in touch with up-to-date research and proceedings. I am 
an Associate of the Royal College of Science in Chemistry. {Signed by) 
M. A. Whiteley, Jocelyn Thorpe, James C. Philip. 

Lennane, Alfred James Andrew, 22, Ryder St., St. James’s, S.W.I. 
British. Physician and Surgeon. Formerly Opium Analyst to the Indian 
Government. M.R.C.S., L.R.C.P. {Signed by) Frank Radcliffe, Thos. R. 
Owles, Samuel Gray Fenton. 

Liley, Frederick William, 41, Beaeonsfield Rd., West Croydon. British. 
Assistant, Croydon Borough Analyst. Student at King’s College, London. 
2 Years assistant to Croydon Borough Analyst. {Signed by) Lester Reed, 
Eric K. Rideal, Ed. Hinks, 

Lont, James Gilbert, 17, York Avenue, Sefton Park, Liverpool. British. 
B.Sc. of Liverpool. Chemical Analysis, c/o Anglo-South American Meat Co., 
San Martin 235, Buenos Aires, Argentina. {Signed by) I. M. Heilbron, 
William Doran, Stanley J. C. Snedker. 

McVicker, William Hamilton, 45, Wellington Park, Belfast. British. 
Chemical Research Student. B.Sc. (1st Class Honours), and M.Sc., Queen’s 
University of Belfast. Musgrave Research Student, Queen’s University of 
Belfast, 1923-25. Joint author of 7 papers as follows : J.C.S . , 123, 642, 817, 
820, 2147; 125, 1743; J. Amer. G, S XL VI, 1351; Phil Mag., XLVHI, 
628. {Signed by) A. Killen Macbeth, Ernest W. McClelland, A. W. Stewart, 
J. K. Marsh, H. Graham. 

Mann, Thomas, Alexander Terrace, Bransty, Whitehaven. British. 
Partner in firm of Hellon and Mann, Analytical and Consulting Chemists, 
Whitehaven. { Signed by) G. W. Martin, C. A. Mitchell, Bernard Dyer. 

MascarenHas, Vincent Mark, Bangalore. Indian Christian. Student, 
Indian Institute of Science, Bangalore. Bachelor of Arts of the University 
of Mysore with Chemistry as a main subject. Completed the work on the 
Chemistry of Indian Black Mustard Seed Oil, and that of Malabar Tallow 
(Vateria Indica ) awaiting publication in the Journal of the Indian Institute 
of Science, {Signed by) J. J. Sudborough, M. 0. Forster, Roland V. 
Norris. 

Miles, Frank DotTQLAS, Caldwell Road, West Kilbride, Ayrshire. English. 
Research Chemist. Asst. Lecturer in Inorganic Chemistry, Heriot-Watt 
College, Edinburgh, 1909-1915. Service in Dept, of Explosives Supply, 
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1915-1919. Senior Research Chemist, H.M. Factory, Gretna. Chief 
Research Chemist, Messrs. Burt, Boulton, and Haywood, 1919-1922. At 
present a member of the Research Section of Nobel Industries, Ltd. Pub- 
lications : “Egyptian Blue,” with H. P. Laurie and W. F. P. McLintock, 
Proc. Roy. Soc 1914. Also papers in Proc . Roy . Soc . Pdin. (two, 1915), 
and in Joum. Soc . Chem. Jnd ., 1920 and 1922. “ A Volumetric Method for 
the Estimation of Lead,” J.C.S., 1915, 107, 988; “The Solubility of 
Sulphur Dioxide in Sulphuric Acids” (with J. Fenton), J.C.S., 1920, 
117, 59. Also author of forthcoming volume of Luiige’s “ Sulphuric Acid 
and Alkali ” entitled, “ Sulphuric Acid — Contact Process.” {Signed by) John 
Weir, Norman Picton, W. Young. 

Nightingale, Ed ward Arthur, 39, Pacific Rd., Fords Park Rd., Canning 
Town, E. 16. British. Commercial Analytical Chemist, Messrs. Burt, 
Boulton, and Heywood, Ltd., Coal Tar and Creosote Works, Silvertown, 
1918-1920. Messrs. Pinchin, Johnson & Co., Paint and Varnish Manu- 
facturers, Silvertown, 1920. Student at Borough Polytechnic for Paints, 
Oils, and Colours. Student at East Ham Technical College, Chemistry, 
6 years’ course. City and Guilds of London Institute, Coal Tar, 1st Class 
certificate. (Signed by) R. W. Griffiths, W. H. Barker, W. T. Clough. 

Offord, Frederick William, 66, Watford Road, Canning Town, London, 

E. 16. English. Analytical Chemist. National Certificate in Chemistry, 
“Higher” or “ Advanced,” 1923. Worked under J. Bendix, F.I.C., F.C.S. 
(1915-1920). (Signed by) E. W. Griffiths, E. G. Churchill, W. H. Barker. 

. Outridge, Lionel Edward, “ Fernhursfc,” The Avenue, Chingford, Essex. 
British. Research Student. B.Sc. (London), Honours Chemistry. Re- 
search student at East London College under Dr. D. C. Jones. [Signed by) 
J. R. Partington, Elwyn Roberts, D. C. Jones, E. E. Turner. 

Parker, Thomas Webster, Mildenhall, Suffolk. British. Chemist. 
Student at the Royal College of Science (London), 1919-23. A.R.C.S., 1921. 
Chemist to the Dartmoor China Clay Co. (Signed by) James C. Philip, 
M. B. Donald, A. B. P. Page. 

Parker, William Bayley, F.I.C., 3, Murray Road, Rugby, Warwick- 
shire. Chief Chemist (Research and Works), The British Thomson- 
Houston Co., Ltd., Rugby. Chief Chemist to B.T.H. from April 1902, and 
Author of “ Specifications for Foundry Pig Irons,” Pt. I and XL, Proceedings 
British Foundrymens’ Association, 1912-13 and 1906; “ Specifications for 
Alloys for High Speed Superheated Steam Turbine Blading,” Jnl. Inst, of 
Metals, No. 2, 1915; “Purchasing Specifications for Resins and Shellac,” 
Jnl. Oil and Colour Chemists’ Association, Vol. V, 1922 ; “ Variation of 
Refractive Index and Density of Benzene with Temperature,” W. B. Parker 
and G. Thompson, Tram . Chem. Soc., 1922, Vol. 121. (Signed by) Percy 

F. Frankland, S. Judd Lewis, Gartha Thompson. 

Parsons, Stuart Russell, 65, Oakfield Road, Ilford. Research Student 
(Chemistry). B.Sc. (Lond.), Honours Chemistry, A.I.C. Research student 
at East London College, under Dr. E. E. Turner. (Signed by) J. R. Parting- 
ton,, Elwyn Roberts, D. C. Jones, E. E. Turner. 

Payne, W illiam Samuel, Moseley House, Rounds Green, Oldbury. 
English. Chemist. 5 years Laboratory Steward, Oldbury Secondary 
Schools, i years Laboratory Steward, Oldbury Technical Schools. 2 years 
Xtemonstr&ter and Assistant Chemistry Master, Oldbury Technical Schools. 

. TLE.L Corticate m Advanced Inorganic and Physical Chemistry, 1924. 

C. Mansfield -Swain, E. Pritchett. 

; IttKwm John, 105, Winterbourne Road, Thornton Heath. 
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British. Two years Assistant to the Croydon Borough Analyst. (Signed by) 
Lester Reed, Ed, Hinks, Henry P. Stevens. 

Pike, Richard Edwin, 6, Haymarket, London, S.W. 1. British. 
Student. Pass B.Sc. (Lond.). Studying for Honours at Royal College 
of Science since October, 1923. (Signed by) H. B. Baker, H. F. Harwood, 
M. A. Whiteley, James C. Philip. 

Plumbridge, Douglas Victor, 21, Heathfield Rd., Wavertree, Liverpool. 
British. Research Chemist. Ph.D. (Munich). A.R.C.Sc. (London). A.I.C. 
On the staff of the Chemical Dept., Messrs. The Salt Union, Ltd., Western 
Point, Cheshire. (Signed by) A. Bramley, Norman M. Comber, James C. 
Philip. 

Preston, John Massey, The Dower House, Euxton, Chorley, Lancs. 
British. Private Research in Chemistry. B.Sc., 2nd Class Hons. Chem, 
(Lxv.). A.I.C. (Signed by) E. C. C. Baly, H. Rogerson, F. C. Guthrie. 

Raper, Richard, 12, Mill Lane, Cambridge. British. Research Student. 
1st Class Honours in Nat. Sci. Tripos, Parts I and II (Chemistry) of Cam- 
bridge University. Two years’ research work under Dr. Mills, F.R.S., and 
two years’ experience as Demonstrator in Cambridge University Chemical 
Laboratory. (Signed by) W. J. Pope, W. H. Mills, H. R. Stevens. 

Rule, John Frederick James, 29, Alexandra Road, East Ham, E. 6. 
Research Student. Have passed the B.Sc. Hons, examination in Chemistry 
of London University, and I am undertaking Research Work under Professor 
Partington. (Signed by) J. R. Partington, W. H. Patterson, E. E. Turner. 

Scorah, Leslie Vivian Donald, 139, Dodworth Road, Barnsley (Yorks). 
British. Research Student. B.Sc. (Hons. Chem.) Sheffield. A.I.C. (Signed 
by) W. P. Wynne, G. M. Bennett, F. G. Trykom, Arthur W. Chapman. 

Sheppard, George Frederick, 72, Mortlake Rd., Kew Gardens, Surrey. 
British. Chemist, Cl. II. Department of Government Chemist. Position 
as above. Student, Royal College of Science, London, 1900-2, passed 
examinations of the Associateship Course in Chemistry for Revenue Students. 
Past experience : Analytical work in above Department since November, 
1902. ( Signed by) Thos. J. Cheater, W. Williamson, Robert Robertson, 

Geo. Stubbs. 

Sheylin, Joseph Thomas, “ Corwen,” Frederick Road, Wylde Green, 
Birmingham. British. Patent Agent. Associate of the Chartered Institute 
of Patent Agents. Associate of the Institute of Physics. Associate of the 
Institution of Electrical Engineers. Fellow Physical Society of London. I 
am desirous of becoming a Fellow of the Society in order that I may be 
Well versed in the more recent developments in Chemistry. (Signed by) 
G. G. Henderson, F. J. Wilson, E. W, Moss. 

Smthurst, Arthur Frederick, Nippon, Cedar Road, Sutton, Surrey. 
British. Undergraduate. Student in Chemistry at the Royal College of 
Science since October, 1922. (Signed by) H. B. Baker, H. F. Harwood, 
M. A. Whiteley, James C. Philip. 

Smewing, Ethel Minnie, 42, Park Avenue South, Crouch End, N. 8. 
British. Teacher. B.Sc. Hons. Chem. (Lond.). Teacher of Chemistry. 
(Signed by) J. F. Spencer, M, S. Crewdson, BC. Crompton. 

Smith, Alton Ewart Clarence, Breydon, Oakmount Avenue, Southamp- 
ton. British. Lecturer in Physical Chemistry, University College of 
Southampton. Lecturer as above since 1919. (Signed by) D. R. Bovd. 
C. K. Ingold, C. F. Cross. 

Snblus, Suzanne Mabel Lavinia, 67, Elgin Mansions, W. 9. British. 
Analytical and Consulting Chemist. Member of the Pharmaceutical Society 
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Associate of the Institute of Chemistry*. Senior Analyst to Messrs. Parke 
Davis & Co. Chemist in Charge to Messrs. J. C. Amfield &> Sons. Assistant 
Research worker. Dr. F. W. Passmore. (Signed by) P. C. L. Thome, E. de 
Barry Barnett, Henry J. S. Sand . 

Spiers, Claude Hyman, 34, Brondesbury Road, N.W.6. British. 
Research Chemist. M.A. (Cambridge). B.Sc. (London). Ph.D. (Cam- 
bridge). T., 1924, 125, 450. (Signed by) Jocelyn Thorpe, Arnold Stevenson; 
6. A. R. Kon, H. M. Spiers. 

Stern, Harold Jacob, 17, Croxteth Grove, Sefton Park, Liverpool. 
British. Chemist to firm of paper stainers. Research on Photosynthesis, 
Liverpool University, 1921-22. Research in Organic Chemistry under 
Prof. W. H. Perkin, Oxford, 1922-24. B.Sc. (Hons. Chem.), Liv., 1921. 
Ph.D., Liv., 1923. B.Sc., Oxon., 1924. Baly, Heilbron, and Stern, 1923, 
123, 185. (Signed by) W. H. Perkin, Fredk. A. Mason, G. R. Clemo, S. G. P. 
Plant, E. Hope, F, Raymond Ing. 

Still, Charles James, 50, Queen’s Parade, Bangor, Co. Down. British. 
Lecturer in Bleaching and Dyeing, Municipal College of Technology, Belfast. 
B.Sc. (Lend.); M.Sc. and Ph.D. (Queen’s Univ., Belfast). Joint author of 
several communications (in collaboration with Dr. Henry Wren) on Diphenyl - 
succinic Acids, published in J. Chem. Soc . (Signed by) Henry Wren, James 
W. Porter, Theophilus Harper. 

Syed, Mohammad Hassan, Rupar (Amballa), India. Indian Muham- 
madan. Demonstrator, Maclagan Engineering College, Lahore, India. 
B.Se. (Chemistry), Punjab University. Desirous of being in touch with the 
recent work in Chemistry. (Signed by) S. D. MuzafJar, S. J. Kohli, Edwin 
Theodore Dean. 

Thomas, Mary Beatrice, Girton College, Cambridge. Lecturer in 
Chemistry and Director of Studies in Natural Sciences. Lecturer in Chemistry, 
Girton College, Cambridge. (Signed by) W. J. Pope, F. G. Hopkins, A. 
Hutchinson. 

Timms, Eric Spencer, 96, Grange Park Rd., Thornton Heath. Research 
Student (Chemistry). B.Sc. (London), Honours Chemistry. Research 
Student at East London College under Dr. D, C. Jones. (Signed by) J. R. 
Partington, Elwyn Roberts, D. C. Jones, E. E. Turner. 

Titterington, Eric, Abdine Palace, Cairo, Egypt. British. Private 
Chemist to H.M. the King of Egypt. Member of the Pharmaceutical Society 
of Great Britain. Engaged in the examination of food and all drugs used 
in the household of His Majesty. Attached to the Medical Staff of Eds 
Majesty for Physiological work. Appointed Examiner in Chemistry to the 
Cairo Medical School, 1924. ( Signed by) Ayerst Henham Hooker, W. Morris 

Colies, C. S. Gibson. 

Ttjdhope, Thomas Martin Aitken, 8, Anson Road, Tufnell Park, London, 
N. 7. British. Temporary Assistant Chemist in the Government Labor- 
atory. B.Sc. (St. Andrews), with Special Distinction in Chemistry. Ph.D. 
(St, Andrews). Carnegie Research Scholar for two years (sessions 1921- 
1923). Engaged in Chemical Research at University College, Dundee, for 
three years. “ Optically Active jS-Phthahmino-p-phenylpropiophenones,’* 
M cKenzi e and Tudhope, 1924, 125, 923. (Signed by) Robert 

Robertson, Geo. Stubbs, J. J. Fox. 


Vass, Charles Cyril Norrey, “ Holmleigh,” Harboro’ Rd., Kingsthorpe, 
Northampton. British. Student. B.Sc. Ordinary (Leeds, 1924). (Signed 

W.-'A. Wightman, H. M. Dawson, R. Whytlaw- 
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Village, John Harry, 61, Broxholme Lane, Doncaster. British. 
Chemist. B.Sc. Hons. (Lond.). For 5 years engaged as Assistant Chemist 
by the Hoppers’ Coke Oven Co. under G. E. Foxwell, M.Se., A.Inst.P., 
F.C.S. Here I have assisted in numerous researches on coal and its by- 
products. How in eharge of Laboratory. (Signed by) G. E. Foxwell, P. G. 
Mander, G. D. Crosley. 

Vogel, Israel, 16, Wellclose Square, London, E. 1. Research Student 
in Chemistry at the East London College. B. Sc., 1st Class Honours Chemistry. 
Heil Amott Scholar and Bronze Medallist in Chemistry of the University of 
London. Author of 44 The Constitution of the Thionie Acids,” Chem. News, 
128 , 325-327, 342-345, 361 (1924). (Signed by) J. R. Partington, E. E. 
Turner, D. C. Jones. 

Wilson, John, 115, Canterbury Rd., Horth Harrow. British. Student 
engaged in Biochemical Research, Imperial College of Science and Technology, 
M.Sc. (Sheffield). (Signed by) S. B. Sehryver, Harold Mastin, J. Knaggs. 

Walker, Hellie, 15, Fintry Place, Broughty Ferry, Forfarshire. Lecturer 
in Chemistry, University College, Dundee (University of St. Andrews). 
M.A., B.Sc., Ph.D. (St, Andrews). Conjoint author of the following papers 
in the Journal of the Chemical Society: J.C.S., 1914, 105 , 1131; J.C7.&., 
1915, 107 , 1685; J.C.S., 1922, 121 , 349; J.C'./S., 1923, 123 , 2875. (Signed by) 
Alex. McKenzie, J. C. Irvine, John S. W. Boyle. 

Ward, William Joseph Victor, 41, Marlowe Rd., Cambridge. English. 
Research Student. 1st Class Hatural Sciences Tripos, Part EC, Chemistry 
1924, Cambridge. (Signed by) W. J. Pope, W. G. Palmer, W. H. Mills. 

Whlpp, James Ewart, 15, St. John’s St., LongBight, Manchester. Pharm- 
acist. Student of the Institute of Chemistry. Fellow of the Biochemical 
Society. Fellow of the Royal Microscopical Society. Member of the Society 
of Chemical Industry. (Signed by) Henry Garnett, Harry Brxndle, Ghas. 
Turner. 

Whitehead, Alan Douglas, “ Trevorian,” 90, West Hill, Putney, 
S.W. 15. British. Chemist. Student in Dept, of Chemistry, University 
College, London, Sessions 1921-22, 1922-23, 1923-24. B.Sc. (Lond.), 
Honours in Chemistry. (Signed by) F. G. Donnan, A. Greeves, W. E. Gamer. 

Williams, Leslie Thomas Douglas, 23, Queen’s Gate Gardens, S.W. 7. 
British. Student. Associateship of the Royal College of Science. I am 
how performing research at the above college and am desirous of keeping 
abreast with modem progress in science. (Signed by) G. A R. Kon, M. A 
Whiteley, H. L. Riley. 

Wylde, John Henry, 203, Boleyn Rd., Forest Gate, E. 7. English. 
Asst. Chemist, Laboratory of the Gas Light and Coke Coy, Stratford Station. 
Student at the East Ham Tech. College, Hational Cert, in Chemistry, 
Part-time Course, Higher or Advanced (distinction Inorganic Chemistry). 
City and Guilds of London, Gas Engineering, Ordinary and Honours. 
(Signed by) E. W. Griffiths, W. H. Barker, W. T. Clough. 

Yarsley, Victor Emm a nuel, The View, Highfield, Chasetown, nr. 
Walsall. British. Salter Research Fellow, 1924. B.Sc., 1st Hons., School 
of Chemistry, B’ham. Associate of the Institute of Chemistry. {Signed by) 
G. T. Morgan, H. D. K. Drew, C. E. Wood. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2). * 

Hair, Sadashiv Parashuram, Hair Building, Lamington Road, Bombay. 
Indian (British subject). Pharmaceutical Chemist, i/c* Powell’s Pharma- 
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ceutical and Chemical Laboratory. Ph.G. (Boston). Graduate of the 
Massachusetts College of Pharmacy, Boston, Mass, Member of the American 
Pharmaceutical Association. At present working on finding out the com- 
mercial utility of some of the indigenous plants. My aim in joining the 
Society is to come in contact with the members of the Society and enjoy 
the privileges given by the same. ( Signed by) H. B. Tilden. 

San, Moung Ba, B.A., 3, Stewart Road, Kangoon, Burma. Burmese. 
Assistant to the Chemical Examiner to the Government of Burma and 
Demonstrator in Physics and Chemistry at the Burma Government Medical 
School,, Bangoon. Graduate of Calcutta University (1911-12). Winner of 
Chemistry Prize (term 1911-12) in the then Govt. College, Bangoon, now 
the Bangoon University College. Mo publications yet. 11 years’ analytical 
experience in the Chemical Examiner’s Laboratory, comprising examination 
of Mineral Oils, Drugs, Foodstuffs, Public Water supplies, and also Toxi- 
cological and Medico-legal analysis as well as Analysis of Ores, Minerals, 
and other commodities. (Signed by) Them Eon, William Dallas. 


ADDITIONS TO THE LIBRARY. 

I. Donations . 

Abderhalpen, Emil. [Editor.] Handbueh der biologischen 
Arbeitsmethoden. Abt. III. Physikalisch-ehemische Methoden, 
Toil A, Heft iv. Abt. XI. Methoden zur Erforschung der 
Leistungen des Pflanzenorganismus, Teil 3, Hefte i and ii. Berlin 
1924. ML 9, 9*60, 7*50. (Reed. 23/12/24.) 

Prom the Publishers : Herren Urban & Sehwarzenberg. 
American Ceramic Society. Bibliography of magnesite 
refractories. Columbus 1924. pp. 8 + 41. ( Reference .) 

* Bibliography of silica refractories. Columbus 1924. pp, 125. 

(Reference.) From the Society. 

Annales de Chbge. Yols. II., LXIX., LXXXIL, LXXXIII. 
Paris 1789, 1809, 1812. ( For circulation.) [Incomplete.] 

From Professor C. S. Gibson. 
Birebeck College. Centenary Lectures 1823 — 1923. London 
1924. pp. xiv + 178. (Reed. 5/1/25.) From Dr. G. Senter. 

Brame, John Samuel Strafford. Fuel: solid, liquid and 
gaseous. 3rd edition. London 1924. pp. xvi + 388. ill. 18s. net. 
(Reed. 19/11/24.) 

From the Publishers : Messrs. Edward Arnold & Co. 
Levy, Stanley Isaac. The rare earths: their occurrence, 
phemistry and technology. 2nd edition. London 1924. pp. xvi + 

. v " From the Publishers : Messrs. Edward Arnold & Co. 
Paul. Lehrbucji der Mineralogie. 2nd edition. I, 
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Allgemeine Mineralogie. Berlin 1924. pp. xvi + 713. ill. Gm. 
24. (Reed. 18/12/24.) 

From the Publishers : Gebriider Borntraeger. 

Physical Society of London, 1874 — 1924. Proceedings at the 
Jubilee Celebration Meetings, March 20, 21 and 22, 1924. [London 
1924.] pp. yi + 72. ill. (Reference.) Prom the Fleetway Press. 

Physics in Industry. Lectures delivered before the Institute 
of Physics. Vol. II. By Joseph William Mellor, A. E. Oxley, 
and Cecil Henry Desch. London 1924. pp. 48. ill. 35. net. 
(Reed. 4/12/24.) 

From the Publishers : The Oxford University Press. 

Revue Generate des Colloides et de leurs applications 
industrielles. Year I, etc. Paris 1923 +. (Reference.) 

From the Faraday Society. 

Schotz, Schachna Peisach. Synthetic organic compounds. 
London 1925. pp. 412. ill. 455. net. (Reed. 19/12/24.) 

From the Publishers : Messrs. Ernest Benn. 

Sydney Technical College Chemical Society. Journal and 
Proceedings for 1922. Vol. I. Sydney 1924. pp. 88. ill. (Re- 
ference.) From the Society, 

Thoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftliehen Pharmazie. Vol. II. Part ii. Vol. III. 
Part i. Berlin 1924. pp. 288, 288. ill. Mlc. 20. (Reed, 
29/12/24.) 

From the Publishers : Herren Urban & Schwarzenberg. 

Urbain, Georges, L’energetique des reactions chimiques. 
Le9ons professees a la Sorbonne. Paris [1924]. pp. viii + 268, 
id. 25 fr; (Reed. 24/11/24.) 

From the Publisher : M, Gaston Doin. 

Waals, Johannes Diderib: van der. The continuity of the 
liquid and gaseous states. (From Physical Memoirs, 1890, 1.) 
pp. vi + [164]. (Reed. 18/12/24.) From Sir Richard ThrelfalL 

II. By Purchase. 

Abu 5 l-Qasim Muhammad. Kitab al-Tlm al-muktasab fi 
zira'at adh-dhahab. Book of knowledge acquired concerning the 
cultivation of gold. The Arabic text edited with a translation and 
introduction by Eric John Holmyard Paris 1923. pp. vi + 
62 + 54. (Reed. 25/10/24.) 

Angelt, Angelo, Die Analogien zwisehen dem Verhalten 
einiger Derivate des Benzols und dem der entsprechenden Derivate 
der aliphatischen Reihe. Translated from the Italian by Fritz 
Arndt. (Sammlung, Vol. XXVIII.) Stuttgart 1924. 
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Association of Official Agricultural Chemists. Journal. 
VoL VII., etc. Washington 1923 +. ( Reference .) 

Geerligs, Hendrik Coenraad Prinsen. Cane sugar and its 
manufacture. 2nd edition. London 1924. pp. x + 342. 20a. 
net. (Becd. 13/1/25.) 

Greaves, Richard Henry, and Wrigeton, Harold. Practical 
microscopical metallography. London 1924. pp. x + 125. ill. 
lfe.net. {Becd. 24/11/24.) 

Hanbbuch der Biochemie bes Mensohen und ber Tiere. 
Edited by Carl Ofpenheimer. 2nd edition. Vol. I, etc., Jena 
1923 +. {Becd. 27/11 /24.) 

Heyn, E. Die Theorie der Eisen-Kohlenstoff-Legierungen : 
Studien iiber das Erstarrangs- und Umwandlungssehaubild, nebst 
einem Anhang: — Kaltreeken und Gliihen nach dem Kaltrecken. 
Edited by E. Wetzel. Berlin 1924. pp. viii + 186. ill. Gm. 12. 
(Becd. 4/12/24.) 

Higgins, Sydney Herbert. A history of bleaching. London 
1924. pp. viii +176. ill. 10s. 6d. net. (Becd. 13/1/25.) 

Institution of Automobile Engineers. Report of the Empire 
Motor Fuels Committee : embodying other allied researches. 
London [1924]. pp.xii + 352. ill. lOs.Od. net. (Becd. 24/1 1/24.) 

International Rubber Conference. The Rubber Conference, 
Brussels, 1924 : being the Official Report . , . together “With the 
papers read and the discussions thereon. London 1924. pp. 218. 
ill. 5s. net. (Becd. 25/11/24.) 

Kent- Jones, Douglas William. Modem cereal chemistry. 
Liverpool 1924. pp. x + 324. ill. 2fe.net. (Becd. 24/11/24.) 

Killeffer, D. H. Eminent American chemists : a collection 
of portraits of eminent Americans in the field of chemistry from 
the earliest days of the Republic to the present, together with short 
sketches of the work of each. New York [1924], pp. v + 33 +33 
portraits. (Beference.) 30«s. net. 

Kissling, Richard. Chemische Technologie des Erdols und 
der ihm nahestehenden Naturerzeugnisse : Erdgas, Erdwaehs und 
Erdpech (Asphalt). 2nd edition. Braunschweig 1924. pp. xviii + 
804. ill. Gm. 25. (Becd. 10/12/24.) 

Martin, Louis Claude. Optical measuring instruments : their 
construction, theory, and use. London 1924. pp. x + 270. ill. 
17s. U. net, (Becd. 13/1/25.) 

[Merck, Emil.] Merck’s Reagenzien- V erzeichnis : enthaltend 
die gehr&uchhchen Reagenzien und Reaktionen geordnet nach 
Antca^aaaRm. 5th edition. [Darmstadt] 1924. pp. vi + 656. 

Moos®, Richard B. {and others]. Analytical methods for 
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certain metals including cerium, thorium, molybdenum* tungsten, 
radium, uranium, vanadium, titanium, and zirconium, (Bureau 
of Mines Bulletin, No. 212.) Washington 1923. pp. xviii + 326. 
ill. 3 s. 6d. net. {Reed. 29/12/24.) 

Otto, M. P. L 5 Industrie des parfums d’apres de la chimie 
modeme. Notations et formules. 2nd edition. Paris 1924. pp. 
xliv + 688. ill. 86 Jr. (feed. 5/12/24.) 

Randell, Wilfrid L. Michael Faraday (1791 — 1867). London 
1924. pp. 192. ill. is. 6d . net. (Reed. 24/11/24.) 

Ruska, Julius. Arabische Alchemisten. II. Ga‘far al§adiq, der 
sechste Imam. Mit einer Nachbildung der Handschrift Gotha A. 
1292 (Haleb 338) in Manuldruck. Heidelberg 1924. pp. 128 + 62. 
Gm. 7.20. (feed. 1/12/24.) 

Sherman, Henry Clapp. Food products. 2nd edition. New 
York 1924. pp. xiv + 688. ill. 14s. net. (feed. 25/11/24.) 

Treadwell, W. D. Elektroanalytische Methoden. Berlin 1915. 
pp. x + 233. 01. (feed. 24/11/24.) 

United Kingdom. Permanent Consultative Committee on Official 
Statistics. Guide to current official statistics of the United Kingdom. 
Yol. II (1923) : being a systematic survey of official statistics 
published mainly in 1923, together with an appendix relating to 
selected statistical publications issued prior to 1923. London 1924. 
pp. 306. ( Reference .) Is. net. 

Weinland, Rudolf. Einfuhrung in die Chemie der Komplex- 
Verbindungen (Wernersche Koordinationslehre) in elementarer 
Darstellung. 2nd edition. Stuttgart 1924. pp. xx -f 538. ill. 
Gm.2i. (feed. 24/11/24.) 

Zipperer, Paul. Die Schokoladen-Fabrikation : eine Mono- 
graphie der Kakaofrueht und ihrer Verwertung. 4th edition by 
Hermann Schaeffer and — Schroder. Berlin 1924. pp. viii + 
338. Ul. $5 net. (feed. 13/12/24.) 

III. Pamphlets. 

Cohen, Barnett, Gibbs, H. D., and Clark, William Mans- 
field. Studies on oxidation-reduction. V. Electrode potentials 
of simple indophenols, each in equilibrium with its reduction product. 
(From the U.S. Public Health Reports, 1924, 39.) 

Evans, Edward Victor. Cantor Lectures on a study of the 
destructive distillation of coal. London 1924. pp. 49. ill. 

Hunter, Harold. The chemical significance of optical dis- 
persion. [London.] 1924. pp. 117: 01. 

Robinovitch, Louise G., and Stiles, George W. A chemical 
basis for the treatment of tuberculosis : experiments on the action 
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of steapsin and insulin on tubercle bacilli. (From the Amer, Rev. 
Tuberculosis , 1924, 9.) 

Scientific and Industrial Research, Department of. Food 
Investigation Board, Special Report No. 20. The problems of 
apple transport overseas : a general survey and summary of the 
results obtained by a scientific expedition to Australia in 1923. 
By Franklin Kidd and Cyril West. London 1924. pp. vi + 
16. ill. 


— - Fuel Research Board . Technical Paper No. 10. Carbonis- 
ation of coal in continuous vertical retorts. A South Wales gas 
coal. (Mixture of Pentre and No. 3 Rhondda Seams from the 
Meiros Collieries, Llanharan.) London 1924. pp. iv -f 26. ill. 

Sinnatt, Frank Sturdy, Simpkin, Neville, and Owles, 
Archibald Bewick. The inorganic constituents of coal. Part IV. 
The melting point of coal ash. (Lancs, & Cheshire Goal Research 
Assoc. Bulletin No. 14.) London 1924. pp. 24. ill. 

Stern, Arthur Landauer. Contributions to the chemistry of 
cellulose. I. Cellulose sulphuric acids. London 1894. pp. 28. 
(Two copies.) 

Turner, J. A. Mercurial poisoning : a report on poisoning from 
small quantities of mercurial vapor. (From the U.S. Public Health 
Reports, 1924, 39.) 

United States. Department of Agriculture. Department 
Bulletin No. 1149, Absorption and retention of hydrocyanic acid 
by fumigated food products. By Edward L, Griffin [and others.] 
Washington 1923. pp. 16. ill. 

Department Bulletin No. 1152. Soy and related 

fermentations. By Margaret B. Church. Washington 1923, 
pp. 26. ill. 


Department Bulletin No. 1166. Apple by-products as 

stock foods. By G. P. Walton and George L. Bidwell. 
Washington 1923. pp. 40. ill. 

Department Bulletin No. 1250. Relation between the 

composition of California cantaloupes and their commercial maturity. 


By Edward MacKay Chance, C. G. Church, and F. B. Denny. 
Washington 1924. pp. 26. ill. 

Voegtlin, Carl, Johnson, James McIntosh, and Dyer, Helen. 
Viscosity and toxicity of arspfaenamine solutions, (From the U.S, 
Public Health Reports , 1924. 39.) 

Welch, Marcus Baldwin. Notes on strength of timbers: 
with list of transverse tests on specimens in the Technological 
Museum, {Sydney Technological Museum Bulletin 6.) Sydney 



PROCEEDINGS 

Off THE 

CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, February 5th, 1925, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair, 

The following were formally admitted Fellows of the Chemical 
Society : E. Lakeman, W. Kilroy, D. McKie, R. F. Barnes, and 
S. Krishnamurti. 

Certificates were read for the first time in favour of : 

Niels J-anniksen Bjernim, Vendersgade 28, Copenhagen. 

James Herbert Clegg, West Cliff e, Queens Park Road, Burnley. 

Horace Cecil Cockroft, B.Sc., A.I.C., 6, High field Terrace, Halifax. 

Francis Xavier Coyne, 160, Addison Street, Blackburn. 

Robin George Westbury Farnell, A.R.C.S., A.I.C., Exeter College, Oxford, 
Richard Randolph Garran, B.Sc., Orphir, St. George’s Road, Toorak, 
Melbourne. 

James Francis Halpin, F.I.C., 39, Benson Road, Forest Hill, S.E. 23. 

John Stanley Heaton, Ph.D., B.Sc., 43, Birch Road, Crumpsall, Manchester. 
John Cyril Hensman, M.A., A.I.C., Aldenham School, Elstree. 

Horace William Hughes, B.Sc,, 27, Ombersley Road, Balsall Heath, Bir- 
mingham. 

David Bret Jehu, M.Se., 34, High Street, Welshpool, Montgomeryshire. 
Clifford Merton Jones, B.Sc., Buxton Crescent, Newton Hill, Wakefield. 
David McDowall, 2, Kennishead Road, Thomliebank, Glasgow. 

Richard Alan Morton, B.Sc., Ph.D., A.I.C., 2, Luraley Street, Garston, 
Liverpool* 

Frederick Wilson Moulds, Hill Crest, Villa Road, Nottingham. 

David Pomerantz, 15, Nottingham Place, Commercial Road, E. 1, 

Robert Joseph Salmon, M. Sc., Holly Bank, Rowton, Chester. 

Talrain Singh Prem Chandra Sharma, M.Sc., Engineering College Hostel, 
Hindu University, Benares, India. 

John Robert Shepherd, M.Sc., A.I.C., Lady Hall Farm, Broughton-in 
Furness. 

Leslie John Walker, 45, Devereux Road, Wandsworth Common, S.W. 18. 
William Alexander Waters, B.A., 35, Shirley Road, Cardiff. 

James Bernard Watson, 30, Mulgrave Road, West Hartlepool. 
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The following papers were read : 

“The chemistry of petroleum. Part I. The occurrence of com- 
pounds of sulphur in the light distillate from the crude oil 
of Maidan-i-N af tun . 5 5 By S. F, Birch and W. S. G. P. Norris. 
“ The chemistry of the three-carbon system. Part IV. A case of 
retarded mobility.’ 5 By G. A. R. Kon and R. P. Linstead. 

“ Alternation in the molecular volumes of the normal monobasic 
fatty acids. 55 By W. E. Garner and E. A. Ryder. 

Ordinary Scientific Meeting, Thursday, February 19th, 1925, at 
S p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 

The President referred to the loss sustained by the Society 
through the death of Dr. Horace T. Brown on February 6th, and 
announced that the Council had passed the following resolution : 

e< On behalf of the Chemical Society the Council desires to express 
its sense of the great loss the Society has sustained in the death 
of Dr. Horace T. Brown, who served on the Council as Vice- 
President, Ordinary Member of Council, Treasurer, and Foreign 
Secretary during a period of twenty years, and offers to his son 
and daughters deep sympathy in their bereavement. 55 
Certificates were read for the first time in favour of : 

Janardhana Ram Bhatt, B.A., Sre Sumangala College, Panadura, Ceylon. 
Archibald Beresford Blunsden, The Bungalow, Westbury-on-Trym, Bristol. 
Thomas Henry Bowles, Allandale, Meadowside Road, Cheam. 

William Harrison Brindley, M.C., M.A., M.Sc.Teoh„ A.I.C., 11, Millmoor 
Terrace, Glossop. 

Thomas James Elijah Gardner, 12, Bushwood Road, Kew. 

Helen Simpson Gilchrist, 82, North Street, St. Andrews. 

Frederick Denison Maurice Hocking, M.Sc., A.I.C., 18, Woodside Park Road, 
N. Finchley, N-. 12. 

Joseph Taylor Jackson, B.Sc., 192, Algernon Road, Lewisham, S.E. 13. 
Ernest Edward Mabbott, B.Sc., 358, Fore Street, Edmonton, N. 9. 

Edgar Kent Palmer, B.Se.Tech., Rose Bank, Victoria Road, Hale, Cheshire. 
John Brent Reed, B.Sc., A.I.C., 49, St. Mildred’s Road, S.E. 12. 

George James Robertson, M.A., B.Sc., Ph.D., The Manse, Stratkinness 
St. Andrews. 

Leonard William Ernest Townsend, 35, Harewood Road, Collier’s Wood, 
Merton, S.W. 19. 

Edwin John Woodcock, Stonecot, Claremont Hill, Jersey. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 

James Mtmsie Bell, Department of Chemistry, University of North Carolina, 

, — - ~ — ~~ U.S.A. , ; , . 

Union Medical College, Peking, Chihli, N. China. ; 
f., Sarnia, Ontario, Canada. 
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Dr. B. Fliirscheim and Dr. S. Sugden were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 


Julius Nicholson Ashley, B.Sc., A.I.G. 
George Alfred Bartram, B.Sc., A.I.C. 
George Harry Beeby, B.Sc., A.I.C. 
Arthur Henry Burdick Bishop. 
Vincent Bloomer, B.Sc. 

Claude McClellan Bottomley, B.Sc. 
Frederick Stanley Brown, B.Sc., 

A. I.C. 

Percy Chorley, M.Se. 

Herbert Isaac Coombs, B.A., B.Sc. 
Alexander Steven Corbet, Ph.D., 

B. Sc., A.I.C. 

William Haughton Crowe. 

Alfred Davidson, B.Sc. 

Ernest James Davis. 

Walter Mark Puffin, B.Sc., A.R.C.S. 
Arthur Hynard Durrant. 

Frederick John Eaton, Ph.D., B.Sc., 
A.I.C. 

George Alfred Edwards, B.A., B.Sc. 
Harry Julius Emel&us, B.Sc., 
A.R.C.S. 

Ralph Margrave Esdaile, 

Edward Hugh St. Clair Flack, M,Sc. 
Henry Bell Footner, B.Sc. 

Desmond Geoghegan. 

Clifton William Gibby, B.Sc., A.I.C. 
Reginald Oswald Gibson, B.Sc., 
A.I.C. 

Conrad Theodore Gimingham, F.I.C. 
Jonathan Goodspeed* 

Richard Greenhalgh, B.Sc. 

Robert Owen Griffith, M.Sc., A.I.C. 
Anthony James Hailwood, B.Sc. 
Edward Stanley Hiscocks, B.Sc. 
Herbert Henry Hodgson, M.A., 
Ph.D., B.Sc., F.I.C. 

David Hughes. 

Kathleen Harriet Hughes. 

Arthur Frederick Hunt, B.Sc. 
Bertram Hobart Ingham, B.Sc. 

John Dobney Johnson, B.Sc. 

Wilford Jordayne Johnson, 

Cecil Brellisford Oakes Jones. 

William Wenallt Jones, M.Sc. 

Alan Richmond Kennedy. 

Frank Kenyon, A.I.C. 

Frederick Ernest King. 

Eric Knott. 


Jacob Kracovski, B.Sc. 

Herbert Lambourne, M.A., M.Se., 
F.I.C. 

John Joseph Laws. 

Raymond James Wood Le Fevre. 
Alexander John Simpson Leiper, 
A.R.C.S. 

Alfred James Andrew Lennane, 
M.R.C.S., L.R.C.P. 

Frederick William Liley. 

James Gilbert Lunt, B.Sc. 

William Hamilton McVicker, M.So. 
Thomas Mann* 

Vincent Mark Mascarenhas, B.A. 
Frank Douglas Miles. 

Sadashiv Parashuram Nair, Ph.G. 
Edward Arthur Nightingale. 
Frederick William Offord. 

Lionel Edward Outridge, B.Sc. 
Thomas Webster Parker, A.R.C.S. 
William Bayley Parker, F.I.C. 

Stuart Russell Parsons, B.Sc., A.I.C. 
William Samuel Payne. 

Kenneth John Pierson. 

Richard Edwin Pike, B.Sc. 

Douglas Victor Plumbridge, Ph.D,, 
A.R.C.S., AXC. 

John Massey Preston, B.Sc., A.I.C. 
Richard Raper, B.A. 

John Frederick James Rule, B.Sc. 
Moung Ba San, B.A. 

Leslie Vivian Donald Scorah, B.Sc,, 

A. I.C. 

George Frederick Sheppard. 

Joseph Thomas Shevlin. 

Arthur Frederick Smethurst. 

Ethel Minnie Snewing, B.Sc. 

Alton Ewart Clarence Smith. 
Susanne Mabel Lavinia Snelus, A.I.C. 
Claude Hyman Spiers, M.A., Ph.D., 

B. Sc 

Harold Jacob Stem, Ph.D., B.Sc. 
Charles James Still, Ph.D., M.Sc, 
Mohammad Hassan Syed, B.Sc. 
Mary Beatrice Thomas. 

Erie Spencer Timms, B.Se. 

Eric Titterington. 

Thomas Martin Aitken Tudhope, 
Ph,D., B.Sc. 
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Charles Cyril Norrey Vass, B.Sc. 

John Harry Village, B.Sc. 

Israel Vogel, B.Sc. 

John Wilson, M.Sc. 

Nellie Walker, M.A., Ph.D., B.Sc. 

William Joseph Victor Ward, B.A. 

James Ewart Whipp. 

The following paper was read : 

“ The nature of the alternating effect in carbon chains. Part II. 
The directing influence of the a-methoxyvinyl group in aromatic 
substitution. 9 ' By C. K. Ingold and E. H. Ingold. 

Dr. T. Slater Price discussed “ The action of light on the photo- 
graphic plate,” 


Alan Douglas Whitehead, B.Sc. 
Leslie Thomas Douglas Williams, 
A.R.C.S. 

John Henry Wylde. 

Victor Emmanuel Yarsley, B.Sc., 
A.I.C. 


ANNUAL GENERAL MEETING. 

The Annual General Meeting will take place on Thursday, March 
26th, 1925, at 4 p.m., when the President, Professor W. P. Wynne, 
D.Sc,, F.R.S., will deliver his Address. 


ANNIVERSARY DINNER. 

The Anniversary Dinner will be held in the Grand Hall of the 
Hotel Victoria, Northumberland Avenue, W.C.2., on Thursday, 
March 26th, 1925 {the day of the Annual General Meeting), at 
7 for 7.30 p.m. The presence of ladies will be welcomed. 

Tickets, price 12s. 6d. each {including gratuities to waiters) can 
be obtained from the Assistant Secretary. It will facilitate arrange- 
ments if Fellows will apply for tickets at an early date, in any event 
before March 19th. 


list of Papers, or Abstracts thereof, received between January 
16th and February 19th, 1925. {This list does not include the 
titles of papers which have been read at a Scientific Meeting, or 
which have appeared in the Journal.) 

!£ Colour and molecular geometry. Part IH. A graphical pre- 
sentation of the theory.” By J. Mora. 

£< Tesla-luminescence spectra. Part V. Some polynuclear hydro- 
carbons.” By W. H. McVicker, J. K. Marsh, and A, W. 
Stewart. 

u The surface tensions of aqueous solutions of various organic 
By P. R. Edwards. 
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“ The cryoseopic method for adsorption. 55 By H. L. Richardson 
and P. W. Robertson. 

“ Ring-chain tautomerism. Part XII. Derivatives of oc-ethyl- 
pp-dimethylglutaric acid. 55 By G, A. R. Kon, L. F. Smith, 
and J. F. Thorpe. 

“ A determination of the melting and transition points of potassium 
dichromate. 5 5 By P. L. Robinson, G. E. Stephenson, and 
H. V. A. Briscoe. 

“ Interaction of hydrogen and carbon dioxide on the surface of 
platinum. 55 By C. R. Pritchard and C. N. Hinshelwood. 

“ The identity of uncineol with eudesmol. 55 By A. R. Penfold. 

“ Further X-ray measurements on long-chain compounds (w-hydro- 
carbons). 55 By A. Muller and W. B. Saville. 

“ An X-ray investigation of the ketone series. 55 By W. B. Saville 
and G. Shearer. 

£ ‘ The relationship of thyroxin to tryptophane. 55 By C. S. 
Hicks. 

“ A new method of flame analysis. 55 By 0. C. de C. Ellis and 
H. Robinson. 

“The movement of flame in closed vessels. 55 By 0. C. be C. 
Ellis and R. V. Wheeler. 

** cycZoTelluropentanediones containing aliphatic and aromatic 
substituents. 55 By G. T. Morgan and C. J. A. Taylor. 

“ 3-Chlorobenzopyrylium derivatives. 55 By L. R. Ridgway and 
R. Robinson. 

“ A qualitative test for weak bases . 55 By R. Robinson. 

“ The labile nature of the halogen atom in organic compounds. 
Part X. The action of hydrazine hydrate on the halogen 
derivatives of a-nitro-fatty acids, 55 By A. K. Macbeth and 
D. Traill, 

e< The effect of colloids on the replacement of lead and copper from 
their salts by zinc. 55 By L. T. M, Gray. 

“ A new portable apparatus for the analysis of illuminating and 
other gases. 55 By H, D, Murray. 

“The action of halogen on phenylhydrazones. Part II. The 
action, of chlorine. 55 By J. E. Humphries, H. Humble, and 
R. Evans. 

“ Anomalous adsorption. 55 By J. B, Spearman and A. E. Battye. 

“ The photo-decomposition of chlorine water and of aqueous hypo- 
chlorous acid solutions. Part I. 55 By A. J. Allmanp, P, W. 
Cunliffe, and R. E. W. Maddison. 

u Studies of dynamic isomerism. Part XVII. The mutarotation 
of aluminium benzoyl-camphor. 55 By I. J. Faulkner and 
T. M. Lowry. 
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“ Studies of dynamic isomerism. Part XVIII. The mechanism 
of mutarotation and of hydrolytic and prototropic change ; 
with a criticism of Baker, Ingold, and Thorpe’s doctrine of 
non-intervention.” By T. M. Lowry. 

“ Studies of dynamic isomerism. Part XIX. Experiments on 
the arrest of mutarotation in tetramethylglucose.” By T. M. 
Lowry and E. M. Richards. 

" The freezing points of hydrofluoric acid.” By J. D. C. Anthony 
and L. J. Hudleston. 

fie The hydrolysis of iodine as measured by the iodine electrode.” 
By H. D. Murray. 

“ Some aromatic chlorovinylarsines.” By A. P. Hunt and E, E. 
Turner. 

“ The mechanism of the reaction between arylhydrazine sulphonic 
acids and acetoacetic ester.” By G. Reeves. 

“ The compounds formed by the action of bromine upon benz- 
aldehyde-phenylhydrazone.” By F. D. Chattaway and A. J. 
Walker. 

“ Periodic electrochemical phenomena.” By E. S* Hedged and 
J. E. Myers. 

“ The nitration of meta-hydroxybenzaldehyde carbonate and ethyl 
carbonate.” By F. A. Mason. * 

“ A synthesis of 1 : 2-dihydroquinaldine.” By F. A. Mason. 

“ The synthesis of 5 : 5'-dibromo-6 : 6 -dimethoxy thioindigo.” By 
R. H. Griffith and E. Hope. 

C£ The interaction of sodium chloride and alumina.” By F. H. 
Clews. 

“ A resolution of benzoin.” By F. J. Wilson and I. V. Hopper. 

Semicarbazones of benzoin. Part I.” By I. V. Hopper. 

“ The ‘activation’ of graphite as a sorbent of oxygen.” By 
D. H. Banoham and J. Stafford. 

“ The mechanism of the formation of malachite from basic cupric 
carbonate.” By J. R. I. Hepburn. 

" A synthesis of oxyberberine. Part I.” By W. H. Perkin, 
J. H. R1y, and R. Robinson. 

<c Variation of colour in the fluoresceine family.” By J. Moir, 

“ The equilibria underlying the soap boiling processes. Pure 
sodium palmitate.” By J. W. McBain and G. M. Languor. 

s< Some reactions of triethylphosphine.” By J. N. Collie. 

46 Nitro- and amino-ethoxy-lutidine.” By J. N. Collie and 
G. Bishop. 
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ADDITIONS TO THE LIBRARY. 

I. Donations. 

Adamkiewicz, Albert. Die Natur und der Nahrwerth des 
Peptone : eine experimentelle Untersuchung zur Physiologie des 
Albumins. Berlin 1877. pp. viii + 128. From Dr. H. E. Cox. 

Allen, Robert. Bismuth ores. (Imperial Institute Mono- 
graph on Mineral Resources.) London 1925. pp. x + $2. ill. 
35.6d.net. (Reed. 5/3/25.) From the Director. 

Atack, Frederick William, assisted by Leonard Whinyates. 
The Chemists 5 Year Book 1924. American data in collaboration 
with Francis M. Turner, Jr. Manchester [1924]. pp. xii + 1164. 
ill. (Reference.) From Mr. L. Eynon. 

Bottger, Wilhelm. Qualitative Analyse und ihre wissen- 
schaftliehe Begrundung. 4th — 7th edition. Leipzig 1925. pp. 
xvi + 644 + 34. M. 22. (Reed. 3/2/25.) 

From the Publisher : Herr Wilhelm Engelmann. 

Carpenter, Leonard. Mechanical mixing machinery. London 
1925. pp. 138. ill. 6s.net. (Reed. 11/2/25.) 

^ From the Publishers : Messrs. Ernest Benn. 

Congers International pour la Repression des Fraudes. 
Compte rendu des travaux du deuxieme Congres, 1909. Paris 
lQlO. pp. viii + 1496. From Dr. H. E. Cox. 

Deadly Adulteration and slow poisoning unmasked ; or, 
disease and death in the pot and the bottle. By an enemy to 
fraud and villany. New edition. London [n. d.]. pp. viii + 190. 

From Dr. H. E. Cox. 

Elliott, Cyril. Distillation principles. London 1925. pp, 
166. ill. 6$. net. (Reed. 11/2/25.) 

From the Publishers : Messrs. Ernest Benn. 

Gibbs, William E. The dust hazard in industry. London 1925. 
pp. 168. ill. 65. net. (Reed. 11/2/25.) 

From the Publishers : Messrs. Ernest Benn. 

Gore, George, Sparling, Marcus, and Scoefern, John. 
Practical chemistry : including the theory and practice of electro- 
deposition ; photographic art ; the chemistry of food, with a chapter 
on its adulterations ; and the chemistry of artificial illumination. 
London 1856. pp. xvi + 574. ill. From Dr. H. E. Cox. 

Guye, Charles Eugene. Physico-chemical evolution. Trans- 
lated by J. R. Clarke. London 1925. pp. xii + 172. 65. net. 
(Reed. 12/2/25.) From the Publishers : Messrs. Methuen & Co. 

Halse, Edward. Antimony ores. (Imperial Institute Mono- 
graph on Mineral Resources*) London 1925. pp. x + 102. ill. 
5$. net. (Reed. 5/3/25.) From the Director. 
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Henninger, Arthur [Rodolphe Marie]. De la nature et du 
role physiologique des peptones. Paris 1878. pp. 68. 

From Dr. H. E. Cox. 

Hofmann, Franz. Die Bedeutung von Fleisclinahrung und 
Fleischconserven mit Bezug auf Preisverhaltnisse. Leipzig 1880. 
pp. iv + 120. From Dr. H. E, Cox. 

Janee, Alexander. AligemeinetechnischeMikrobiologie. ITeil: 
Die Mikroorganismen. Dresden 1924. pp. xii + 342. ill. M. 12. 
(Reed. 3/2/25.) From the Publisher ; Herr Theodor Steinkopff. 

Lowy, Alexander, and Harrow, Benjamin. An introduction 
to organic chemistry. New York 1924. pp. x + 390. ill. 15s. 
net. (Reed. 12/2/25.) 

From the London Publishers : Messrs. Chapman & Hall. 
Patterson, Austin M. A German-English dictionary for 
chemists. 5th printing, with addenda. New York 1924. pp. 
xvi + 344. ( Reference .) 12s. Qd. net. 

From the London Publishers : Messrs. Chapman & Hall. 
Revue Generale des Colloides et de leurs applications indus- 
trielles. Year I, etc. Paris 1923 +. ( For circulation.) 

From the Biochemical Society. 
Seymour, Hartland. Agitating, stirring and kneading 
machinery. London 1925. pp. 140. ill. 6s. net. (Reed. 
11/2/25.) From the Publishers : Messrs. Ernest Benn. 

Spielmann, Percy Edwin. Bituminous substances : scientific 
progress of practical importance during the last fifteen years. 
London 1925. pp. xvi + 206. ill. 15s. net. (Reed. 21/1/25.) 

From the Publishers : Messrs. Ernest Benn. 
Tungay, Sydney J. Acid-resisting metals. London 1925. pp. 
136. 01. 6s.net. (Reed. 11/2/25.) 

From the Publishers : Messrs. Ernest Benn, 
Urbaxn, Georges. Les notions fondamentales d’element 
chimique et d’atome. Paris 1925. pp. iv -p 172. 10 fr. (Reed. 
10/2/24.) From the Publishers : MM. Gauthier-Villars et Cie. 

Weldings, A. W. Chemical symbols, formulse and calculations. 
London 1925. pp. viii + 96. 3s. net. (Reed. 16/1/25.) 

From the Publishers : Messrs. Methuen & Co. 

II. By Purchase. 

Arendt, Rudolf. Technik der Experimentalchemie : Anleitung 
zur Ausfuhrung chemischer Experimente. 5th edition. Edited by 
Ludwig Dorrmer and Walter France. Leipzig 1925, pp. 
xxviii + 732, . 01. M. 26.50. (Reed. 2/2 /25.) 

Freundldm, Herbert. The elements of colloidal chemistry. 
■ ^ r: . Barger. London 1925. pp. viii -h 210. 



PROCEEDINGS 


OF THE 

CHEMICAL SOCIETY. 

Lecture, held in the Lecture Hall of the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W. 1, on Thursday, 
February 26th, 1925, at 8 p.m., Professor W. P. Wynne, D.Sc., 
F.R.S., President, in the Chair. 

Sir William Hardy, M.A., Sec.R.S., delivered his Lecture 
entitled : ££ Problems presented by Films on Solid Surfaces.” A 
vote of thanks to the Lecturer, proposed by Professor H. E. 
Armstrong, F.R.S., seconded by Professor A. V. Hill, F.R.S., and 
supported by the Chairman, was carried with acclamation, and 
acknowledged by Sir William Hardy. 

Ordinary Scientific Meeting, Thursday, March 5t>h, 1925, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

Sir Edward Thorpe Feb. 16th, 1871. Feb. 23rd. 

Alexander Mitchell Williams Dec, 7th, 1922. Feb. 21st. 

The President also announced that at a Special Meeting of the 
Council, held on February 26th, 1925, the following resolution was 
passed : 

“ On behalf of the Chemical Society, the Council desires to 
express its profound regret at the death of Sir Edward Thorpe, 
who for 54 years was a Fellow, and during 39 years served the 
Society as Member of Council, Vice-President, Treasurer and Presi- 
dent, and while Treasurer initiated and supervised the production 
of the first three volumes of the Collective Indexes of the Society’s 
Journal. 

“ The Council recognises that by Sir Edward Thorpe’s death the 
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Society loses a wise counsellor and British Chemistry a distinguished 
investigator, and offers to Lady Thorpe its sincere sympathy in her 
bereavement.” 

The Bellows present expressed their concurrence in this resolution 
by rising from their places. 

It was also announced that 

(1) With a view to increasing the usefulness of the Library, the 
Council has made arrangements for the photographic copying by 
means of the Photostat, of material contained in the Library. 
Particulars as to cost, etc., can be obtained from the Librarian. 

(2) The first lecture in connection with the Fison Memorial 
Fund, which was established to endow a Lectureship in memory of 
the late Dr. A. H. Fison, will be delivered by Professor J. J. 
Thomson, O.M., F.R.S., on Thursday, May 7th, 1925, at 5 p.m., 
the Right Hon. the Earl of Balfour presiding. The place of 
meeting will be announced later. Tickets of admission will be 
obtainable from Mr. S. E. Carr. 

The following List of Nominations for vacant places on the 
Council was read from the Chair : 

President : Arthur W. Crossley. 

Vice-Presidents who have filled the office of President (3 
vacancies) : H. E. Armstrong, A. Scott, W. P. Wynne. 

Vice-Presidents who have not filled the office of President (2 
vacancies) : J. B. Cohen, N. V. Sidgwiek. 

Secretary : T. Slater Price. 

Foreign Secretary : F. G. Donnan. 

Ordinary Members of Council : 

(a) Town Members, i.e., those resident within 50 miles of 

Charing Cross (5 vacancies) : H. Bassett, F. W. Gamble, 
J. Kenyon, B. D. Porritt, G. Stubbs. 

(b) Country Members, ie,, those resident beyond 50 miles from 

Charing Cross {2 vacancies) : F. A. Freeth, W. Rintoul, 
F. J. Wilson. 

Dr. P. W. Austin and Dr. E. E. Turner were appointed Scrutators 
to assist in the counting of votes recorded in the election of the 
Country Members of Council. 

The following were formally admitted Fellows of the Chemical 
Society : F. H. Banfield, F. Kenyon, A. H. Durrant, A. F. Smethurst, 
J. D. Johnson, R. E. Pike, C. H. Spiers, S. Dutt, J. Kraeovski, 
H. J. EmeMus, I. Vogel, K. V. Thimann, S. S. G. Sircar, B. T. 

J Narayanan. ' 
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The Treasurer drew attention to the fact that on Thursday, March 
5th, 1885, exactly 40 years ago, a certificate of a candidate for 
election as a Fellow was read for the first time in favour of William 
Palmer Wynne. Commenting on the uniqueness of the occasion, 
the Treasurer expressed the hope that the President would long be 
spared to give the Society the benefit of his wise counsel. The meet- 
ing showed its hearty approval of the Treasurer’s remarks, and the 
President expressed his sincere thanks for the kind reference. 

Certificates were read for the first time in favour of : 

Geoffrey Alger Blyde, East Cliffe, East Bank Road, Sheffield. 

Frank Henry Charles Bull, B.Sc., A.I.C., .50, Cornwall Road, Bishopston, 
Bristol. 

Harry Dean, 134, New Lane, Oswaldtwistle. 

Irvine John Faulkner, Emmanuel College, Cambridge;- 
Thomas Flett, B.Sc., A.I.C., Anchor Cottage, Kirkwall, Orkney. 

John Charles Giblin, B.Sc., A.I.C., 3, Kensington Terrace, Brecon. 

Isabel Hodgson Hadfield, M.Se., 65, Langham Road, Teddington. 

Thomas Haworth, 8, Park Terrace, Fielding Lane, Oswaldtwistle. 

William Jobson, 52, The Mall, Swindon. 

Thomas William Jones, B.Sc., 36, St. Vincent Road, Westcliif -on-Sea. 

John Keane, M.Sc., Ph.D., 6 Shamrock Villas, Drumeondra, Dublin. 
Andrew Joseph Myles, 12, Gardner Road, Tue Brook, Liverpool. 

Alfred William Nash, B.Sc., 18, Prospect Road, Moseley, Birmingham. 

Henry Bowen Oakley, M.Sc., A.R.C.S., Wellcome Tropical Research Labora- 
tories, Khartoum. 

Harry Rawlings, B.Sc., 15, Station Road, Ramsey, Huntingdon. 

Alan Lawrence Smith, M.Sc., 22, Dean Street, Blackpool. 

George Thom, B.Sc., Grove House, Beechen Grove, Watford. 

Ernest Swann Watts, Eaglesfield, Limefield Road, Kersal, Manchester. 
Archibald Steele Whamond, 22, Church Street, Alloa. 

John Stanley Worthington, 27, Rowena Street, Great Lever, Bolton. 

The following papers were read : 

“ Studies of dynamic isomerism. Part XVII. The mutarotation 
of aluminium benzoylcamphor.” By I. J. Faulkner and 
T. M. Lowry. 

“ Studies of dynamic isomerism. Part XVIIL The mechanism 
of mutarotation, and of hydrolytic and prototropic change; 
with a criticism of Baker, Ingold, and Thorpe’s doctrine of 
non-intervention.” By T. M. Lowry. 

“ Studies of dynamic isomerism. Part XIX. Experiments on the 
arrest of mutarotation in tetrame thy Iglucose . ’ 5 By T. M. 
Lowry and E. M. Richards. 


. Ordinary Scientific Meeting, Thursday, March 19th, 1925, at 
8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., President, in the 
Chair. 



32 


The President referred to the loss sustained by the Society, 
through the death of Joseph Arderne Ormerod, who was elected a 
Fellow on May 16th, 1872, and died on March 5th. 

R. H. Purcell was formally admitted a Fellow of the Chemical 
Society. 

Certificates were read for the first time in favour of : 

James Lindsay Buchan, B.Sc., Hampden Club, N.W. 1. 

John Alfred Valentine Butler, M.Sc., The Potteries, Wincheombe, Glos. 

Annie Lavinia Byford, B.Sc., 73, Elderton Road, "Westclifbon-Sea. 

James Craik, M.A., B.Sc., Ph.D., The University, St. Andrews. 

Herbert Greetham Dane, M.Se., The Diocesan Training College, Winchester, 
Margaret Stedman Leonora Dixon, Homebush, Worcester Road, Sutton. 
Donald Hanson, 7, Willow Bank, Halifax. 

Joseph Hill, 58, Spring Street, Accrington. 

Jim Hoyle, 11, Crow Lane, Ramsbottom, 

Richard H. F. Manske, M.Se., The University, Manchester. 

Hugh Clonston Moir, B.Sc., A.I.C., 7, Craigielea Street, Dennistoun, Glasgow. 
William George Rhodes, 318, Granville Road, Park, Sheffield. 

Thomas Kennedy Walker, M.Sc., Ph.D., F.I.C., 4, Swythamley Road, Cheadle 
Heath, Stockport. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) in favour of : 

Karl Thomas, M.D., The University, Leipzig. 

Frederic N. Williams, P.O. Box 1117, Shreveport, La., U.S.A, 

The following papers were read : 

“The 6 activation ’ of graphite as a sorbent of oxygen.” By 
D. H. Bangham and J. Stafford. 

“ Ring-chain tautomerism. Part XIV. The structure of Bal- 
biano’s acid.” By E. Rothstein, A. Stevehsoh, and J. F. 
Thorpe. 

“The tendency towards intramolecular condensation in cyclic 
keto-esters. Part I. The formation and disruption of bicyclic 
dihydroresorcinols.” By E. H. Farmer and J. Ross. 

“ The structure of the enolic forms of [B-ketoesters and fB-diketones.” 
By N. V. Sxdgwice. 


PUBLICATIONS FUND. 

In connection with the Appeal for the Publications Fund issued 
by the Treasurer, it has been decided that a list of donations and 
suhscr^ftac^ received shall appear in the Proceedings for June. All 
t and subscriptions received prior to the end of May will be 
l in the List. 
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LIST OF FELLOWS, 1925. 

It has been decided to print the List of Fellows for 1925 and 
to supply the List to those Fellows who make application to the 
Assistant Secretary by the 31st July, 1925. 


List of Papers, or abstracts thereof, received between February 
19th and March 19th, 1925. (This List does not include the titles 
of papers which have been read at a Scientific Meeting, or which 
have appeared in the Journal.) 

tc The isomerism of the oximes. Part XXI. Action of picryl 
chloride and of 2 : 4-dinitrochlorobenzene on aldoximes.” By 
O. L. Brady and L. Klein. 

“ Derivatives of semioxamazide. Part III.” By F. J. Wilson 
and E. C. Pickering. 

:c The stereochemistry of the hydronaphthalenes and related 
sesquiterpenes. Part I. Decahydro- p-naphthoie acid. 59 By 
F. W. Kay and N. Stuart. 

u Irregularities in the condensation of certain nitriles with re- 
sorcinol. 95 By E. Chapman and H. Stephen. 

“ Studies in the benzothiazole series. Part III. The pseudo- 
bases of the Z-substituted benzothiazole quaternary salts.” 
By L. M. Clark. 

“ Sulphur compounds removed from a Persian petroleum by means 
of sulphuric acid. Part I.” By E. H. Thierry. 
ce Rin g-ch ai n tautomerism. Part XIEE. Three carbon ring-chain 
tautomerism in a bridged ring system.” By J. W. Baker. 

“ The measurement of the dielectric constants of liquids.” By 
H. Harris. 

tc Note on the physiological action of certain benzothiazoles and 
mercaptan derivatives.” By R. F. Hunter. 

<c Note on the physiological action of certain arylamino- derivatives 
of monochloroacetic acid. 59 By R. F. Hunter. 

44 The hydrolytic properties of certain amino-acids.” By L. P. 
Bosman. ‘ 

ee The reduction of anethole nitrosochloride.” By J. B. Shoesmith 
and R. H. Slater. 

<c Investigations on the dependence of rotatory power on chemical 
constitution. Part XXV. Three optically active alcohols 
containing a phenyl group and some esters derived there- 
from.” By L. F. Hewitt and J. Kenyon. 
u The integral relations between the vibration frequencies of mole- 
cules. 55 By E. C. 0. Baly, R. A. Morton, and E. Rogers. 
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“ The photochemical decomposition of nitrosyl chloride. 95 By 
E. J. Bowen and J. P. Sharp. 

“ Ray’s supposed triethylene trisulphide. 55 By 6. M. Bennett 
and W. A. Berry. 

“ Hepta- and nono-dilactones.” By 6. M. Bennett* 

u A synthesis of pyrylium salts of anthocyanidin type. Part VI. 
Polyhydroxyflavylium salts related to chrysin, apigenin, loto- 
flavin, luteolin, galangin, fisetin, and morin.” By B. B. 
Pratt and R. Robinson. 

“ Reactions depending upon the vapour at the interface of two 
immiscible liquids. Part II. 55 By 6 . Harker and R. K. 
Newman. 

“ The hydrates of calcium carbonate.’ 5 By J. Hume. 

“ The labile nature of the halogen atom in organic compounds. 
Part XI. The halogenation of acetylsueeinie ester.” By 
A. K. Macbeth and B. Traill. 

“ A solid hydride of antimony.” By E. J. Weeks and J. G. P. 
Bruce. 

“ A study of the effect of the concentration of aqueous sodium 
hydroxide solutions upon the rate of saponification of olive 
oil.” By G. I. Pinch and A. Karim. 

“ The formation of (L - 2 : 2 : 4-trimethylcyc?ohexan-3-one- 1 -carb- 
oxylic acid from d-camphorquinone.” By C. S. Gibson and 
J. L. Simonsen. 

“ The reaction between aromatic aldehydes and phenanthraquinone 
in presence of ammonia.” By A. C. Sircar and N. C. G. Ray. 

fi< Studies in heterocyclic compounds. Part I. 55 By A. 0. Sircar 
and P. K. Be. 

e£ The action of azides on toluquinone.” By P. B. Ckattaway 
and G. B. Parkes. 

“ The partial pressures of water vapour and of sulphuric acid 
vapour over concentrated solutions of sulphuric acid at high 
temperatures.” By J. S. Thomas and W. P. Barker. 

“ Investigations on the dependence of rotatory power on chemical 
constitution. Part XXVI. Four alcohols containing the 
vinyl group and some esters derived therefrom. 55 By J. 
Kenyon and B. R. Snellgrove. 

“ A synthesis of pyrylium salts of anthocyanidin type. Part VII. 
The preparation of the anthocyanidins with the aid of tri- 
acetylphloroglucinaldehyde.” By B. B. Pratt and R. 
Robinson. 

“ A synthesis of pyrylium salts of anthocyanidin type. Part VTTT r 
A new synthesis of pelargonidin chloride and of galangihidin 
chloride. 55 By T. Malkin and R. Robinson. 
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“ The action of halogens upon m- and ^-mtrobenzaldehyde phenyl- 
hydrazones.” By F. D. Chattaway and A. J. Walker. 

“ Plant cuticles. Part I. Modern plant cuticles. Studies in the 
composition of coal.” By V. H. Legg and R. V. Wheeler. 

“ The explosion of ammonia with carbon monoxide and oxygen.” 

By J. W. Beeson and J. R. Partington. 

“ 3 : 3-Diethylpentane (tetraethylmethane).” By 6. T. Morgan, 
S. R. Carter, and A. E. Duck. 

“ Aromatic esters of acylecgonines.” By W. H. Gray. 

“ The additive formation of four-membered rings. Part VTI. The 
synthesis and division of some dimethylene-1 : 3-oxaimines.” 
By C. K. Ingold. 

te The decomposition of hydrogen peroxide by cobaltic hydroxide.” 
By F. G. Tryhorn and G. Jessop. 

ADDITIONS TO THE LIBRARY. 

I. Donations . 

Actualites de Chimie Contemporaine. Publiees sous la 
direction de Albin Haller. 3rd series. Paris 1925. pp. viii + 
328. 12 /r. net. (Reed. 24/2/25.) 

From the Publisher : M. Gaston Doin. 
Handbuch deb Salvarsantherapie. Edited by W. Kolle 
and K. Zieler. Vol. II. Berlin 1925. pp. xiv + 878. ill. M . 
34.40. (j Reed. 16/3/25.) From the Publishers: Messrs. Urban & 
Schwarzenberg, 

II. By Purchase. 

Gmelins Handbuch der anorganischen Chemie. 8th edition. 
By Richard Josef Meyer [and others]. Berlin 1924 +. (Re- 
ference.) 

Gnamm, H. Die Gerbstoffe und Gerbmittel. (Chemie in 
Einzeldarstellungen, Vol. XII.) Stuttgart 1925. pp. xvi + 394. 
M. 24. (Reed. 14/3/25.) 

Hanslian, Rudolf, and Bergendorff, Fr. Der chemische 
Krieg : Gasangriff, Gasabwehr und Raueherzeugung. Berlin 1925. 
pp. iv + 226. ill. M. 11. (Reed. 10/2/25.) 

Holde, David. Kohlenwasserstoffole und Fette sowie der ihnen 
chemisch und technisch nahestehenden Stoffe. 6th edition. Berlin 
1924. pp. xxviii + 856. ill. M. 45. (Reed. 2/2/25.) 

Hoppe-Seyler, Ernst Felix Immanuel. Handbuch der 
physiologisch- und pathologisch-chemischen Analyse. 9th edition. 
By Hans Thierfelder. Berlin 1924. pp. xvi + 1004. ill. 
M 69. (Reed. 2/2/25.) 
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Klocker, Alb. Die Garungsorganismen in der Theorie und 
Praxis der Alkoholgarungsgewerbe. 3rd edition. Berlin 1924. 
pp. xviii + 448. ill. Rm. 12. (Reed. 24/2/25.) 

Lebekle, Hans. Die Bierbrauerei. 2 vols. Stuttgart 1921-25. 
pp. xii + 307, xii + 589. ill. M. 31.80. (Reed. 9/3/25.) 

Lord, Nathaniel Wright, and Demorest, Dana J. Metal- 
lurgical analysis, 5th edition. New York 1924. pp. xxii -\~ 472. 
m. 20s. net. (Reed. 19/1/25.) 

Millikan, Robert Andrews. The electron : its isolation and 
measurement and the determination of some of its properties. 2nd 
edition. Chicago 1924. pp. xiv + 293. ill. 8s. 9 d. net. (Reed. 
19/1/25.) 

Muller, Erich. Elektrochemisches Praktikum. 4th edition. 
Dresden 1924. pp. xvi + 264. ill. M. 10. (Reed. 28/1/25.) 

Nernst, Walther. Die theoretischen und experimentellen 
Grundlagen des neuen Warmesatzes. 2nd edition. Halle (Saale) 
1924. pp. viii + 232. ill. M. 12. (Reed. 10/2/25.) 

Ristenfart, Eugen. Chemische Technologie der organischen 
Farbstoffe. 2nd edition. Leipzig 1925. pp. xiv + 300 + 12 pat- 
tern plates, ill. M. 15. (Reed. 2/2/25.) 

Sommereeld, Arnold. Atombau und Spektrallinien. 4th 
edition. Braunschweig 1924. pp. xii + 862. ill. M. 22. (Reed. 
28/1/25.) 
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After the loyal toasts had been honoured the President announced 
that he had had a telegram from Professors Biilmann, Bjerrum, 
Bohr, Bronsted, and Sorensen sending their hearty greetings and 
congratulations to the Society, This was received with acclamation. 

The following is a list of the Toasts proposed 

1. “ His Most Gracious Majesty The K ing.” 

2. “ Their Majesties the Queen and Queen Alexandra, His Royal 
Highness the Prince of Wales, and the other members of the Royal 
Family.” 
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By SirJH. Frank Heath, K.C.B., Secretary of the Department 
of Scientific and Industrial Research : — 

3. “ The Chemical Society, 55 coupled with the name of the 
President. 

By Professor Henry E. Armstrong, LL.D., F.R.S., Past-Presi- 
dent : — 

4. “ The Retiring President, Professor W. P. Wynne, D.Sc., 
F.R.S,” 

By Professor Irvine Masson, M.B.E., D.Sc. :■ — 

5. “ The Federated Societies,” coupled with the name of W. J. U. 
Woolcock, Esq., C.B.E., President of the Society of Chemical 
Industry. 

By Professor F. G. Donnan, C.B.E., D.Sc., F.R.S., Foreign 
Secretary : — 

6. “ The Guests,” coupled with the names of Professor Ernst 
Cohen, of Utrecht University (representing the Nederlandsche 
Ghemische Vereeniging), and J. Hunter Gray, Esq., K.C., M.A. 

Sir H. Frank Heath, K.C.B., in proposing the toast of £e The 
Chemical Society,” said : — 

Mr. President, Ladies and Gentlemen, after I had accepted with 
some hesitation the invitation to address you this evening, and to 
propose this toast, I happened to he present at a public dinner where 
one of His Majesty’s Judges said that after considerable experience 
of speeches of the kind he had come to the conclusion that most 
proposers of toasts began by explaining how unfitted they were for 
the task entrusted to them, and spent the rest of the time in proving 
it. Well, Ladies and Gentlemen, after that opinion from the 
Bench, there is nothing left for me but to throw myself on the mercy 
of the court. 

I do, indeed, feel it to be a very great honour that a great 
scientific society like this should ask to have the principal toast of 
the evening proposed by a layman. You are not only a focus of 
research in pure science, you not only have a membership of 4,000 
Fellows, but I see at these tables to-night inorganic and organic 
chemists, analytical and physical chemists, and not least of all, 
perhaps, biochemists. I won’t suggest that the specialisation which 
is obviously taking place in your ranks has gone quite as far as the 
young American medical student of whom Dr. Howe told us in 
Philadelphia last autumn, who announced his intention of specialising 
in the ear, but had not made up his mind whether it was to be the 
right ear or the left. But specialisation there certainly is. Indeed, 
the f oimdation of the Society was an act of specialisation in 1841 ; 
when the Royal Society was first founded, I find from those 
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interesting records in Nature that the discussions ranged quite 
easily from naval architecture to the distillation of charcoal 
from the anatomy of animal intestines to the discussion of a new 
digester for the brewing industry. Well, every one of those fields 
now has its own special society or societies. Specialisation must 
continue, I imagine, and increase, and yet to me as a layman I think 
there seems to be a movement in progress which must tend to 
counteract any disadvantages there might be from excessive 
specialisation ; I mean the obvious tendency for different sciences 
to co-operate in the solution of the more difficult problems that 
are in front of you. 

Professor Wynne, in his address this afternoon, referred to the 
Department with which I happen to be connected, and spoke of the 
share which chemists had undoubtedly had in the movement that 
led to the establishment of that Department. But I do not think 
that even you perhaps fully realise how close the link always has 
been, and I imagine always must be, between any organisation 
established to encourage scientific research and the chemists. 
Just look back. Professor Wynne’s address was partly concerned 
in dealing with the review that Professor Meldola took before the 
war— I think in 1907 — of the difficulties of the research worker in 
this country. Professor Meldola, a Past-President of this Society, 
was an original member of the Advisory Council of the Department 
of Scientific and Industrial Research and remained a member of 
that Council until his unfortunate death. Your new President, 
Dr. Crossley, is Director of Research to the largest Research Associa- 
tion for Industry that has come into existence since those difficult 
days of the war, the British Cotton Research Association, and that 
Association and Dr. Crossley are working in constant and con- 
tinuous co-operation with the Department. Dr. Slater Price, another 
officer of this Society, is Director of the British Photographic 
Research Association ; Sir Herbert Jackson, a former Vice-President, 
is Director of the Scientific Instrument Research Association; Dr. 
Pickard, a former member of your Council, is Director of the Leather 
Association ; Dr. Scott, a Past-President, is a Director of the 
Laboratory established by the Department at the British Museum 
in order to study the best means of preserving antique objects of 
every kind; and finally there is your Treasurer, Professor Jocelyn 
Thorpe, who is to-day a member of the Chemistry Research Board 
of the Department and a member of many of its committees. 

Now, my contact with all those distinguished men has made a 
double impression upon my mind. One is the adaptability of the 
chemist, and the other is bis extraordinary power of penetration. 
Looking at the Research Association movement which I have 
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referred to already — incidentally there are twenty-four different 
industries which have organisations of this kind in this country, 
and the majority of the Directors of Research of those twenty- 
four Associations are chemists — I draw the conclusion that they 
must have great adaptability, because I happen to know that 
in many cases, and in some of the most outstanding cases, the 
chemists who have been called to those important posts knew 
nothing about the industry when they took up the appoint- 
ment, and for that very reason have brought success. Professor 
Wynne told you this afternoon that those Associations have been 
useful because they have opened new posts to young men, and 
nothing could be more important than that. But I think he might 
possibly have added that these Associations have done more than 
that. I will tell you an experience of mine which explains. The 
other day I was in the largest textile mill in the world, and found 
that they have quite a large and busy research laboratory, and I 
was told that the reason that that laboratory had been established 
was because they had been so convinced of the value of research 
by the Association of which the firm was a member that they were 
determined to carry the matter further and have an organisation 
of their own within the works. That is going on all over the 
country ; so that it is not merely if you look at it simply from the 
point of view of openings for young men — which after all is not the 
whole story — it is not merely that the Associations provide openings, 
but that in increasing measure the firms in the Associations as they 
come to realise the value of research will need the help of chemists 
and other men of science. And, sir, their power of permeation ! 
Chemistry, it seems to me, has made its way already into almost 
every sphere of human life. You dictate to us, sir, what we are to 
eat, though I believe you are not entirely agreed as to the pre- 
servatives that should be used for our food; you give us new 
textiles to wear — or at least you give our wives new textiles to 
wear, and when we are ill you indicate to us, attracted as we are by 
the skilful advertisements of people who are out for that weakness 
of man that comes with illness, and you tell us where the medicines 
we are advised to take fail to come up to what they claim to be. 

Now* sir, I could quite safely, with considerable safety, go on to 
tell you of the records of your great men who have been officers and 
Fellows of this Society. I could refer to the Central library which 
you have established, which helps all the Societies connected with 
chemistry to have a nodal point from which they can gather their 
recorded information. I could speak of your research fund. I 
could tell you of the brave efforts you are making in spite of rising 
prfees and a printers' strike to keep the publications going. But 
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if I did, I should only be telling you what you know far better than 
I do. 

I am going to venture, sir, in view of the most excellent hospitality 
which you have offered me, and in view of the patience with which 
you, ladies and gentlemen, have listened to me up to the moment, 
I am going to venture to be bold, and to tell you how the present 
state of chemistry strikes a rank outsider. 

I remember that when my brother-in-law, more than forty years 
ago, tried to teach me some chemistry, the molecule seemed to me 
a much more important thing than the atom. The atom, to my 
untutored mind, seemed a sort of axiom which you had to accept, 
but which compared with the interest of the molecule was a poor 
thing. Now I venture to think that possibly until comparatively 
recent times chemistry has concerned itself a good deal more with 
the molecule and its behaviour than with the atom* But is that 
condition going to last ? The other night I heard a distinguished 
young biologist speaking of several sciences and claim as his 
belief that the central science of the future would be biology. He 
was prepared to take off his hat to physics and. chemistry as 
important fundamentally, but the future lay with biology. One 
did not live in the cellars of a house, but in the upper storey. Well, 
as an outsider I am bound to say that I doubt that. To me, at any 
rate, and possibly to other people who are not chemists, chemistry 
seems to be taking increasingly a central position and bringing to its 
service the work, the tools, which other scientists on both sides of it 
are preparing. What has physics done recently from the point of 
view of chemistry % Has it not, by giving you the anatomy of the 
atom, and by revealing the structure of the space lattice, helped 
you to get a picture of three things — first, the mystery of chemical 
attraction, secondly, as Sir William Hardy, in his Bakerian lecture, 
pointed out, the phenomena presented by liquid and solid surfaces 
in close contact, and thirdly, the problem of catalysis. Those things 
are giving you, are they not, larger control over the speed and 
nature of reaction ? But the engineer similarly is bringing in the 
tool of high pressure, and what will happen when the knowledge 
you already have, and these tools you already have, are brought 
to bear under the conditions of high pressure, it is very difficult to 
prophesy. And so you are forcing your way into the biological 
field. Another tool I fancy I see in your hands will be those 
mysterious accessory vitamins which link up your chemical work 
with those mysterious chemical reactions of the animal and 
vegetable organisms. 

Well, sir, I have proved my incapacity for proposing this toast, 
and I will therefore ask you to drink to the health and future of the 
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Chemical Society, coupling with the toast the name of your 
President, Dr, Crossley. 

Dr. Arthur W. Crossley replied : — 

I am sure the Society would wish me to thank you, Sir Frank 
Heath, very warmly for the way in which you have proposed this 
toast. My predecessor in this Chair has this afternoon answered, 
I think, fairly fully some of the remarks which you have made. 
He has expressed his appreciation of the efforts of the Department of 
Scientific and Industrial Research. Perhaps, as being somewhat 
intimately associated with that Department, I may be allowed to 
add one or two words. So far as my experience goes that Depart- 
ment is free from, shall we say, a Government monopoly — Red Tape, 
and is willing in every way possible to help anyone interested in the 
work it is doing. I have had some experience of the professional 
or professorial side of chemistry, and for the past five years I have 
had some experience of chemistry as applied to industry. I say, 
with full consideration of what I am saying, that in my opinion the 
Department has founded in the Industrial Research Associations a 
movement which is destined to play an all-important part in the 
future of this country. By no other means that I can conceive could 
science have been brought into those industries. I hope on some 
future occasion to speak somewhat more fully on this subject, and 
for the present, if you will not think it impertinent on my part, 
I should like to congratulate the Department on the big efforts which 
it has started and to say, “ Don’t be in the least discouraged by 
disparaging remarks that may be made about you.” 

I believe it is customary for the President on these occasions to 
make some reference to the affairs of the Society. This afternoon 
we had our Annual General Meeting, and by virtue of a decision 
arrived at, I find things weighing somewhat heavily on my shoulders. 
I refer to the decision which permits me to have the honour to 
occupy the position which I do at the present moment. 

The election of one President, of necessity, means the retirement 
of someone who has occupied that post. It falls to more eloquent 
lips than mine to propose the toast of Professor Wynne this evening. 
I hope, however, that Professor Armstrong will forgive me if I say 
one or two words. When the time comes for Professor Wynne to 
apply for armorial bearings I would like to suggest that he take one 
single word for his motto, and that word is “ Thorough.” His sole 
aim has been efficiency, and in endeavouring to attain it he has not 
spared himself in the slightest degree. Few realise when he comes 
to a meeting and quietly says, “ I think we should be well advised 
to do so and so,” that this has possibly meant hours of thought, 
perhaps wrestling with the mystic language of charters and bye- 
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laws, perhaps the writing of numerous letters and documents. To 
do the right thing for the Society’s welfare has been his sole object. 
I should like to speak on behalf of us all just one or two words to 
Professor Wynne. They are simple, but my long-standing friend- 
ship with him enables me to know, I think, that he will understand. 

“ Professor Wynne, we have learned to know something of the 
time, care and thought which you have expended on our behalf 
during the past two years. We appreciate ; we are grateful.” 

The Chemical Society is rightly, in the opinion of its Fellows, 
a very exceptional and uncommon institution, indeed our forbears 
taught us to regard it as such. They did not found the Chemical 
Society of London, or England, or of Great Britain, they founded 
simply “ the Chemical Society,” and as such we are proud to regard 
it. We desire no addition : we ourselves are content to be chemists, 
without the added epithet of druggists which so many kind friends 
attempt to hurl at us. But I regret to say that when one con- 
sideration is taken into account we become quite unexceptional, 
quite common, and resemble most other societies, institutions, and 
individuals, inasmuch as we are finding it very difficult to make our 
income balance our expenditure. Up to the early days of 1914 we 
were quite a happy band, able to publish the original communica- 
tions sent in by our Fellows, able to give our Fellows full value for 
their subscriptions and able to put by a small sum of money each 
year. In those days a page of the Journal cost 175. od . ; in 1921 the 
price had risen to £2 125. 4cL It is true that at the present moment 
the price has fallen somewhat, but it is still well above twice the 
amount that it was in 1914. Moreover, the original communications 
are always on the increase, and we have now to make annual pro- 
vision for the publication of 3,500 to 4,000 pages of Transactions 
alone. The situation is a very serious one from the point of view of 
the Society and it has given the Council furiously to think as to the 
. possibilities of meeting* it. The first step was to increase the 
subscription of our Fellows by 50 per cent. It is greatly to be 
regretted that it was found necessary to do so, for the majority of 
our Fellows are young men, and young chemists — in fact, I think 
I may say most chemists — are not over-burdened with this world’s 
goods. The second step was to adopt the suggestion of the Treasurer 
to ask our Fellows to subscribe to a Publications Fund, the interest 
on which should be devoted to the upkeep of the Journal. We have 
raised in this way nearly two thousand pounds, but that is not enough, 
and we were faced this year with a possible adverse balance of some 
three thousand pounds. The Treasurer this afternoon told us we 
actually had a credit balance of some £210, but how has this been 
obtained ? By ruthlessly cutting down the original communications 
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sent In for publication, to such, an extent as to cause endless dis- 
pleasure to authors and to leave it doubtful as to whether we are 
doing justice to their work; further, by asking Fellows to pay for 
the Annual Reports, which so far have always been distributed free, 
and by many other curtailments of our legitimate activities which, 
in my opinion, are greatly to the disadvantage of our Fellows and 
form a distinct danger to the prestige of British chemistry. Most 
societies, most institutions and most individuals themselves decide 
the pace at which they will live, and the pace is generally regulated 
by monetary possibilities. But the Chemical Society is again 
exceptional. The pace at which we are living has 'not been decided 
upon by ourselves, but has been decided upon by no less an authority 
than the nation. 

I have stated that up to 1914 we were a happy band. In that 
year the nation spoke to us for the first time on record, I believe, 
but it. spoke in no uncertain voice. It said, in the first place, 
“ We are at war. We want certain drugs used for the alleviation of 
pain and suffering ; we have so far obtained these supplies from 
abroad, and that source is now cut off. We are aware that these 
drugs have never previously been made in this country; we are 
aware that they require skilled labour for their production. There- 
fore we want you to prepare them for us.” Well, those drugs were 
prepared by an organised effort on the part of the chemists of 
practically all the Universities and University Colleges in this 
country. Then came a second call. The nation said, ct We want 
more explosives : T.N.T., picric acid, ammonium nitrate ; we want 
acetone and dye-stuffs.” Finally, there came a third call : “ We 
want poison gas, poisonous and always more poisonous, and with 
each gas we want complete protection.” I do not think it can be 
said that any of these calls were made in vain, or that the chemists 
of this country were found wanting in any way. So far as I know 
the chemists of this country, that is, the Chemical Society has never 
spoken back to the nation, but I suggest the time has come when 
this might be done, and in terms such as these : — 

“ In 1914 you asked us to do certain work for you, which we did 
to the best of our ability. We at once admit that some of our 
results were not forthcoming as speedily as we could have wished 
and in circumstances where speed was all important, due to the fact 
that the type of work which you asked us to do was new to us and 
we had perforce to gain experience. This experience has shown us 
clearly that in order to be prepared for any call which you may make 
upon us in the future, when delay may prove fatal,, it is necessary 
p^ noijnng should be left to chance, and it is therefore essential for 
as to carry out numberless researches so as to keep ourselves fully 



47 


informed of the possibilities of chemistry generally. Your requests 
of 1914 have greatly stimulated research activities in this country, 
and the publication of the increased number of papers has become 
a very serious matter to the Chemical Society, which can only meet 
the present situation by greatly curtailing its legitimate and rightful 
activities. In these special circumstances, will you not help us to 
carry on our legitimate work 1 ” 

I cannot think that such an appeal could possibly fall on deaf 
ears, for this very simple reason, that the Chemical Society through 
the efforts of its members has proved itself to be a national asset 
of the utmost magnitude and importance. Sir Frank Heath, once 
more I thank you for the way in which you have proposed the toast 
of the Chemical Society. 

Professor Henry E. Armstrong (Past-President), in proposing 
44 The Retiring President,” Professor W. P. Wynne, said : — 

Mr. President and Fellows of the Chemical Society, I ask you to 
lend me your ears and I hope I shall reach them. You have an unusual 
opportunity, an unusual spectacle, to offer to our guests to-night — 
that of a retiring President. The progra mm e is wrongly printed. 
The “The” should be in Clarendon and “retiring 55 in italics. 
Presidents are not often retiring. Their business is to be unashamed 
and aggressive on behalf of the bodies they represent. A little 
more than two years ago I undertook two tasks : one, an easy 
one, was to convince the Society, the Council of your Society, 
that a particular person was the man for the office of President ; 
the other, an almost impossible one, to cajole, to persuade, all but 
to force that particular person to recognise, as the walrus said, 
that his time was come to take on the many things pertaining to 
the President’s office in our honourable body. It is little short 
of forty years ago, on March 27th, 1886, that he came to me as 
private assistant and had we been wise we should never have 
parted company. The years we worked together were the happiest 
and most fruitful of my life. We were not called upon to con- 
centrate hydrogen ions; we never wasted time on noughts and 
crosses; no Lowry worried us with perpetual reehristenings of 
the already fully-named; we just quietly kept company with a 
hydrocarbon which was thoroughly well behaved and responsive. 
Our work was straightforward. There was no angle worship about 
it and we reported our results without fuss of any kind, in the 
briefest possible manner. 

We put up ten signposts for the Di- and fourteen for the Tri- 
chloronaphthalenes and thereby demonstrated the truth of a 
doctrine fitly to be balled, a theory of benzenoid structure, which I 
venture to say no X-ray analysis can upset. I think I may say 

*2 
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we were both proud of our exhibit at Wembley last year, when we 
thought of its implications. Our work pleased the Germans but 
it met with no recognition at home. It was unnoticed and that 
was a double compliment. It cost much toil during many years 
and a good deal of hard cash ; neither of us made a halfpenny out 
of it. 

I am told that Mr. Wells asks a couple of hundred pounds for 
a couple of thousand words. At all times, we could get what we 
wanted, what material we wanted, free of cost from Germany. 
We were never offered anything from our English works and our 
advice and assistance was never invited, although we worked in 
a technical college. Now, a great branch of the dye-stuff industry 
stands upon the foundation we built up. Yet neither before nor 
during the war, nor since, have we been asked to advise or assist 
in any way in the construction of the English edifice. Now, I 
modestly mention these points, in support of what the President 
said to-day as to the lack of co-operation between science and 
industry. When that address of his is printed, I trust that the 
measured terms in which he spoke on that subject will have their 
effect. I may say that the work was done in a sense sub-rosa, 
without official encouragement. I recollect on one occasion speak- 
ing to our hon. secretary, Sir John Watney, about research. His 
immediate reply was, Your business is to teach boys, not to do 
research.” That is the kind of encouragement we got in those days. 
This is the spirit that has been behind the comparative failure of 
our institutions to do original work, of which the President spoke 
to-day. It was not the primary fault of those who were working 
in the institutions. 

I was glad to hear him speak out particularly on one subject— I 
think it was the keynote of his address — and say plainly that it is 
absurd for the Universities of this country all to attempt to do the 
same thing and on the same scale. Sir Frank Heath has told you 
of the tendency there is to specialise. A great lesson to be learnt 
by the Universities in this country is that they too must specialise. 
Hist University has no right to deal with anything but iron and steel 
and things of that kind. It will only be by specia lising , that it 
will be possible for the several universities to effect the exchange of 
workers of which he spoke. Supposing we were to legislate 
to-morrow in the direction in which he spoke, all the research 
workers would drift to one or two places. That is a serious danger 
of any attempt of that kind. 

, Now to Return to the man. My respect for his great ability 
as a worker * as a chemist and teacher and for the nobility of his 
sfcracter, has steadily increased with years. As a chemist, I 
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know of no better worker and teacher; as a man I have known 
no man so conscientious and self-sacrificing. I would recall to 
you the service he rendered as Editor in years gone by, of which 
our President gave so striking an illustration to-day. I wish 
the spirit he showed on that occasion could be manifest 
throughout the Society and I wish that Editors could be 
brought to take the same interest and at the same time show 
the same ability in their Editorial work that our late President 
displayed. You have heard how conscientious he has been. He 
has attended every possible meeting of the Society it has been 
possible for him to attend and he has done a great deal of outside 
work. Such a man deserves our thanks, not only for the work 
he has done, for the direct service he has rendered, more particu- 
larly must we thank him for the example he has set. Unsparing 
unselfishness is scarcely a present failing of the chemist, but the 
time is at hand when it must he your distinct characteristic. 

Sir Frank Heath has rightly told you that after all it is not the 
atom but the molecule that is the real thing. The atom has no 
character until it joins up into the molecule. Speaking before the 
Institute of Chemistry recently, I said that chemists have reason to 
be proud of themselves on account of their achievements. At all 
events, the young women of the day are clad in cellulose and fine 
raiment mainly through your services. Even the Medical Research 
Council is faintly yearning for chemical aid. Sir Frank Heath 
spoke of Biology being the science of the future. Biology is nothing 
but chemistry when it comes to the real thing. Biology is making 
slow progress at the present time but most of the Bio-chemists, 
as I have said, are but bits of chemists. When they become 
chemists, there will be a real advance in vital chemistry and in 
medicine too. Still, with all this service to your score you have 
no recognised public standard and what is worse, no internal 
cohesion but lots of friction. You are not three hydrocarbons but 
more than thirty. Now is the time for you to show that you can 
come together, hold together, log roll together and organise 
together. There must be complete fusion of interests, I hold; 
an end must be put to the present chaos and inefficiency of public- 
ation, If necessary, to find funds, you must give up smoking. 
Your analyses will be more trustworthy if you do. There will 
be less tendency to believe in the transmutation of copper into 
lithium. No small temporary scheme will suffice. To be at all, 
you must be big. 

Now, gentlemen, if you have any element of human feeling, you 
will sympathise with me in my determination to overcome to- 
night the modesty of your too-retiring President and join with 
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me in thanking him* with all possible warmth, for the distinguished 
way in which he has served the Society during the past two years 
and for the great example he has set by his unselfish devotion to 
the interests of .our profession. I call upon you to join with me in 
drinking the future health and happiness of our late President, 
Professor Wynne. 

Professor W. P. Wyhne, D.Sc., F.R.S., responding, said : — 

I rise to thank you most heartily for the cordial way in which you 
have received the toast. I hope I may be allowed to regard it not 
as applying only to myself, but as including all those who have 
worked with me in the interests of the Society during the past 
two years. But for the loyal co-operation and cordial support of 
the officers, the Council and the office staff I could have done little 
or nothing, despite all the kind things Professor Armstrong has said 
in proposing the toast. He is my father in chemistry, and his 
eulogy is to be explained not by my merit but by the partiality often 
displayed by a parent. 

As a father, Professor Armstrong is doubly fortunate, for, in 
addition to four distinguished sons who bear his name, he has a 
numerous chemical family of which I am proud to be the eldest. 
Two others of us, Sir William Pope and Professor Lowry, are also 
present this evening. As will have been gathered from what he 
said we may not be in complete agreement with our father’s views 
on every subject— a not uncommon experience in families, chemical 
or otherwise— but that does not diminish in the slightest degree 
our affection for him or sincere appreciation of our fortunate 
upbringing. 

Professor Armstrong referred to the date on which I became his 
private assistant. I had left South Kensington a few months earlier, 
and it was through Professor Japp’s kind offices that this most 
happy chance came my way. If a reference may be permitted 
to the plea put forward this afternoon for the encouragement of 
migration, this crossing of Exhibition Road from the one College 
to the other did undoubtedly exercise a profound influence on my 
own career. 

I had the good fortune to number among my teachers no fewer 
than seven Fellows of the Royal Society, five of them being Past- 
Presidents of this Society, and, on an occasion such as this, it is no 
less a pleasure than a duty gratefully to acknowledge my deep 
indebtedness tp them. The first of these Fellows was Dr. George 
Gore, Vifeo, it may be remembered, published so long ago as 1865 
an account of the modification in the properties of some seventy 
produced by complete desiccation, and thus was a 
in the field of research so closely associated with Professor 
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Brereton Baker’s name. He was a self-made man. How lie came 
to be chemistry master in King Edward’s School, Birmingham, I 
do not know, but he had never been to a training college, and thus 
his originality had not been educated out of him. ■ His method of 
judging the nature of our work was to suggest at the commencement 
of the class, that we should write a resume of the previous lesson. 
This was assessed by the number of pages handed in at the end of a 
quarter of an hour, irrespective of the fact that some of them might 
contain six words and some of them sixty. That is the way in 
which I started to learn chemistry. Then, having left school, I 
went to evening classes after the day’s work, and am a product of 
that system of “ payment by results,” under which science classes 
were farmed out to teachers, who were paid by fees based on successes 
achieved by their students in the examinations conducted by the 
Science and Arb Department of those days. Despite the hard things 
which have been said about it, I do not think the system was wholly 
bad. At any rate it gave me my chance and to many others 
theirs. It provided, indeed, the only avenue to instruction in science 
subjects open to most students in the ’seventies of last century 
before University Colleges and Technical Schools came into existence. 
By its aid I went to South Kensington in 1881 and there had the 
great advantage of being a student under Sir Edward Frankland, 
Professor Percy Frankland and Professor Japp, who began my 
training in research. Thereafter followed the training as a teacher 
under Professor Armstrong, who taught me — nay, compelled me — 
to think; Sir Edward Thorpe, who brought me back to the old 
College, and Sir William Tilden, who last year, although in infirm 
health, did me the great honour of coming to the anniversary meeting 
and saying words which I shall never forget. I am to see him to- 
morrow, and I hope I may take to him from this gathering a message 
of affectionate regard and esteem. (Cheers.) 

There is just one remark I should like further to make. Sir 
Frank Heath spoke in most appreciative terms of chemists and of 
their adaptability, for which we thank him. But it is only right to 
remember that the indebtedness to which he referred is not wholly 
on one side. I think the signal success which has attended the work 
of SirTVilliam McCormick and Sir Frank Heath, neither of them 
men of science, in producing the result known as the Department of 
Scientific and Industrial Research, serves to show that success in 
such enterprises comes not only from a knowledge of men and affairs, 
but in no small measure from a sympathy with, followed by an 
understanding of, the type of problem to be solved. 

As the thirty-ninth President, no longer retiring but retired, I 
salute my friend and colleague, the fortieth President, wishing him 
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as happy a time during his period of office as fell to my lot. Once 
again I thank you all most sincerely for the way in which the toast 
has been received. I do not deserve the praise; I have simply 
done my job. 

The toast of “ The Federated Societies ” was given by Professor 
Irvtne Masson, who said : — 

There are, I suppose, few of us here who are so deeply learned 
in chemical politics as to be at once aware of what this term con- 
notes; and I will therefore first adopt the old-fashioned plan of 
giving instruction by means of enumeration. The Chemical Society 
is affiliated with no fewer than seventeen others. Of the eighteen, 
four deal primarily with pure science — the Mineralogical, Faraday, 
Biochemical, and ourselves; twelve with the methods and the 
discoveries of pure science as applied to practical arts, namely 
the Society of Chemical Industry, Society of Public Analysts, Royal 
Agricultural Society, Institute of Brewing, Society of Dyers and 
Colourists, Society of Leather Trades 5 Chemists, Royal Photo- 
graphic Society, Institute of Metals, Iron and Steel Institute, 
Ceramic Society, Society of Glass Technologists, Institution of Gas 
Engineers ; and two are of a special character, namely, the Insti- 
tute of Chemistry and the Association of British Chemical Manufac- 
turers, which deal with chemists professionally and in their relation 
to the lay public. 

What is especially made prominent by this list is, not so much 
the subdivision of pure chemistry, as the great number of ways in 
which the science as a whole has found a place in the business 
concerns of the nation. So evident is this, indeed, to chemists, 
that we have now and then to remind ourselves that if we have 
won the privilege of helping a little in the material welfare of our 
country, we cannot evade the responsibility which has thereby been 
entrusted to us. And, with this in view, the more we can do to 
foster intellectual sympathy between all kinds of chemists, the 
more will our science be able to serve the nation at large. And 
this is why there is a Federation of all these societies : it is a feder- 
ation primarily pro bono 'publico , not merely pro bono chemico. 

Let me indicate briefly two or three ways in which co-operation 
has usefully shown itself at present. 

The Library of the Chemical Society has of late years been 
extended and is annually increased, with the set purpose of being 
useful not alone to its own Fellows but also to members of the 
other affiliated societies. Towards the heavy annual cost of this 
addition to its original function, many of these Societies have 
contributed ; and now our Library, poorly housed though it is, 
fs becoming a truly national asset. Last year, for instance, the 
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visits to consult our 30,000 volumes averaged about twenty-two 
per day; and of these, one-third of the consultations were made 
by members, not of the Chemical Society, but of other societies, 
while among the other two-thirds many were members of the 
Chemical Society and the others as well. 

Another example is seen in the co-operation between the Chemical 
Society and the Society of Chemical Industry which has set going 
the Bureau of Chemical Abstracts. The Bureau has done a great 
deal of quiet work already, and it has before it the central problem 
of unifying the British publications which survey each month or 
fortnight the whole of the world's current literature of chemistry. 
Surely no obstacle short of insuperable bankruptcy should be 
allowed to stand in the way of an end so desirable. 

A collective token of federation is, I take it, to be seen in that 
body of delegates, the Federal Council for Pure and Applied 
Chemistry. There is something in this Council which reminds one 
of the luminiferous ether. It was originally invented to offer a 
medium for the propagation of light and radiation of energy, and 
to overcome the difficulty of action at a distance. Yet, I have 
been told, experiments made with the object of detecting it in 
motion have failed ; and some daring modems have even questioned 
the necessity for believing in it, and have dubbed it a pure 
convention. 

Now there is a name which I have to couple with this toast — 
that of Mr. Woolcock. Chemists, as such, are trained to deal 
with things which are in themselves non-human ; yet, because these 
things, and we ourselves, must everywhere affect human affairs, 
we need human guidance. It is to wise and experienced men like 
Mr, Woolcock that we instinctively turn for such help; and not 
one of you does not know how well and generously Mr. Woolcock 
gives it — think of one example alone, chemistry at Wembley. 
Mr. Woolcock fulfils the function of an ideal eatalyser; for he 
starts, facilitates, or hastens actions, without upsetting any equi- 
librium, and himself emerges apparently unchanged at the end. 

I ask you to couple with the toast of the Federated Societies the 
name of Mr. Woolcock. 

Mr. W. J. U. Woolcock: in his reply stated : — 

I feel my efforts to respond to this toast will be somewhat inade- 
quate, the more so as on looking at the toast list and seeing the term, 
“ The Federated Societies," I did not know what was meant by it. 
My chemical education is, as you know, very limited. Hitherto 
I have supposed that I knew just sufficient chemistry to understand 
what the real chemist was talking about when I had to take his 
advice. For once I have failed. Professor Masson, convincing as 
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he is on most subjects, lucid to a fault on his own particular subject, 
has left me absolutely in the dark as to what is meant by the 
“ Federated Societies.” I at first thought that possibly it was a 
misprint and that Sir William Pope was intended to reply on behalf 
of the Federal Council. The delightful language in which Professor 
Masson brushed on one side the Federal Council leaves me in no 
doubt that he is not referring to that body, but he gave us, in order 
that we might know exactly about what we are talking, a list of 
learned bodies which, in the hope or in the anticipation of the 
Chemical Society, will ultimately become federated. Let us hope 
that that will eventuate. In future when I have to think of a reason 
why I should be considered a chemist, I shall always think of what 
Sir Frank Heath said, and regard adaptability as a qualification in 
a claim for that distinguished name, because I think it is a qualifica- 
tion which those of us who lack some qualification in science may 
readily embrace and regard as practicable, and in that way seek 
a dmis sion to the inner circle, because it is very true that the chemist 
is an adaptable person, and those who have to have something to 
do with him need to be adaptable as well. 

It has been my fortune during the past twelve months to study 
two chemists at very close range. In fact, if I had attempted to 
define the Federated Societies I should have thought of a rather 
shorter list, and thought of the Chemical Society, the Institute of 
Chemistry and the Society of Chemical Industry, because of the real 
federation which has existed between those three bodies for some 
little time, and perhaps never more closely than during the past 
twelve months. I have been able to study at short range the 
Presidents of the Chemical Society and the Institute of Chemistry. 
We have travelled together, and it is a common thing for Professor 
Henderson and myself to speak together in different towns. That 
kind of intimacy brings familiarity and a working together which 
can only be obtained in that way. I remember that some time 
ago we arrived in Birmingham together. We had been in Glasgow 
the night before and had as usual said the proper t hing about each 
other. Professor Henderson, when we got to Birmingham, called 
my attention to a placard just outside the station, and, after a 
quick glance, said, “ They know we are coming,” but not taking it 
quite as quickly as Professor Henderson, I saw that he was mistaken 
and I studied it a little more closely. The two Macs advertised 
there were not ourselves. 


Buring the past twelve months there has been hardly a local 
branch of the Society of Chemical Industry or of the Institute of 
Chemistry that has not had a joint di n ner. This indicates a desire 
fqr «x>-operation among the rank and file of which those who are 
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temporarily the leaders of the chemical societies and associations 
in this country will have to take notice. 

I do not myself believe it is possible for the Councils of the various 
Societies to lay down a definite scheme for federation and to attempt 
to impose that on the local branches of the various Societies, but I 
do think that at the present time there is a demand throughout the 
country that we shall do something to prevent this appalling over- 
lapping and duplication in the production of chemical literature, and 
do something which will satisfy the man who likes to consider 
himself in the rank and file and who at the same time feels that there 
is a definite need for a closer union among the Societies and the 
Associations. 

Well now, neither Professor Wynne nor Professor Henderson nor 
myself is capable of doing that sort of thing individually. Together, 
of course, we have found it very easy. If we were upon a job which 
required modesty of demeanour, Professor Palmer Wynne did it. 
If it required some of that native shrewdness and ruggedness of 
character, Professor Wynne and I pushed Professor Henderson into 
it. If, of course, it were a mere torrent of words that was required, 
you know what would happen. But unlike the Duke of Plaza 
Toro, we have no desire to lead our Societies from behind, and in our 
individual capacity — not in our representative capacity — we have 
prepared a scheme for a Chemistry House to which each of us felt 
entitled to put his name, not binding our respective Societies or 
Associations in any way. This is a scheme which we feel we can 
recommend to those of our friends who are prepared to listen to our 
recommendations. I feel that with you, Dr. Crossley, in the chair 
in succession to Professor Palmer Wynne — and if I may say so, I 
welcome you very heartily in the chair — the work will continue. 

We of the “ Federated Societies,” yes, of the Federated in inverted 
commas Societies, thank you very much indeed for inviting us 
to-night, and thank Professor Masson for proposing the toast. We 
wish the Chemical Society every prosperity during the coming year, 
and hope that the traditions which have been built up during the 
past four or five years of close working and co-operation between the 
officers of the various Societies will be maintained. We trust that 
under your guidance those traditions will continue and we may be 
even more successful in the coming year than in the past. 

Professor F. G. Donnan, C.B.E., D.Sc., F.R.S. (Foreign Secretary), 
proposed the toast of ce The Guests,” coupled with the names of 
Professor Ernst Cohen, of Utrecht University (representing the 
Nederlandsche Chemisehe Vereeniging), and Mr. J. Hunter Gbay, 
K.C., M.A. * He said:— 

We have here to-night four distinguished representatives of 
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Holland, Professor H. J. Backer, Professor Ernst Cohen, Professor 
A. F. Holleman, and Professor H. ter Meulen. Three of them are 
accompanied by their wives. May I say that we wish these ladies 
also a very heart y welcome to London and to the Chemical Society 
dinner. 

I believe it is true that although the population of Holland is 
relatively small, actually the largest number of Nobel prizes has 
been given to that nation, which is a wonderful tribute to the 
scientific output and ability of Holland. It is nothing new, for that 
country has always been perhaps the greatest centre of scientific 
culture in Europe. I have great pleasure in saying a few words 
about my friend Professor Cohen, of Utrecht, whose name I have the 
honour to couple with this toast. I think it is rather late in the 
evening to refer to the distinguished work of Professor Cohen, but 
he is the most eminent pupil of that great man, Professor J. H. van’t 
Hoff, and is one of the greatest authorities on the effect of high 
pressure on chemical reactions, and many other things. 

When I come to look at the list of other distinguished guests 
associated with this toast, I feel like a miserable sinner transported 
to Paradise and asked to propose the toast of all the holy Saints. 
The Rt. Hon. Sir John Anderson, G.C.B. (Permanent Under- 
secretary of State for Home Affairs), is one of our guests, and may I 
assure him, speaking as one Secretary of State to another, that if in 
the conduct of the affairs of this great country he wishes for any 
advice, the President of the Chemical Society will be always willing 
to help. 

I have also the pleasure of coupling with this toast another name, 
that of one of those modest men of law, Mr. J. Hunter Gray. I have 
had the honour to be associated with him in one or two cases. It 
is needless to speak about these great men, because we all spend 
our nights reading the Evening Standard , and our days reading The 
Times, and we have the greatest admiration for their work. 

There is one thing I should like to say before I conclude, namely, 
in reference to a very important part of the toast, that of the ladies 
present to-night. We wish them all a very hearty welcome. 

It is my great pleasure and honour now to give you the toast of 
“ The Guests,” coupled with the names of Professor Cohen and 
Mr. Hunter Gray. 

Professor Ernst Cohen, who replied for the Butch chemists 
present, said : — 

During the toast of my friend Dorman I made some notes, but it 
seems to be impossible to make a response to all the remarks he 
made in the toast. I think it would take too much* time. This 
* afternoon I had a warning from the new President of your Society 
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that everyone must be brief. I think there is no nation more fond 
of conciseness in speech than the English. Take, for instance, your 
chemical abstracts. When an English, chemist wants to describe 
the properties of any substance or fluid he says : B.P. 100, E.P. 
zero, D.C. 80, and for those who are not familiar with those tele- 
graphic hieroglyphics I will add that B.P. means boiling point, 
E.P. freezing point, D.C. dielectric constant. 

In English literature or poetry you find absolutely the same thing. 
I remember an English rhyme made up of initial letters which, for 
those who are not in a hurry, I will translate : 

A fishy old fisher, called Fisher, 

Fished fish on the edge of a fissure. 

The fish with a grin 
Pulled the fisherman in. 

Now they’re fishing for the Fisher within. 

But the most striking conciseness is found in the language of 
English daily life. When I have to write a letter to the Foreign 
Secretary of the Chemical Society I write : F. G. Donnan, M.A., 
Ph.D., F.B.S., F.S.C.S., London, W.C.I, and so I could go on. If 
I were to follow these lines in responding, I would have to condense 
them into a few initials, which in plain English would mean, “ I 
wish to the Council and the Fellows of the Chemical Society, good 
luck, welfare, prosperity and happiness. 55 

Ladies and gentlemen, as I am a foreigner, you will allow me to 
express myself in a somewhat more elaborate way. In the first place, 
I have to thank the Council and the Fellows of the Chemical Society 
in the name of my Dutch colleagues who were so kindly invited to 
attend this dinner and the Annual Meeting this afternoon, and also 
to thank you in the name of the Dutch Chemical Society whose 
representatives are prevented from being here and celebrating with 
you the birthday of this Society with which so many illustrious names 
are linked. 

There is a French saying which means, M Every meeting we finish 
by a dinner whenever we can, and it is by a dinner that we rule over 
man.” But I make an alteration in the last line and say, “ It is 
our dinners which delight ladies and men.” The question arises 
as to the origin of the custom of finishing such a meeting with a 
dinner. We have had two dinners to-day ; in the afternoon our 
President gave us mental food in his most interesting lecture, 
and now we have material food. Whence comes the custom of 
linking the two ? It is your countryman, Joseph Priestley, to whom 
you are indebted for this most pleasant custom. Priestley has been 
pictured in a fascinating way in a caricature by one of your country- 
men as sitting at a dinner, but at a dinner which he never attended. 
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Priestley was a very wise man. He also invented soda-water, a 
very good remedy for many persons who have attended a dinner. 

I have been so lucky as to find the caricature, and I have had it 
copied and will ask you all to accept a copy not only as a memento of 
this splendid invention by your countryman, but also as a memento 
of most pleasant hours spent in your company. I feel sure that my 
Dutch colleagues will feel with me that we have had a very interest- 
ing meeting and enjoyable dinner with you, and thank you all for 
the very kind way in which you have invited and entertained us. 

Mr. J. Huhter Gray also replied, saying : — 

Professor Donnan, and members of the Chemical Society, a few 
days ago I had the burden and privilege to make the last speech at 
another meeting and I had taken the greatest trouble to prepare 
an impromptu speech to deliver on that evening. It passed through 
my mind that I might palm it off once more, hut I had no sooner 
come into this room than I found two members of this company — 
Sir Frank Heath and Professor Armstrong — who had heard my last 
impromptu effort. Therefore I am thankful I had made prepara- 
tions for another impromptu speech. 

This toast recalls to me a set of questions and answers which 
appeared recently in one of the newspapers. The publication of 
those questions and answers was for the purpose of demonstrating 
the super-excellence of a system of education in this country for 
which we paid so many millions of pounds annually. One question 
put was, What is a Guest ? One bright youth answered, “ A Guest 
is a joke.’ 7 Well, I hope the guests are not worse than jokes to- 
night, because I would rather be a guest than a nuisance, especially 
as I am making the last speech on the toast list. The guest who 
talks too much is apt to become a nuisance, so I will be quite brief. 
Another answer was, “ A Guest is a person usually of the male 
sex who eats and drinks as much as he can and pays nothing for it.” 
I suspect that the young person who wrote that answer was a pre- 
cocious member of the other sex. But we do, as guests, come within 
that definition. 

We to-night are guests of a most eminent body of scientific men,, 
and it is inevitable that our thoughts should be extraordinary when 
we bear about molecules and atoms and the somewhat dubious 
relationship between them, and we may play with unusual ideas. For 
example, usually when I look at the menu and note the various 
courses and I see there is one course entitled Saumon d’ficosse, with 
some oilier French words, I should say that was good Scotch salmon. 
But no such thoughts came into my mind to-night. When I put 
my knife into that salmon, I wondered if I should find at least a 
| dozen of those bodies Sir Frank Heath referred to, vitamins, 
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raining about, and perhaps I might even find a few of those bodies 
known by some curious names, and see the poor little vitamin 
running away and calling in terror-stricken tones, “ Yadil, Yadil.” 

But let me be serious. I am not one of those, although a mere 
lawyer, who think that the premier gifts of scientific genius have 
departed from this country. I believe that in the future, as in the 
past, our British men of science will remain in the van of scientific 
progress. The whole world has marvelled at the wonderful work done 
by them, and especially, may I say, by our chemists in the Great 
War, and believing, as I do, that any future warfare will depend 
more and more upon scientific progress, I have no fear, if only the 
public and the Governments of this country will give to science that 
encouragement which it demands and which it deserves. 

I am proud to be associated with the great scientist Professor 
Cohen to-night in responding to the toast of the Guests. We, the 
Guests, thank you, our Host. 

Ordinary Scientific Meeting, Thursday, April 2nd, 1925, at 8 p.m,, 
Dr. Arthur W. Crossley, C.M.G., C.B.E., D.Sc., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following : 

Honorary Fellow. Elected. Died. 

Guglielmo KCmer Jan. 20th, 1898. March 28th. 

Fellows. * 

Charles Samuel Mummery Dec. 5th, 1907. March 27th. 

Robert Atkinson Oddy Feb. 21st, 1918. March 12th. 

The President announced : 

1. That the Keith Gold Prize Medal of the Royal Society of 
Edinburgh awarded to the late Robert Traill Omond, LL.D., has 
been lent by Mr. Arnold Stevenson for exhibition in the Medal 
Case. It is hoped that other Fellows will add to the interest of 
the Society's Collection by loan or gift. 

2. That the following Committees for 1925-1926 had been 
appointed by the Council : 

Finance Com m ittee : J. L. Baker, A. Chaston Chapman, F. P. 
Dunn, C. A. Hill, G. T. Moody, R. H. Pickard, and the Officers 
(Treasurer as Chairman). 

House Committee : J. L. Baker, Sir Herbert Jackson, Alexander 
Scott, J. M. Thomson, Sir William Tilden, E. W. Voelcker, and the 
Officers. 

library Committee : P. P. Bedson, 0, D. Brady, J, R. Parting- 
ton (Chairman), Sir Thomas K. Rose, Alexander Scott, J. F. 
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Spencer, the Officers, and the Librarian, together with the following 
representatives of contributing Societies : J. L. Baker, R. B. Brown, 
J. C. Drummond, A. Harden, J. P. Longstaff, R. L, Mond, G. 
Senter. 

Publication Committee : H. B. Baker, E. C. C. Baly, H. Bassett, 

0. L. Brady, H. W. Dudley, XL R. Evans, J. J. Pox, A. J. Green- 
away, I. M. Heilbron, T. A. Henry, C, K. Ingold, H. MeCombie, 

1. Masson, W. H. Mills, T. S. Moore, G. T. Morgan, J. R. Partington, 
J. C. Philip, R. H. Pickard, F. L. Pyman, N. V. Sidgwick (Chair- 
man), W. P. Wynne, and the Officers. 

Research Fund Committee : A. J. Allmand, H. B. Baker, 
E. C. C. Baly, J. B. Cohen, W. H. Mills, Sir Robert Robertson, 
R. Robinson, 1ST. Y. Sidgwick, Sir James Walker, W. P. Wynne, 
and the Officers. 

The following were formally admitted Fellows of the Chemical 
Society : G. E. Gardam, G. E. Watts. 

Certificates were read for the first time in favour of : 

Neville Melton Bligh, A.R.C.S., A.I.C., 67, Castle Road, Bedford. 

Hugh Alexander Millar Borland, M.Sc., A.R.C.S., 14, Cotham Road, Bristol. 
Malcolm Sinclair Gaskill, 3, Buckingham Road, Hilton Park, Prestwich, 
Manchester. 

Norman Hamer, Ash Mount, Holcombe, Manchester. 

Ivor Gray Nixon, 76, The Vale, Goider’s Green, N.W. 1 1. 

Vincent Joseph Occleshaw, M.Sc., A.I.C., 22, Bym Street, Ashton-in-Maker- 
field, Wigan. 

Leon, Rubenstein, B.Sc., 87, Eaton Grove, Swansea. 

Alec Thomas Streather, B.Sc., A.I.C., 3, Wellington Road, Watford. 

Violet Corona Gwynne Trew, 18, Adam Street, Portman Square, W. 1. 

The following papers were read : 

The formation of d-2 : 2 : 4-trimet liy lc?/cZoli exan- 3 -one - 1 -carb - 
oxyfic acid from d-eamphorquinone.” By C. S. Gibson and 
J. L. Simonsen. 

Aromatic esters of acylecgonines.” By W. H. Gray. 

The decomposition of hydrogen peroxide by cobaltic hydroxide. 5 ’ 
By F. G. Tryrorn and G. Jessop, 


RESEARCH FUND COMMITTEE. 

A meeting of the Research Fund Committee will be held in June 
next. Applications for Grants, to be made on forms which can 
be obtained from the Assistant Secretary, Chemical Society, 
Burlington House, W. 1, must be received on or before Monday. 
June 1st, 1925. 

All persons who received grants in June, 1624, or in June of 
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any previous year, whose accounts have not been declared closed 
by the Council, are reminded that reports must be returned by 
June 1st. 


PUBLICATIONS FUND. 

In connection with the Appeal for the Publications Fund issued 
by the Treasurer, it has been decided that a list of donations and 
subscriptions received shall appear in the Proceedings for June. All 
donations and subscriptions received prior to the end of May will be 
included in the List. 


LIST OF FELLOWS, 1925. 

It has been decided to print the List of Fellows for 1925 and 
to supply the List to those Fellows who make application to the 
Assistant Secretary by the 31st July, 1925. 


BERICHTE, 1915 to 1924. 

Sets of the Berichte from 1915 to 1924 (10 years) are now offered 
to Fellows of the Society at £22, carriage extra. Application should 
be made to Mr. S. E. Carr. 


List of Papers, or Abstracts thereof, received between March 20th 
and April 2nd, 1925. (This list does not include the titles of papers 
which have been read at a Scientific Meeting, or which have 
appeared in the Journal.) 

“ The thermal decomposition of ammonia upon various surfaces.” 

By C. N. Hinshelwood and R. E. Burk. 

“ Strychnine and brucine. Part III. The position of the methoxyl 
groups in brucine.” By F. Lions, W. H. Perkin, and R. 
Robinson. 

<c Compounds of tervalent molybdenum. Part III. New oxal- 
ates.” By W. Wardlaw and W. H. Parker. 

“ The composition of starch iodide.” By H. D. Murray. 

“ Note on the atomic volume of manganese.” By A. N. Campbell. 
<c Note on molybdenum semipentoxide.” By W. Wardlaw and 
F. H. Nicholls. 

The action of hydrogen chloride on cycZohexylideneazine and on 
cycZopentylideneazine.” By W. H. Perkin and S. G. P. 
Plant. 
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“ The constitution of soap solutions in the presence of electrolytes : 

sodium laiirate and potassium chloride.” By W. C. Quick. 

“ The tautomerism of dyads. Part III. The effect of the triple 
linking on the reactivity of neighbouring atoms.” By E. H. 

iNGOIiB. 

££ The molecular condition of phenol in benzene solution.” By 
J. C. Philip and 0. H. D. Clark. ' 

“ The solubility of sulphur dioxide in water and in aqueous 
solutions of potassium chloride and sodium sulphate.” By 
J. C. Hudson, 

CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, MAY 7th, 1925. 

Bjerrum, Niels Janniksen, Copenhagen, Vendersgade 28. Danish. 
Professor in Chemistry at the Royal Veterinary and Agricultural College in 
Copenhagen. Researches on liquid potentials, on complex compounds, 
especially of chromium, on the ionisation of electrolytes, on the thermic 
dissociation of water and carbon dioxide, on the theory of titration, on the 
atomistic explication of ultra-red spectra, etc. (Signed by) F. G. Donnan, 
J. N. Collie, W. E. Garner. 

Blunsden, Archibald Beresford, “ The Bungalow, 5 ’ Westbury-on- 
Trym, Bristol. English. Asst. Tech, and Analytical Chemist. Employed 
for over five years by The British Oil and Cake Mills, Ltd. (Bristol branch) 
in research, etc., in their laboratory and works. Evening study at the 
Merchant Venturers Tech. College, including lectures, advanced analysis, and 
research. City and Guilds of London Institute Final Certificate (Techno- 
logical) in Oils, Fats, and Candle Manufacture. National Certificate in 
Chemistry. Desire to keep up-to-date with advance in the scientific world. 
( Signed by) Arthur Marsden, M. W. Jones, Chas. J. Waterfall, S. Siddons 
Wilson. 

Blyde, Geoffrey Alger, “East Cliffe,” East Bank Road, Sheffield . 
British. Steel Maker at A. Biyde & Co., The Wallace Steel Works, Sheffield. 
Late Student of Metallurgy, Applied Science Department, The University of 
Sheffield. I am desirous of joining with a view to extending my knowledge 
of Chemistry and Metallurgy by the use of the Society’s Library and Journals. 
(Signed by) John Evans, L. Archbutt, J. E. A. Biyde. 

Bowles, Thomas Henry, “ Allendale,” Meadowside Rd., Cheam, Surrey. 
British. Chemist, 1st Grade, Government Chemists’ Department. 28 years 
Government Chemists’ Department. (Signed by) R. Robertson, Geo. Stubbs, 
J. J. Fox. 

Brindley, William Harrison, 11, Millmoor Terrace, Glossop, Derby- 
shire. British. Demonstrator in Chemistry, Faculty of Technology, Univer- 
sity of Manchester. M.C., M.A. (Cantab.), M.Sc.Tech. (Mane.), A.I.C. 
Demonstrator as above since 1921. Joint author of “ An Attempt to Resolve 
Quaternary Phosphonium Compounds, 55 and “ Some Esters of Anisic Acid. 5 ’ 
by) Frank Lee Pyman, Fredk. M. Rowe, John K. Wood. 
f|^?l%€JHAN, James Lindsay, Hampden Club, London, N.W. 1. British, 
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Physico-chemical Research Student, University College, London. B.Sc. 
(Lond.), Hons. Chemistry. {Signed by) F. G. Dorman, W. E. Gamer, 
D. McKie. 

Bull, Frank Henry Charles, 50, Cornwall Hoad, Bishopston, Bristol. 
British. Works Chemist in the employ of Bristol Gas Company, Bristol. 
B.Se. degree 1916 (Bristol University) (Subjects : Chemistry, Physics, 
Mathematics); Associate of the Institute of Chemistry, 1919; Full Techno- 
logical Certificates in Gas Engineering and Gas Supply from City and Guilds 
of London Institute, 1923—4. {Signed by) F. Francis, J. W. McBain, M. E* 
Laing. 

Btjtler, John Alfred Valentine, “ The Potteries,” Winchcom.be, Glos. 
British. Assistant Lecturer in Chemistry, University College of Swansea. 
M.Sc. (Bir min gham), 1922. Author of papers : Trans. Faraday Soc., 19, 
659, 729, 734, 1924; J. Phys . Chem ., 28, 438, 1924; Phil. Mag., 48, 746, 927 ; 
Zeiis. phys. Chem., 113, 279, etc. J.C.S., 1923, pp. 2370, 2380; 1924, 
pp. 963, 1101 (jointly with other authors). {Signed by) G. T. Morgan, S. R. 
Carter, J. E. Coates, L. E. Hinkei, E. E. Ayling. 

Byeord, Annie Lavxnta, 73, Elderton Rd., Westcliff -on-sea, Essex. 
British. Student of Chemistry. B.Sc. (Pass). Studying for B.Sc. Honours 
in Chemistry at Bedford College for Women. {Signed by) J. F. Spencer, 
H. Crompton, P. V. McKie, E. R. Levy. 

Clegg, James Herbert, “ West Cliffe,” Queens Park Rd., Burnley. 
British. Engineer and Manager, Burnley Corporation Gas Dept. Member 
of the Institution of Gas Engineers. My object in seeking membership of 
your Society is to extend my knowledge of and assist in the furtherance of 
Chemical Science. {Signed by) Raymond Ross, Ernest Hardiker, J. P. 
Leather. 

Cockroft, Horace Cecil, 6, Highfield Terrace, Halifax. British. School- 
master. London, B.Sc., 2nd Class Hons. Chemistry, 1922; Associate of the 
Institute of Chemistry, Jan. 1923; Student at University College, Reading, 
1919 — 1922. Research work on CuCN-KCH-H*0 system incorporated in 
paper, Bassett and Corbett, J.G.S., Vol. 125, 1924. (Signed by) Robt. D. 
Abell, H. Bassett, J. W. Dodgson. 

Coyne, Francis Xavier, 160, Addison St., Blackburn, Lanes. English. 
Student at the Blackburn Technical College. Three years’ work at a Manu- 
facturing Chemist’s as a chemist, in the laboratory. Proficiency in Chemistry, 
Physics, Mathematics, German, French, Latin, and Greek. {Signed by) 
G. W. F. Holroyd, Harry G. Leigh, Robert H. Pickard, 

Craik, James, The University, St. Andrews. British. Carnegie Research 
Fellow. M.A. 1920 (St. Andrews). B.Sc. 1921 (St. Andrews). Ph.D. 1924 
(St. Andrews). Author of a paper entitled “ The Mechanism of the Oxidation 
of Typical Carbohydrates with Hydrogen Peroxide and Hypochlorous Acid,” 
J. Soc. Chem . Ind., 1924, 43, 171. At present engaged in Research Work in 
the Chemistry Department, University of St. Andrews. {Signed by) J . C. 
Irvine, John Read, G. M’Owan. 

Dane, Herbert Greetham, The Diocesan Training College, Winchester, 
Hants. British. Tutor and Lecturer (and Demonstrator) in Chemistry at 
the Winchester Training College. B.Sc. with First Class Honours in Chemistry, 
Sheffield, 1922. M.Sc. (Sheffield) 1923. Worked under Dr, J. Kenner 
1921-22 on the Influence of Sterie Factors on Intramolecular Condensation, 
see J. Kenner and E. Wiiham, T., 1921, 1452. {Signed by) W. P. Wynne, 
F. G. Tryhorn, Arthur W. Chapman, 

Dean, Harry, 134, Hew Lane, Oswaldtwistle, nr. Accrington. English. 
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Textile Chemist and Colorist. Assoc. Manchester Coll, of Technology 
{Bleaching, Dyeing, and Printing, including advanced Organic Chem. and 
Dyestuffs Intermediates). 3rd year College Certificate of Blackburn Tech. 
Coll. (Inorg. and Organic Chem. and allied subjects). (Signed by) Percy J. 
Rhodes, G. W. F. Holroyd, E. Knecht. 

Dixon, Margaret Stedman Leonora, Homebush, Worcester RcL, Sutton, 
Surrey. British. Student. A student taking a B.Sc. Honours Degree in 
Chemistry at Bedford College for Women (University of London). (Signed 
by) J. F. Spencer, H. Crompton, P. V. McKie. 

Parnell, Robin George Westbury, Exeter College, Oxford. British. 
Chemist to the British Empire Sugar Research Association, 3, 5, 7, Old Queen 
St., S.W. 1. A.R.C.S. A.I.C. Research into the colloidal constituents of 
the juice of the sugar cane. (Signed by) James C. Philip, M. A. Whiteley, 
H. B, Baker. 

Faulkner, Irvine John, Emmanuel College, Cambridge. British. 
Research Student. (Signed by) T. M. Lowry, R. G. W. Norrish, L. P. 
McHatton. 

Flett, Thomas, Anchor Cottage, Kirkwall, Orkney. British. Chemist. 
At present Works Chemist in a Factory. 4 Years’ Course at Glasgow Univer- 
sity, 1919 — 1923; Graduated B.Sc. (Applied Chem.) and was elected A.I.C., 
1923; Works chemist at Thornley Binders, Ltd., since January 1924. 
(Signed by) G. G. Henderson, T. S. Patterson, R. Wright, S. Horwood Tucker. 

Gardner, Thomas James Elijah, 12, Bushwood Road, Kew, Surrey. 
English. Works Chemist (Consol Products, Ltd., Sunbury Common, Middle- 
sex). 30 Years’ experience in Manufacturing Chemistry, especially in the 
investigation and perfecting of Synthetical Essences and like products. I 
am anxious to keep in touch with the developments of modem Chemistry, 
particularly as applying to my own work. (Signed by) Francis W. Hodges, 
Frank A. Boys, Archibald Macpherson. 

Garean, Richard Randolph, Orphir, St. George’s Rd., Toorak, Mel- 
bourne, Australia. Research student at the University of Melbourne. 
Bachelor of Science (Melbourne), 1st class Honours and Exhibition in 
Chemistry in first and second years, 2nd class in third year. Has since done 
a year’s research (heterogeneous equilibrium) and is at present reading for 
Final Honour Examinations in Chemistry. (Signed by) A. C. D. Rivett, 
E. J. Hartung, W. Davies. 

Giblin, John Charles, 3, Kensington Terrace, Brecon, Wales. British. 
Science-master, Christ College, Brecon. Bachelor of Science (London, 1st 
Hons, Chem.). Associate of the Institute of Chemistry. (Signed by) W. J. 
Jones, Claude M. Thompson, E. P. Perman. 

Gilchrist, Helen Simpson, 82, North St., St. Andrews. British. Re- 
search Chemist, Food Investigation Board, D.S.I.R. B.Sc. (St. Andrews), 
1917. PhJD. (St. Andrews), 1921. Author of a thesis on “ The Preparation 
and Constitution of Synthetic Fats, containing a Carbohydrate Residue.” 
Assistant in Chemistry, The University, St. Andrews, 1918 — 21. Joint 
author, with Principal Irvine, of (1) A Synthetic Fat, etc., T., 1924, 125, 1. 
(2) Condensation of Mannitol with Olive Oil, ibid., 10. (Signed by) J. C. 
Irvine, John Read, G. M’Owan. 

Hadfield, Isabel Hodgson, 65, Langham Rd., Teddington, Middlesex. 
English. Research Chemist. M.Sc., London University. Seven years’ 
research work for the Aeronautics Advisory Committee, Member of the 
■ staff at National Physical Laboratory. (Signed by) Guy Barr, L. L. Bircum- 
afeaar, J. T. Hewitt. 
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Halpin, James Francis, St. Chads, 39, Benson Road, Forest Hill, S.E. 23. 
British. Superintending Chemist, Government Chemist’s Department. 
Superintending Chemist in the Government Laboratories. Fellow of the 
Institute of Chemistry. (Signed by) Robert Robertson, Geo. Stubbs, A. More, 
J. J. Fox. 

Hanson, Donald, 7, Willow Bank, Halifax. English. Works Chemist. 
Passed in Physics as subsidiary to taking Honours B.Se. (External) of London 
University. Also S years’ Laboratory and Technical Experience in Explosive 
Manufacture, Tar Distillation, Textile Chemistry, and Analytical Work. 
(Signed by) W. Sowden, G. C. Riley, W. J. Stansfield. 

Haworth, Thomas, 8 , Park Terrace, Fielding Lane, Oswaldtwistle, Lancs. 
English. Assistant Gas Engineer and Manager, Oswaldtwistle Urban District 
Council. (Signed by) G. W. F. Holroyd, Harry G. Leigh, J. T. Holden. 

Heaton, John Stanley, 43, Birch RcL, Crumpsall, Manchester. British. 
Research Chemist. Student and research worker at Liverpool University 
for five years. B.Sc. (1st Hons.). Ph.D. Now engaged on research in 
textile industry. “The Investigation of Meso-thioanthracene Derivatives. 
Part I,” Heilbron and Heaton, J.Q.S., 1923, 123, 173. (Signed by) I. M. 
Heilbron, William Doran, F. C. Guthrie. 

Hbnsman, John Cyril, M.A., A.I.C., Aldenham School, Elstree, Herts. 
British. Chemistry Master, Aldenham School. 1921, Cambridge Natural 
Sciences Tripos, Part I (Chem., Physics, Physiology); 1923, Cambridge 
Natural Sciences Tripos, Part II (Chemistry) ; 1923, elected to an Associate- 
ship of the Institute of Chemistry; 1923-4, Asst. Science Master, Rotherham 
Grammar School, Yorks. ; 1924, Chemistry Master, Aldenham School. 

(Signed by) T. M. Lowry, W. H. Mills, Charles T. Heycock. 

Hill, Joseph, 58, Spring St., Accrington, Lancs. English. Chemist 
(Works). Past Blackburn Tech. College, 4th year Day Course. Occupation : 
Che m i s t, East Lancashire Soap Works. (Signed by) G. W. F. Holroyd, 
Harry G. Leigh, J. T. Holden. 

Hocking, Frederick Denison Maurice, 18, Woodside Park Road, 
N. Finchley, N. 12. British. Biochemist (and at present Final Year 
Medical Student, Univ. of London). M.Sc. (Lond.) with mark of distinction. 
A ,I.C. (1920). A.C.G.F.C. and Streathfield Memorial Prize, 1919. (Signed by) 
A. Prideaux Dawson, Arthur J. Hale, H. M. Atkinson. 

Hoyle, Jim, 11, Crow Lane, Ramsbottom. British. Finisher (Woollen). 
2nd and 3rd Year Certificates Chemistry gained at Blackburn Technical 
College. 1st, 2nd, 3rd, and 4th Year Chemical Trades Course. U.L.C.I., 
with distinction in Magnetism and Electricity. (Signed by) G. W. F. Holroyd, 
Harry G. Leigh, J. T. Holden. 

Hughes, Horace William, 27, Ombersley Rd., Balsall Heath, Birming- 
ham. British. Schoolmaster. B.Sc. (Birmingham), Class 1 (1921). Prin- 
cipal Subjects : Metallurgy, Chemistry ; Subsidiary : Strength of Materials. 
(Signed by) Harold Harris, Thomas Turner, Wm. Wardlaw. 

Jackson, Joseph Taylor, B.Sc. (Lond.), 192, Algernon Road, Lewisham, 
S.E. 13. British. Lecturer in Applied Chemistry at The Leathersellers’ 
Company’s Technical College, S.E. 1. Bachelor of Science, London Univer- 
sity. Fellow Royal Microscopical Society, London. War service (France 
and Salonika), Sept. 1914-Jan. 1919. (Signed by) Arthur Harden, Charles 
Dor^e, S. Judd Lewis. 

Jehu* David Bret, 34, High Street, Welshpool, Montgomeryshire. British 
(Welsh). Research Student. B.Sc., University of Wales, First Class Honours. 
M.Sc., University of Wales. Associate of the Institute of Chemistry. Paper 



66 


Jehu and Hudleston, Trans., 1924, 125, 1451. (Signed by) T. Campbell 
James* C. R. Bury, L. J. Hudleston, H. Medwyn Roberts. 

Jobson, William, 52, The Mall, Swindon, Wilts. British. Analytical 
Chemist. Asst. Analyst in G. W. Rly. Chemical Laboratory, Swindon, 
for the last 25 years (less 4| years’ war service), appointed Chief Assistant, 
May 1922. Board of Education, S. and A. Dept., Inorganic Chemistry 
(Practical), Honours Part 1, 1903, Pass. ( Signed by) W. R. Bird, T. C. 
Davison, T. Hartley. 

Jones, Clifford Merton, Buxton Crescent, Newton Hill, Leeds Rd., 
Wakefield. British. University Student (post graduate). Science student 
at Queen Elizabeth’s Grammar School, Wakefield (1914-1920). Laboratory 
assistant for two years (part time). Student* in Science at University of 
Leeds, 1921 onwards. 2nd Class Honours B.Sc. in Chemistry, July 1924. 
(Signed by) J. B. Cohen, W. Lowson, W. A. Wightman. 

Jones, Thomas William, 36, St. Vincent Road, Westclifi-on-Sea. English. 
Technical Chemist. B.Sc. (Hons. Chem.), London 1922. (Signed by) J. R. 
Partington, E. E. Turner, Stephen Miall, W. G. Shilling, F. A. Williams. 

Keane, John, 6, Shamrock Villas, Drumcondra, Dublin. Irish. Assistant 
Lecturer in Chemistry, University College, Dublin. B.Sc. (First Hons.), 
1917. M.Se. 1918. Ph.D. 1922 (National University). (Signed by) A. G. G. 
Leonard, A. O’Farrelly, Sydney Young. 

Lucy, Alfred, 16, Chesney Street, Battersea, London, S.W. 11. British. 
Junior Assistant Chemist. Twelve years’ Practical Chemical experience 
in Works and Research Laboratories (i.e„ The Gas Lighting Improvement 
Co., Ltd.), etc. Chemistry student, attended classes up to and including 
the B.Sc. Standard in Theoretical and Practical Inorganic and Organic 
Chemistry. Battersea Polytechnic certificates for Inorganic Chemistry and 
Oils, Fats, and Waxes. (Signed by) William A. Godby, J. L. White, John 
Wilson. 

Mabbott, Ernest Edward, 358, Fore Street, Edmonton, N. 9. British. 
Student. B.Sc. Engaged upon Organic Research work at East London 
College. (Signed by) J. R. Partington, E. E. Turner, A. T. Healey. 

McDowail, David, 2, Kennishead Road, Thomliebank, Glasgow. British. 
Process Supervisor, Calico Printers, Ltd., 8 years. Manager, McDowail, 
Morrison & Co., Ltd., Chemical Manufacturers, and interested in research 
on behalf of Chemical Industry and in connection with Manufacturing 
Chemistry. (Signed by) Robert Craig McDowail, W. McHutchison, Andrew 
S. Matchett. 

Man see, Richard H. F., The University, Manchester. British. Research 
Student in Chemistry, Victoria University, Manchester. B.Sc. 1923. M.Sc. 
1924. Queen’s University, Kingston, Canada. 1851 Exhibition Scholar, 
1924 — from Canada. (Signed by) Arthur Lapworth, R. Robinson, J. Kalff. 

Morn, Hugh Clouston, 7, Craigielea St., Dennistoun, Glasgow. British. 
Chemist. Bachelor of Science (Applied Chemistry), Glasgow University. 
Associate of the Institute of Chemistry. Presently employed as Chemist 
by Wm. Beattie, Ltd., Dennistoun Bakery, 116, Paton St., Glasgow. (Signed 
by) G. G. Henderson, T. S. Patterson, S. Horwood Tucker. 

Morton, Richard Alan, 2, Lumley Street, Garston, Liverpool. British. 
Uidversity Lecturer (Inorganic Chemistry). B.Sc., Ph.D. (Liv.), A.I.C. 
Several papers, J.C.S,, Jour . Phys. Chem . (Signed by) E. C. C. Baly, Harold 
Rogerson, I. M. Heilbron. 


Frederick Wilson, Hill Crest, Villa Road, Nottingham. British. 
€|ieamst and Druggist. Member of the Pharmaceutical Society. Chemist 
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in charge of the Laboratories of Messrs. Newball & Mason, Ltd., Nottingham* 
and a director of the firm. Late student of the University College, Notting- 
ham, where I studied Chemistry and Pharmacy, also Industrial Bacteriology. 
(Signed by) F. S. Kipping, J. B. Firth, F. C. Laxton, Wm. H. Sims. 

Myles, Andrew Joseph, 12, Gardner Bd., Tue Brook, Liverpool. British. 
Works Manager and Chemist. 20 Years 5 experience in Tar Distillation and 
research work on Koads Compositions. Have written and read papers on 
treatment of and construction of modem road surfaces. Designed a visco- 
meter for tar and bituminous compositions. (Signed by) George Tate, George 
S. Irvine, Thomas J. Boberts. 

Nash, Alfred William, 18, Prospect Bd., Moseley, Birmingham. British.. 
Professor of Oil Engineering and Refilling. B.Sc. degree for original researches 
on the “ Pyrogenesis of Hydrocarbons. 55 “ The Berginisation of Coal and 
Oil, 55 author, Joum . Inst . Pet, Technologists , Vol. 10, 43. “ Fuel Oil Besources 
of the Future, 55 joint author, Joum . Inst. Pet . Tech ., Vol. 10, 47. “ Somerset 
Oil-shales, 55 joint author, Joum . Inst. Pet. Tech., Vol. 10, 47. 1907-22, 
engaged in Oil Befineries— eventually General Manager. 1922— present, 
Birmingham University, Senior Lecturer, afterwards Professor. (Signed by) 
G. T. Morgan, A. E. Dunstan, Harold Harris. 

Oakley, Henry Bowen, Wellcome Tropical Beseareh Laboratories, 
Khartoum, Sudan. British. Assistant Government Beseareh Chemist. 
Diploma of Imperial College. M.Sc. London. A.B.C.S. London. In con- 
junction with Prof. J. C. Philip, J.C.S., 1924, 123, 1189. (Signed by) A. F. 
Joseph, James C. Philip, M. B. Donald. 

Palmer, Edgar Kent, Bose Bank, Victoria Bd., Hale, Altrincham. 
British. Post-graduate research. Oct. 1919-July 1923, Student at College 
of Te chn ology, Manchester, in full-time degree course in the Chemical 
Technology of Textiles. July 1923, Grad. B.Sc.Tech. June 1924, Beseareh 
under Prof. E. Kn echt, Ph.D., and at present the same. (Signed by) Frank 
Lee Pyman, Edm un d Knecht, John K. Wood. 

Pomerantz, David, 15, Nottingham Place, Commercial Bd., E. 1. British. 
Student. Inter B.Sc. Two years at Boyal College of Science for the 3 years 
necessary for the associateship (Chemistry). Am now doing the honours 
course at West Ham M. C. (Signed by) H. Bogdanor, George Dean, R. S. 
Glennie. 

Rawlings, Harry, 15, Station Boad, Ramsey, Huntingdon. British. 
Science master (Chemistry). B,Sc. Lond., 2nd Hons. Chemistry, 1921* 
Assistant Analyst, Messrs. Boots Pure Drug Co., Ltd., 1915—17. Unpub- 
lished research on organic derivs. of tin, under Prof. Kipping at Univ. ColL, 
Nottingham, 1921 and early 1922. Chemistry student at Univ. ColL, Notting- 
ham, 1917 and 1919-22. Am at present working for M.Sc. (Lond.) [May 
1925], and desire access to the Library of the Society. (Signed by) F. S. 
Kipping, E. B. R. Prideaux, J. B. Firth. 

Reed, John Brent, 49, St. Mildred ? s Bd., London, S.E. 12. British, 
Assistant Research Chemist in the Research Laboratories of the South Metro- 
politan Gas Coy. Bachelor of Science, London. Associate of the Institute 
of Chemistry of Gt. Britain and Ireland. Student at Birkbeck College for 
the degree of Doctor of Philosophy. (Signed by) George Senter, S. Sugden, 
Walter T. J, Morgan, S. Medsforth. 

Rhodes, William George, Park View, 318, Granville Bd. Park, Sheffield. 
English. Senior Science Master, Firth Park Secondary School, Sheffield* 
(Signed by) C. K. Ingold, John Evans, A. S. Bussell. 

Robertson, George James, M.A., B.Sc., Ph.D., The Manse, Strathkinness, 
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St. Andrews, "Fife. British. Assistant in Chemistry and Carnegie Teaching 
Fellow in the University of St. Andrews. A thesis entitled “ Investigations 
on Cellulose.’* Conjoint paper read by Principal Irvine before the American 
Chemical Society. [Signed by) J. C. Irvine, John Bead, G. M’Owan. 

Salmon, Robert Joseph, C.M.S. Medical Training College, Hangchow, 
Chekiang, China. British. Lecturer in Chemistry, Medical Training College, 
Hangchow. M.Sc. Manchester. ( Signed by) Arthur Lapworth, Frederick 
Challenger, John F. Wilkinson, Harold Mastin, D. H. Bangham, Fred Fair- 
brother. 

Shepherd, John Robert, Lady Hall Farm, Broughton-in-Furness, Lancs. 
British, Chemist. M.Se. (London) in Chemistry. A.I.C. (Signed by) 
Bobert H. Pickard, J, Kenyon, J. L. White, A. Houssa, Harold Hunter. 

Singh, Terrain, alias Prem Chandra Sharma, Engineering College 
Hostel, Benares Hindu University. Indian. M.Sc. Demonstrator in the 
Department of Industrial Chemistry of B.H.U. M.Sc. of the Benares Hindu 
University with a thesis on “ The Effect of the Size of the Soil-particles and 
Electrolytes on the Equilibrium of Moisture between the Seed and the Soil.” 
(Signed by) Phuldeo Sahay Varma, S. S. Bhatnagar, N. B. Dhar. 

Smith, Alan Lawrence, Bank House, 22, Dean St., Blackpool. British. 
Trans. Chem. Soc ., 1923, 123, 1046-1055, “ The Interaction of Hydrogen 
Sulphide, Thiocyanogen and Thiocyanic Acid on Unsaturated Compounds.” 
M.Sc., Victoria University. (Signed by) Henry Stephens, Frederick Challenger, 
F. P. Burt, D. H. Bangham, Fred Fairbrother, John F. Wilkinson. 

Thorn, George, Grove House, Beechen Grove, Watford. British. 
Science Master, Boys’ County School, Harrow. B.Sc. (Bristol). (Signed by) 
F. Francis, J. W. McBain, F. W. Bixon. 

Townsend, Leonard William Ernest, 35, Harewood Bd., Collier’s 
Wood, Merton, S.W. 19. British. Assistant Chemist at the South Metro- 
politan Gas Co., 709, Old Kent Rd., S.E. Student, five years’ laboratory 
training. (Signed by) S. Medsforth, E. de Barry Barnett, P. C. L. Thorne. 

Walker, Leslie John, 45, Devereux Boad, Wandsworth Common, S.W. 18. 
British. Student at the School of Pharmacy of the Pharmaceutical Society 
of Gt. Britain, 17, Bloomsbury Sq., W.C. 1. Pharmacist, have passed 
Qualifying Exam, of Pharmaceutical Society of Gt. Britain. Chemistry is 
included in this Exam., and it is my intention to continue studies in same. 
At present studying for Major Exam, of Pharmaceutical Society. (Signed by) 
C. E. Corfield, F. Browne, F. H. Lowe. 

Walker, Thomas Kennedy, 4, Swythamley Road, Cheadle Heath, Stock- 
port. British. Research Chemist to the Institute of Brewing, Research 
Scheme Committee. Degrees : M.Sc., Ph.D., Victoria University of Man- 
chester. Fellow of the Institute of Chemistry. Two years’ research for the 
Admiralty, and for two years as Assistant Chemist to Sir B. Robertson, 
F.R.S., in the Research Department, Royal Arsenal, Woolwich. Three 
years’ research in Organic Chemistry with Professor A. Lapworth, F.B.S., 
at Manchester University. For the past three years I have been assisting 
Professor F. L. Pyman, F.B.S., in investigations on the preservative prin- 
ciples of hops under the Institute of Brewing Research Scheme. Publications : 
“ Preparation of Sodium Ethoxide from Caustic Soda ” (Joum, Soc . Chem. 
Jnd* 9 1921, 40 , 172t) ; “Condensation of Aryldiazonium Salts with Mono- 
alkylated Malonic Acids ” («7., 1923, 123, 2775); “ Condensation of Aryl- 
diazonium Salts and of Alkyl Nitrites with Cyanoacetie Acid Derivatives ” 
1924, 226, 1622) ; five other papers dealing with the antiseptics of hops, 
tht wbieh one was published jointly with Professor Pyman and Harold Roger- 
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son. Esq. (Joum. Inst . Brew., 1922, 19, 929; 1923, 20, 373; 1924, 21, 570, 
712). (j Signed by) Frank Lee Pyman, Fredk. M. Howe, Jas. Grant. 

Waters, William Alexander, 35, Shirley Road, Cardiff. British. 
Research Student in Chemistry (Resident BA. of Gonville and Caius College, 
Cambridge). Cambridge Natural Sciences Tripos, Part I, Class I, Cam- 
bridge Natural Sciences Tripos, Part H (Chemistry), Class I. Shuttleworth 
Research Studentship in Chemistry at Caius College, Cambridge. (Signed by) 
Hamilton MeCombie, Harold A. Scarborough, Eric K. Rideal. 

Watson, James Bernard, 30, Mulgrave Road, West Hartlepool. British. 
Metallurgical Chemist. Four years in the laboratory of the Technical College, 
West Hartlepool. Seven years as chemist in the Chemical and Metallurgical 
laboratory of the Central Marine Engine Works, West Hartlepool. (Signed by) 
J. W. Patterson, Gilbert Palmer, D. Arthur Buell. 

Watjcs, Ernest Swann, “ Eaglesfield,” Limefield Road, Kersal, Man- 
chester. British. Chief Chemist, E. Griffiths Hughes, Ltd., Manchester. 
Qualifying Examination of the Pharmaceutical Society of Great Britain. 
(Signed by) S. Ernest Melling, Harry Brindle, Chas. Turner. 

Whamond, Archibald Steele, 22, Church St., Alloa, Clackmannanshire. 
British. Analytical Chemist. Studied Chemistry at Heriot Watt College, 
Edinburgh, Day and Evening Classes, 1911-1914. March 1914~Nov. 1923, 
Assistant Chemist, Messrs. Wm. McEwan & Co., Ltd., Edinburgh (Army 
Service, Sept. 1914-Jan. 1919). Nov. 1923-present time. Chief Chemist, 
Messrs. Geo. Younger & Son, Ltd., Alloa, (Signed by) John M. Guthrie, 
A. Scott Dodd, John Doull. 

Woodcock, Edwin John, “ Stonecot,” Claremont Hill, Jersey, C.I. 
British. Assistant Official Analyst. For the past 28 years Assistant to 
F. W, Toms, Esq., F.I.C., Official Analyst of Jersey, namely, the first five 
years as private assistant and since then as senior assistant analyst to the 
States of Jersey. (Signed by) F. W. Toms, Bernard Dyer, Alex. K. Miller, 
F. G. P. Remfry, G. Neville Huntly, R. Le Rossignol. 

Worthington, John Stanley, 27, Rowena St., Great Lever, Bolton. 
British. Works Chemist. Experience in manufacture of Heavy Chemicals 
at Messrs, John Smith Junr. & Co., Ltd., Great Lever Chemical Works, 
Bolton, since 1908. Student in Advanced Chemical Tech, at Manchester 
College of Technology. At present have control of large Sulphuric Acid 
Plant. (Signed by) Arthur Worthington, Frank Lee Pyman, T. Trevor 
Potts. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 

Bell, James Munsie, Dept, of Chemistry, Univ. of North Carolina, Chapel 
Hill, N.C., U.S.A. Canadian. Professor of Chemistry. Head of Chemical 
Department, University of N. Carolina. Formerly in Bureau of Mines, 
Washington, D.C., U.S.A. Numerous original publications, chiefly in the 
Journal of the American Chemical Society . (Signed by) James W. McBain. 

Cameron, John, Peking Union Medical College, Peking, Chihli, North 
China. British (Scotch). Pharmacist to the above-named institution. 
Member of the Pharmaceutical Society of Great Britain. Publications as 
per attached list to date (17 articles}. Instructor in Pharmacy in British 
Army in France, 1917-18. Lecturer in Pharmacy and Materia Medica in 
Peking Union Medical College, 1929-25, {Signed by) A. E, Newland. 

McIntyre, Gordon, Sarnia, Ontario, Canada. Canadian. Chemist and 
Petroleum Technologist. Graduate McGill University, B.Sc., Ch.E. Chief 
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Chemist, Imperial Oil Refineries, Limited. (Signed by) Alfred Stansfield, 
Harold J. Roast. 

Thomas, Professor Kabl, M.D., Leipzig, Liebig str. 16. German. Pro- 
fessor ordinar. fur physiologische Chemie an der Universitat, Leipzig, seit 
1921. Mitarbeiter von Hoppe-Seylers Zeitschrift fur physiologische Chemie 
(herausgegeben v. Kossel) und der Biochemischen Zeitschrift (herausgegeben 
von Neuberg). Schuler von W. Wislicenus, H. Thierfelder und Max Rubner, 
Mitglied der Biochemical Society. (Signed by) George Barger, Robert 
Robinson. 


ADDITIONS TO THE LIBRARY. 

I. Donations . 

Duparc, Loins, and Basadonna, M. Manuel thAorique et 
pratique d’analyse volumAtrique. 2nd edition. By Louis Dxjparc 
and Paul Wenger. Paris 1925. pp. 214. ill. 18/r. (Heed. 
18/3/25.) From the Publisher : M. Payot. 

Franzen, Hans. Margarine. (Chem. Tech, in Einzeldarstel- 
lungen.) Leipzig 1925. pp. viii + 100. ill. 6m . 10. (Heed. 
31/3/25.) From the Publisher : Herr Otto Spamer. 

Industrial Chemist and chemical manufacturer: a journal 
devoted to the progress of applied chemistry and chemical engineer- 
ing. Vol. I, etc. London 1925 +. (Reference.) 

From the Publishers : The St. Margaret's Technical Press. 

Konigiich Preussischen Akademte der Wissenschaeten zu 
Berlin. Monatsberichte 1876 & 1881. Berlin 1877 & 1882. 
(Reference.) From the Royal Society. 

Lunge, George. The manufacture of acids and alkalis. Com- 
pletely revised and rewritten under the editorship of Alexander 
Charles Gumming. Vol. IV. The manufacture of sulphuric acid 
(contact process). By Frank Douglas Miles. London 1925. 
pp. xvi -f 428. ill. 36$, net. (. Reference .) 

From the Publishers ; Messrs. Gurney & Jackson. 

Royal Technical College, [Glasgow]. Journal: being a 
record of some of the research work carried out in the College by 
the staff and senior students. No. 1. Glasgow 1924. pp* 138. 
ill. (. Reference .) From the Director. 

Thorpe, Jocelyn Field, and Whiteley, Martha Annie. A 
student’s manual of organic chemical analysis, qualitative and 
quantitative. London 1925. pp. x + 250. ill. 9$. net. (Reed. 
19/3/25.) From the Authors. 

H. By Purchase. 

American Engineering Council. Industrial coal: purchase, 
delivery, and storage. New York 1924. pp. x + 420. ill* 21$. 
:'.(^;l'7/8/25.) 

^ANDiSi Louis Edgar. Vegetable fats and oils : their practical 
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preparation, purification, properties, adulteration, and examination. 
4th revised and enlarged English edition. By Herbert Birt- 
whistle Stocks. London 1925. pp. viii + 413. ill. 15$. net. 
(Reed. 17/3/25.) 

Back, E., and Lanbe, A. Zeemaneffekt und Multiplettstniktur 
der Spektrallinien. (Struktur der Materie in Einzeldarstellungen.) 
Berlin 1925. pp. xii + 214. i 11. M . 14<40. (. Reed .. 8/4/25.) 

Bassett, Henry. The theory of quantitative analysis and its 
practical application. London 1925. pp. x + 308. 15$. net. 
(Reed. 25/3/25.) 

Blake, Ernest G. The seasoning and preservation of timber. 
London 1924. pp. xiv + 132. ill. 9$. 6d. net. (Seed. 17/3/25.) 

Bohr, Niels. The theory of spectra and atomic constitution. 
2nd edition. Cambridge 1924. pp. x + 138. ill. 7$. M. net. 
(. Reed . 25/3/25.) 

Born, Max, assisted by Friedrich Hund. Vorlesungen uber 
Atommechanik. Vol. I. (Struktur der Materie in Einzeldarstel- 
lungen.) Berlin 1925. pp. x + 358. M. 15. (Reed. 8/4/25.) 

Cohen, Julius Berend. Practical organic chemistry. 3rd 
edition. London 1924. pp. xvi + 520. ill. 6$. 6d. net. (Reed. 
25/3/25.) 

Field, Samuel, and Bonney, Samuel Robert. The chemical 
coloring of metals and allied processes. London 1925. pp. xx + 
264. ill. 10$. 6d, net. (Reed. 25/3/25.) 

Fitgek, Peter. Racemisierungserscheinungen bei optisch- 
aktiven Sulfidsauxen. Lund 1924. pp. 134. MA. (Reed. 
31/3/25.) 

Fourneau, Ernest. Organic medicaments and their prepar- 
ation. Authorised translation by William Arthur Silvester. 
London 1925. pp. x + 262. ill. 15$. net. ( Reed . 17 /3/25.) 

Gooch, Frank Austin, and Browning, Phhjp Embury. Out- 
lines of qualitative chemical analysis. 6th edition. New York 
1924. pp* viii + 184. ill. 7s.6d.net (Reed. 25/3/25.) 

Hodkin, Frederick William, and Cousen, Arnold. A text* 
book of glass technology. London 1925. pp. xxiv + 552. 21. 
42$. net. (Reed. 17/3/25.) 

Hoeman, Heinrich Oscar. Metallurgy of copper. 2nd edition. 
Revised by Carle R. Hayward. New York 1924. pp. xiv + 
420. ill. 25$. net. (Reed. 25/3/25.) 

Lambert, Thomas. Bone products and manures : a treatise on 
the manufacture of fat, glue, animal charcoal, size, gelatin, and 
manures. 3rd edition, revised and enlarged by Herbert Birt- 
: whistle Stocks. London^ 1925. pp. viii + 284. ill. 10$. 6d. 
net (Reed. 25/3/25.) 
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Loeb, Jacques. Regeneration from a physico-chemical view- 
point. New York 1924. pp. xii + 144. 21* 10*. net. (. Reed 
17/3/25.) 

Lucas, Alfred. Antiques : their restoration and preservation. 
London 1924. pp. viii + 136. 6s. net. {Reed. 25/3/25.) 

Nugey, A. L. Oil refinery specifications. Easton, Pa. 1924. 
pp. x + 210. ill. 25s. net. {Reed. 17/3/25.) 

Partin gton, James Riddick. A text-book of inorganic chem- 
istry for university students. 2iid edition, London 1925. pp. 
xii + 1068. ill. 25s. net. (Recd^ 25/3/25.) 

Pulsieer, H. B. Structural metallography : an illustrated text 
with laboratory directions for students. Easton, Pa. 1924. pp. 
viii -f 210. ill. 17s. 6d. net. {Reed. 17/3/25.) 

Rector, Thomas M. Scientific preservation of food. New 
York 1925. pp. xii + 214. 10s. net. (. Reed . 17/3/25.) 

Reid, Ebenezer Emmet. Introduction to organic research. 
[New York 1924.] pp. viii + 344. 24 s. net. {Reed. 6/4/25.) 

Rinne, Friedrich. Crystals and the fine-structure of matter. 
Translated by Walter S. Stiles. London 1924. pp. x + 196. 
ill. 10s. 6*. net. (Reed. 17/3/25.) 

Stillman, John Maxson, The story of early chemistry. New 
York 1924. pp. xiv + 566. 18s. net. (Reed. 25/3/25.) 

Thresh, John Clough, and Beale, John Foster. The examin- 
ation of waters and water supplies. 3rd edition. London 1925. 
pp. xiv + 590. ill. 25s. net. {Reed. 17/3/25.) 

III. Pamphlets. 

Board of Agriculture and Fisheries. Statutory rules and 
orders, 1908, No, 964. Adulterations. Fertilisers and feeding stuffs. 
The fertilisers and feeding stuffs (methods of analysis) regulations, 
1908. London 1908. pp. 9. 

Grun, Richard. Die Einwirkung des Sulfidgehaltes auf die 
Eigenschaften von Hochofensehlacken und Hiittenzementen. 
(From Stahl und Risen, 1925, 45.) 

Harold, Charles Henry Hasler, and Ward, Arthur Rokeby. 
Report on experimental work carried out at the Army School of 
Hygiene to demonstrate that chlorine gas in association with 
ammonia gas is a more efficient sterilizer of water than chlorine 
g m used alone or chloros or bleaching powder. (From the J. Roy . 
Army M ed. Corps, 1924, 41.) 

Joserh, Alfred Francis, Martin, Frederick John, and 
Hancock, J. S. The electrical method for determining soil alkali. 
(From the Gairo Sei. J., 1924, 12.) 



PROCEEDINGS 

OB’ THB 

CHEMICAL SOCIETY. 

% 

. Ordinary Scientific Meeting, Thursday, May 7th, 1925, at 8 p.m., 
Professor J. C. Phtltp, O.B.E., D.Sc., F.R.S., Vice-President, in 
the Chair. 

The Chairman referred to the loss 'sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

June 20th, 1889. Jan. 29th. 

Dec. 2nd, 1875. April 12th. 

Feb. 7th, 1878. April 23rd. . 

May 4th, 1876. April 19th. 

Dec. 4th, 1890, April 3rd. 

The Chairman announced : 

I. That the following address of congratulation had been sealed 
and would be presented to the Royal University of Pavia on the 
occasion of the Centenary Celebrations of that University which 
were being held from May 20th to 22nd, 1925 : 

To the Sector , Senate , Professors , and Alumni 
of the Moyal University of Pavia 
from The Chemical Society. 

The Chemical Society sends cordial greetings and felicitations 
to the illustrious University of Pavia on the completion of no less 
than eleven centuries of high service to mankind. 

As representatives of a Science rooted in antiquity, we gratefully 
acknowledge the debt we owe to the members of your University 
who throughout the ages preserved ancient learning and extended 
the boundaries of knowledge, giving to us our heritage. We do 
not forget that the celebrated Lanfranc, one of your earliest and 
greatest teachers, carried the torch of learning to our country as 
Archbishop of Canterbury. Since her foundation the University 
of Pavia has given to the world many men distinguished for learning 


Edward Wightman Beil... 

Arthur Boake 

William Dugdale Harland 
Sir David L. Salomons ... 
Georg© Young 
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and science — Alexander Volta, "who pointed out new paths which 
now we follow, Camillus Golgi, the great neurologist, and many 
others whose genius we gratefully acknowledge. 

We join with those who will be hastening from all parts of the 
world to lay before you their tribute of praise, and we hope that 
in the future renewed prosperity will be added to your illustrious 
past. 

Signed on behalf of the Chemical Society. 

Arthur W. Cbossley, President . 

Jocelyn Thobpe, Treasurer . 

T, Slateb Pbice ,] secretaries. 

C. S. Gibson, J 
F. G. Donnan, Foreign Secretary . 


Sealed this Seventh day of May, One Thousand Nine Hundred 
and Twenty Five. 

• 2. That a copy of the works of the late Walthere Spring had been 
presented to the Library by the Belgian Chemical Society, and that 
this volume can be purchased from Monsieur J. Wauters, Secretaire, 
Society Chimique de Belgique, 83, Hue Souveraine, Brussels, price 
40 francs, post free. 

The following were formally admitted Fellows of the Chemical 
Society : Alan D. Whitehead, Stuart R. Parsons, Leslie S. Theobald, 
J. F. J. Rule, and A. H. B. Bishop. 

Certificates were read for the first time in favour of : 

Mating Hla Baw, K-l, 64th Street, Danneedaw, Bangoon. 

Joseph John Blaekie, c/o Messrs. Duncan, Elockhart & Co., 104, Holyrood 
Hoad, Edinburgh. 

Samuel Cyril Blaektin, M.Se., 173, EcclesaU Boad South, Sheffield. 

Nirmal Boran Brohmachary, B.Sc., Ghugudanga-Bost, 24, Porganas, Calcutta. 
Gertrude Margaret Bullick, B.Sc., 43, Belsize Park, Hampstead, N.W. 3. 
Balph Edgar Cable, Queen’s Gardens, Hong Kong. 

Leslie Marshall Clark, B.A., Ph.D., A.I.C., 38, Park Boad, Hampton Wick* 
Clive Kear Colwell, BA.., Ormesty, Great North Boad, N. 2. 

Jan Coops, 25, Sireelinckplein, The Hague, Holland. 

William George Corderoy, B.Sc., 35, Century Boad, Walthamstow, E. 17. 
Oswald Pilkington Cronshaw, 141, Blackburn Boad, Great Harwood, Black- 
bum. 

John Alexander Currie, B.A., B.Sc., 44, Phillimore Gardens, W. 8. 

Thomas Dillon, University College, Galway. 

Octave Charles Marie Dony, 30, Bue Emile Banning, Brussels. 

William Edward Gibbs, D.Se., 4, Stanley Villas, Buneora. 

Ernest Hartshome, B.Sc.Teeh., 12, Muriel Street, Broughton. 

Arthur Harvey, 12, Chaldon Boad, Fulham, S.JW. 6. 

Charles Bichard Hennings, Ph.D., 19, St. Dunstan’s Hill, E.C. 3. 

Noel Waterm&a Vere Jones, Eastnook, Pakefield, Lowestoft. 

William Linch, M.Sc., E.I.C., 89, Hazelbottom Boad, Cheetham, 
r Manchester. 



75 


Charles LIpshaw, 48, Lower Broughton Road, Salford, 

Janies Arthur Prescott, The University, Adelaide, 

Malik Karam Singh, B.Sc., Rawalpindi City, India. 

Norman Heath Smith, B.Sc., Anglo-Persian Oil Co., Ltd., Abadan. 

John Thurgood, B.Sc., Roseleigh, Elmwood Avenue, Harrow* 

Shojiro Uchida, 12, Shinryudo-Machi, Azabu-Ku, Tokio. 

John Henry Walker, A.I.C., Gourepore Works, Naihati, E.B.Ry., Bengal. 

Messrs. H. Burton and J. 1ST. Sugden were elected Scrutators, 
and a ballot for the election of Fellows was held, the following 
subsequently being declared elected as Fellows : 


James Munsie Bell. 

Niels Janniksen Bjerrum. 

Archibald Beresford Blunsden. 
Geoffrey Alger Blyde. 

Thomas Henry Bowles. 

William Harrison Brindley, M.C., 
MA, M.Sc.Tech., A.I.C. 

James Lindsay Buchan, B.Sc. 

Prank Henry Charles Bull, B.Sc., 
A.I.C. 

John Alfred Valentine Butler, M.Sc. 
Annie Lavinia Byford, B.Sc. 

John Cameron. 

James Herbert Clegg. 

Horace Cecil Cockroft, B.Sc., A.I.C. 
Francis Xavier Coyne. 

James Craik, MA, B.Sc., Ph.D. 
Herbert Greetham Dane, M.Sc. 
Harry Dean. 

Margaret Stedman Leonora Dixon. 
Robin George Westbury Famell, 
A.R.C.S., A.I.C. 

Irvine John Faulkner. 

Thomas Flett, B.Sc., A.I.C. 

Thomas James Elijah Gardner. 
Richard Randolph Garran, B.Sc. 
John Charles Giblin, B.Sc., A J.C. 
Helen Simpson Gilchrist, B.Sc., Ph.D. 
Isabel Hodgson Hadfield, M.Sc. 
James Francis Halpin, F.I.C. 

Donald Hanson. 

Thomas Haworth. 

John Stanley Heaton, B.Sc., PhD. 
John Cyril Hensman, M.A., A.I.C. 
Joseph Hill. 

Frederick Denison Maurice Hocking, 
M.Sc., A J.C. 

Jim Hoyle. 

Horace William Hughes, B.Sc, 
Joseph Taylor Jackson, B.Sc, 


David Bret Jehu, M.Sc., A.I.C. 
William Jobson. 

Clifford Merton Jones, B.Sc. 

Thomas William Jones, B.Sc. 

John Keane, M.Se., Ph.D. 

Alfred Lucy. 

Ernest Edward Mabhott, B.Sc. 

David McDowall. 

Gordon McIntyre, B.Sc., ChJE. 
Richard H. F. Manske, M.Sc. 

Hugh Clouston Moir, B.Sc., A.I.C. 
Richard Alan Morton, B.Sc., Ph.D., 
A.I.C. 

Frederick Wilson Moulds. 

Andrew Joseph Myles. 

Alfred William Nash, B.Sc, 

Henry Bowen Oakley, M.Sc., A.R.C.S. 
Edgar Kent Palmer, B.Se.Tech. 
David Pomerantz. 

Harry Rawlings, B.Sc, 

John Brent Reed, B.Sc,, A J.C. 
William George Rhodes. 

George James Robertson, M.A., B.Sc., 
Ph.D. 

Robert Joseph Salmon, M.Sc. 

Prem Chandra Sharma, M.Sc. 

John Robert Shepherd, M.Sc., A.I.C. 
Alan Lawrence Smith, M.Sc. 

Karl Thomas, M.D. 

George Thorn, B.Sc. 

Leonard William Ernest Townsend. 
Leslie John Walker. > 

Thomas Kennedy Walker, M.Sc., 
PhD., F.I.C. 

William Alexander Waters, BAl. 
James Bernard Watson. 

Ernest Swann Watts. 

Archibald Steele Whamond. 

Edwin John Woodcock. 

John Stanley Worthington. 
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The following papers were read : 

“ The tautomerism of dyads. Part III. The effect of the triple 
linking on the reactivity of neighbouring atoms.” By Mrs. 
E. H. Ingold. 

“ The rotatory dispersive power of organic compounds. Part XVI. 
Halogen-derivatives of camphor.” By J. 0. Ctjttbr, H. 
Burgess, and T. M. Lowry. 

“ The isomerism of the oximes. Part XXII. The configuration 
of the aldoximes.” By 0. L. Brady and G. Bishop. 

“ The parachor and chemical constitution. Part I. Polar and 
non-polar valencies in unsaturated compounds.” By S. Sugden, 
J. B. Read, and H. Wilkins. 

“ The tautomerism of dyads. Part IV. New evidence of the 
tautomeric mobility of oximes.” By J. P. Griffiths and 
C. 3L Ingold. 

Ordinary Scientific Meeting, Thursday, May 21st, 1925, at 8 p.nn, 
Professor W. P. Wynne, D.Sc., F.R.S., Vice-President, In the Chair. 

The Chairman referred to the loss sustained by the Society, 
through death, of the following : 

Elected. Died. 

Albin Haller (Honorary Fellow) Feb. 6th, 1908. May 1st. 

Samuel Henry Davies Feb. 15th, 1894. May 9th. 

J ohn MyJne Mullaly May 4th, 1922. May 4th. 

It was also announced that the Celebration of the Centenary 
of Faraday's discovery of benzene, which is being arranged by 
the Royal Institution in association with the Chemical Society, 
the Society of Chemical Industry, and the Association of British 
Chemical Manufacturers, will take place at the Royal Institution 
on Tuesday, June 16th, 1925. In the morning, at eleven o’clock, 
there will be a reception by the Duke of Northumberland of English 
and foreign delegates, and several short addresses will be delivered 
commemorative of Faraday’s chemical work. In the evening, a 
banquet will be held in the Goldsmiths’ Hall, the price of the tickets 
being £2 2s. each, including wine. Application for tickets for the 
reception and for the banquet, which are limited in number, should 
be made to the Secretary, The Royal Institution, Albemarle Street, 
W.l. 

Mi*. H. G. Dane was formally admitted a Fellow of the Chemical 
Society. 

Certificates were read for the first time in favour of : 

Marioa Alice Battie, B.Sc., A.I.C., The Orchard, Ivy Lane, Woking. 

W2Eam Ambler Berry, B.Sc., 19, Blakeney Road, Sheffield. 
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Thomas Anthony Canning, Crindau Gas Works, Newport, Mon. 

John Carroll Culbert, 172, North Road, Belfast. 

Alexander John Bey, F.R.S.E., Rothiemay, Corstorphine, Edinburgh. 
Stanley James F eatherston, 33, Belmont Hoad, Becke nham . 

James Hindle, 4, Plane Street, Blackburn. 

Thomas Moore, B.Sc., 8, Cyprus Avenue, Belfast. 

Alexander John Morrison, Testing Branch, Public Works Department, 
Sydney, N.S.W. 

Frank Richard Morrison, Brae Street, Waveriey, Sydney, N.S.W. 

Ernest Charles Padgham, 30, Churchill Road, N.W. 2. 

John Monteath Robertson, B.Sc., A.I.C., The Chemistry Department, The 
University, Glasgow* 

Ernest Henry Warren, B.A., 1, Chamber’s Lane, Willesden Green, N.W. 10. 
James Watt, F.R.S.E., Craiglockhart House, Slateford, Edinburgh. 

William John Willis, Hazel Mount, Camforth. 

The folio-wing Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) ; 

Howard Ecker, 1510, Dana Avenue, Cincinnati, Ohio, U.S.A. 

William Beesley, Binnyston Gardens, Bangalore, India. 

Alexander Smith, P.O. Box 103, Nairobi, Kenya Colony. 

The following papers were read : 

4 4 The rotatory dispersion of derivatives of tartaric acid. Part II. 

Acetyl derivatives.” By P. C. Austin and J. B. Pabk. 

44 The stability of additive compounds between esters and acids.” 

By J. Kendall and J. E. Booge. 

44 Additive compounds in the ternary system; acid-ester-water.” 
By J. Kendall and C. V. King. 

44 A spectroscopic study of the combustion of phosphorus trioxide 
and of phosphine.” By H. J. Emeleus. 

44 The nature of the alternating effect in carbon chains. Part UL 
A comparative study of the directive efficiencies of oxygen and 
nitrogen atoms in aromatic substitution.” By E. L. Holmes 
and C. K. Ingolb. 


LIST OF FELLOWS, 1925. 

It has been decided to print the List of Fellows for 1925 and 
to supply the List to those Fellows who make apphcation to the 
Assistant Secretary by the 31st July, 1925. 


BERICHTE, 1915 to 1924. 

Sets of the Berichte from 1915 to 1924 (10 years) are now offered 
to Fellows of the Society at £22, carriage extra. Apphcation should 
he made to Mr. S. E. Carr. 
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List of Papers, or Abstracts thereof, received between April 3rd 
and May 21st, 1925. (This List does not include the titles of papers 
which have been read at a Scientific Meeting, or which have 
appeared in the Journal.) 

<e The ionisation of aromatic nitro-compounds in liquid ammonia.” 

By M. J. Field, W. E. Garner, and C. C. Smith. 

“ a-Aeenaphthoquinoline.” By J. Stewart, 

44 Alcohols of the hydroaromatic and terpene series. Part IV. 
a- and p-Fenchyl alcohols and some* esters derived there- 
from. 55 By J. Kenyon and H. E. M. Pristqn. 

“ Perkin’s reaction.” By T. Hopkins. 

44 Action of zinc alkyl halides on nitric esters.” By T. Hopkins. 
“Polynuclear heterocyclic aromatic types. Part H. Some an- 
hydronium bases.” By J. W. Armit and R. Robinson. 

<e P-Piperonylpropionitrile and some derived substances. 5 5 By 
W. Baker and R, Robinson. 

“ The melting points of benzene derivatives.” By T. Beacall. 

“ Nitrosation of phenols. Part II. 3-Bromo-, 2-bromo-, 3-iodo-, 
and 2-iodo-phenols, with evidence favouring the nitroso form 
for 4-nitroso phenol.” By H. H. Hodgson and F. H. Moore, 
“ The Kekule formula for benzene and the existence of isomeric 
ortho disubstitution products.” By H. H. Hodgson and 
J. H. Wilson. 

“A new method of diagnosing potential optical activity. Part I. 
The optical activity of chlorobromomethanesulphonie acid.” 
By J. Read and A. M, McMath. 

“ The carboxy-phenyl camphoramic acids.” By M. Singh and 
R. Singh. 

u A simplified method of micro-combustion : the micro-Dennstedt 
method.” By C. Funk and S. Kon. 

“ Interfacial tension.” By J. R. Pound. 

“ Low temperature oxidation at charcoal surfaces. Part I. The 
behaviour of charcoal in the absence of promoters.” By E. K. 
Rideal and W. M. Wright. 

“ Osmotic pressure by the solubility method in concentrated 
solutions.” By M. P. Applebey and P. G. Davies. 
“Synthetical experiments in the naphthyridine groups.” By 
J. M. Gulland and R. Robinson. 

“ CMorohenzothiazole dibromide . 55 By R. F. Hunter. 

Note on the action of sodium of chlorobenzothiazole.” By 
R. F. Hunter. 

“ Investigations into the analytical chemistry of tantalum, niobium, 
tod their mineral associates. Part IH. A new method for 



the separation of tantalum from niobium. Part IV. The 
detection and determination of tantalum in niobium com- 
pounds.” By A. R. Powell and W. B. Schoeller. 

“ The conditions underlying the formation of unsaturated and 
cyclic compounds from halogenated open-chain derivatives. 
Part VII. The influence of the phenyl group on the formation 
of the cycfopropene zing.” By W. Haerdi and J. F. Thorpe. 

“ Bapid determination of copper and iron in mixtures of their 
salts.” By A. S. Russell. 

ce The bro mina tion of 4 / -amino-l-phenyl-5-methyl benzothiazole 
and of 1 : 1-bisbenzothiazole.” By B. F. Hunter. 

<e Amino benzothiazoles. Part I. 1-Phenylamino benzothiazole 
and its homologues.” By B. F. Hunter. 

“ The directing influence of the methane sulphonyl group.” By 
R. F. Twist and S. Smiles. 

“ The dissociation constants of selenious acid.” By J. S. Willcox 
and E. B. B. Prideaux. 

“ The velocity of benzylation of certain amines. Part II.” By 
D. H. Peacock. 

“ Measurements of energy absorption of certain photo-chemical 
reactions with iodine.” By B. K. Mukerji and N. Dhar. 

<f The action of hydrogen peroxide on limonene.” By J. Sword. 

“Synthetical experiments in the isoquinoline group. Part I.” 
By B. D. Haworth and W. H. Perkin. 

“ Synthetical experiments in the isoquinoline group. Part II.” 
By B. D. Haworth, W. H. Perkin, and J. Rankin. 

“ Synthetical experiments in the isoquinoline group. Part III.* 
By B. D. Haworth and W. H. Perkin. 

“ Synthetical experiments in the isoq uinoline group. Part IV.” 
By B. D. Haworth and W. H. Perkin. 

“ Synthesis of ^-protoberberine and if/ -protopapa v erine . ’ ? By 
J. S. Buck, W, H. Perkin, and T. S. Stevens. 

c< Note on a laboratory method of preparing p-benzoquinone.’ * 
By R. Craven and W. A. T. Duncan. 

“ Hydroxybenzils.” By J. T. Marsh and H. Stephen. 

“ Researches on sulphuryl chloride. Part III. Influence of 
catalysts on the chlorination of toluene.” By 0. Silberrad, 
C. A. Silberrad, and B. Parke. 

“ The adsorption of water from the gas phase on plane surfaces 
of glass and platinum.” By I. R. McHaeeee and S. Lenher. 

“ The action of phosphorus pentachloride on 2 -isonitroso-1 -hy- 
drindones.” By B. D. Haworth and H. S. Pink. 

« Oxidation products of oleic acid. Part I. Conversion of oleic 
acid into dihydroxystearic acid and the determination of the 
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higher saturated acids in mixed acids from natural sources.” 
By A. Lapworth and E. N. Mottram. 

“ The spatial structure of c^cfoparaffins. Part I. A new aspect 

' of Mohr's theory and the isomerism of decahydronaphthalene.” 
By W. A. Wightman. 

tl The absorption spectra of the vapours of anthracene and anthra- 
quinone, phenanthxene, and phenanthraquinone, and other 
quinones,” By J. E. Purvis. 

“ Investigations on the dependence of rotatory power on chemical 
constitution. Part XXVII. Some esters of p-toluene-suh 
phonic and -sulphinic acids.” By H. Phillips. 

“ Oxidations in turpentine and olive oil.” By E. Walker. 

“ Colour and molecular geometry. Part IV. Explanation of the 
colours of the cyanine dyes,” By J. Mom. 

“ The surface tensions of aqueous phenol solutions. Part II. 
Activity and surface tension.” By A. K. Goard and E. K, 
RlDEAL. 

“Triad groups in complexes of octahedral symmetry.” By 
J. B. M. Smith. 

“ l^oquinoline derivatives. Part IX. Preparation and reduction 
of isoquinoline and its derivatives.” By R. Forsyth, C. I. 
Kelly, and F. L. Pyman. 

“ The nitration of m-meeonine.” By J. N. Ray and R. Robinson. 

“ Chenopodium oil. Part II. The hydrocarbon fraction,” By 
T. A. Henry and H. Paget, 

“ The amino-y-pyridones.” By W. H. Crowe. 

*“ Studies of the glucosides. Part III. The synthesis of thio- 
indican.” By J. Cbaik and A. K. Macbeth. 

“ The reduction of the bromoanthraquinones.” By E. be B. 
Barnett and J, W. Cook. 

“ The chlorination of acetanilide and the chloroamine-chloro- 
anilide transformation.” By F, G. Soper. 

“ The thermal decomposition of ozone.” By R. 0. Griffith and 
A. McKeown. 

“ Studies of electrolytic polarisation. Part III. The diffusion 
layer.” By S. Glasstone. 

“ Theories of polar and non-polar free affinities. A practical and 
theoretical reply to some recent criticisms and comparisons.” 
By G. N. Burkhardt and A. Lapworth, 

“ The reaction between sodium hypobromite and urea.” By 
M. B. Donald. 

“ Echitamine.” By J. A. Goodson and T. A. Henry. 

“ The preparation of phthalamic acids and their conversion into 
anthrenilic acids.” By E. Chapman and H. Stephen. 
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“An X-ray examination of maleic and fumarie acid.” By K. 

Yaedley. 

“ The estimation of arsenic in organic compounds.” By G. 

Newbury. 

“ The hromination of acyl derivatives of phenylhydrazine : the 
preparation of 2 : 4-dibromophenylhydrazine.” By J. E. 
Humphries and R. Evans. 

“ The system chromium trioxide-boric acid-water.” By L. F. 

Gilbert. 


CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, JUNE 18th, 
1925. 


Battle, Marion Alice, The Orchard, Ivy Lane, Woking, Surrey. British. 
Post-graduate student. B.Sc. Honours (Chemistry), Class II. Associate of 
the Institute of Chemistry. (Signed by) T. S. Moore, Mary Boyle, S. Smiles, 

Baw, Mating Hla, R-l, 64th Street, Danneedaw, Rangoon. Burmese. 
Analytical Chemist, Messrs. E. M. D’Souza & Co., Rangoon, and Science 
Master, St. John’s College, Rangoon. Passed the Intermediate Examination 
in Science of the Calcutta University in 1916, taking Chemistry, Physics, 
and Mathematics. Process Chemist (1916 to 1921) at the Seikkyi Refinery 
of Messrs. The Indo Burma Petroleum Co., Ltd.; and Process Chemist 
(1922) in the acid works of The Burma Chemical Industries, Ltd, Process 
Chemist (1923) with The Rangoon Pharmaceutical and Chemical Works, 
Rangoon. Since 1924 chemist in charge of the analytical laboratory of 
Messrs. E. M. D’Souza & Co., Rangoon, and Science Master, St. John’s 
College, Rangoon. (Signed by) Maung Tun Tin, Maung Ba, Maung Ba San. 

Berry, William Ambler, 19, Blakeney Rd., Sheffield. British. Research 
Student at University of Sheffield. B.Sc., Hons, Chem., 1924. Joint author 
with Dr. G. M. Bennett of the Note, J.C.S 1925, 127, 910. (Signed by) 
W. P. Wynne, T, M. Lowry, G. M. Bennett, F. G. Tryhom. 

Blaokie, Joseph John, c/o Duncan, Flockhart & Co., 104, Holyrood 
Road, Edinburgh. British. Pharmaceutical Chemist, Minor and Major 
Examination, Pharmaceutical Society of Great Britain. Laboratory Manager 
of Messrs. Duncan, Flockhart & Co., Manufacturing Chemists, Edinburgh. 
Examiner in Chemistry of the Pharmaceutical Society of Great Britain, 
(Signed by) George Barger, William Duncan, Eric Knott. 

Blacktin, Samuel Cyril, 173, Ecclesall Road South, Sheffield. British. 
Research Assistant. (Junior Assistant, Safety in Mines Research Laboratories, 
Badger Lane, Sheffield.) M.Sc. (Sheffield). (Signed by) W. P. Wynne, 
F, G. Tryhom, J. Kenner. 

Bligh, Neville Melton, 67, Castle Road, Bedford. British. Science 
Master. A.R.C.S. (Chemistry), London, 1921. A.I.C., 1923. Formerly 
Senior Science Master, Wimborae Grammar School, Dorset. At present 
(Temporary) Senior Science Master, Stevenage Gra mm ar School, Herts. 
Signed by) H. B. Baker, James C. Philip, M. A. Whiteley. 

Borland, Hugh Alexander^Mtllar, 14, Cotham Road, Bristol. British. 
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Teacher of Chemistry. A.R.C.S. (Lond.). M.Sc. (Bristol). Lecturer on 
Chemistry 1896 to present date (Secondary and Technical). Lecturer on 
Applied Chem., University of Bristol, 1910-19. (Signed by) Arthur Marsden, 
F. Francis, J. W. McBain, F. W. Rixon. 

Brobmachary, Nirmal Boran, Ghugudanga-Post 24 Porganas, Calcutta, 
India. Hindu (Indian). Chemist to Messrs. B. K. Paul’s Chemical and 
Pharmaceutical Works, Dum Dum, Calcutta. Passed the B.Sc. examination 
of the Calcutta University in 1920. Worked as an analytical and manu- 
facturing chemist. Assistant of Messrs. Smith, Stanistreet & Co. for 2 years, 
and at present working as the Chemist for Messrs. B. K. Paul & Co. (for last 
three years). (Signed by) Dhirendra Nath Mukerji, Sudhindranarayan Ray, 
R. L. Jenks. 

Buixick, Gertrude Margaret, 43, Belsize Park, Hampstead, N.W. 3, 
British. Hons. Student in Chemistry, Bedford College, Univ. of London. 
Graduate of Lond. Univ. B.Sc., June, 1924. (Signed by) Holland Cromp- 
ton, J. F. Spencer, M. S. Crewdson, J. Stewart. 

Cable, Ralph Edgar, Queen’s Gardens, Hong Kong. English. Apothe- 
cary, Medical Department, Hong Kong. Lecturer (part time). University of 
Hong Kong, Med. Faculty, Practical Pharmacy, (Signed by) R. W, E. 
S tickings, A. J, Ewins, G. Newbery, P. Blenkinsop, 

Canning, Thomas Anthony, Crindau Gas Works, Newport, Mon. English. 
Gas and Chemical Engineer, now General Assistant Technical Engineer to 
the Newport (Mon.) Gas Company. Certificates in Chemistry granted by 
Institution of Gas Engineers. Engaged 7 years in Gas Manufacture and 
allied work and the chemistry of same. I desire to become a Fellow of the 
Chemical Society in order to keep in touch with current chemical literature. 
(Signed by) Geo. R. Thompson, H. E. Cox, J. H. Canning. 

Clare, Leslie Marshall, 38, Park Rd., Hampton Wick, Kingston-on- 
Thames. English. Chemist, National Physical Laboratory, Teddington. 
Late Scholar and Research Scholar, Sidney Sussex College, Cambridge. 
Late Assistant Demonstrator, Cambridge University Chemical Laboratory. 
B.A., Cantab. Ph.D., London. Associate of Institute of Chemistry. Joint 
author of papers in J.C.S., 1923, 123, 2 353, and 2362. (Signed by) 
. M. Johnson, Guy Barr, Percy G. Ward. 

Colwell, Clive Kear, Ormesty, Great North Road, N. 2. English. 
Analytical and Consulting Chemist. B.A., Cantab. Paper in conjunction 
with A. J. Berry, M.A., in Chemical News. (Signed by) A, H. M. Muter, 
Cyril Dickinson, J. Kear Colwell, 

Coops, Jan, den Haag, 25 Sireelinckplein. Dutchman. Dr. ir. Delft# 
Assistant, Commercial University, Rotterdam. Author of some papers in 
Bee. trav . chim., 1920, 1921, 1922, 1923, 1924, 1925, Chem, Weekblad, and 
Kan. Ahad . van Weten. Amsterdam , etc. (Signed by) H. J. Backer, Ernest 
Cohen, A. Smits. 

Corderoy, William George, 35, Century Rd., Walthamstow, E. 17. 
British. Student for Teaching Profession (entering profession next Sept.). 
1st Honours (Chem.), B.Sc. (Lond.). [Studied at East London College, 
1921-24.] (Signed by) J. R. Partington, E. E. Turner, D. C. Jones, Elwyn 
Roberts. 

Cronshaw, Oswald Pilrington, 141, Blackburn Road, Great Harwood, 
hear Blackburn. British. Chemist and Assistant Gas Engineer, Accrington 
District Gas and Water Board. For past. 3 years Chief Chemist to the 
Accrington District Gas and Water Board, having full chemical control of 
; gas manufacturing operations, the manufacture of sulphate of ammonia. 
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etc. Hold 1st Class Certificates Gas Manufacture (City and Guilds). Dis- 
tinction in Inorganic Chemistry (Lane, and Cheshire Inst.). 1st Class 
Certificate Inorganic and Organic Chemistry at Blackburn College of Tech- 
nology. Associate Member of Institution of Gas Engineers. {Signed by) 
James Booth, John S. Morrison, Bobert C. McDowall. 

Culbert, J ohn Carroll, 172, North Eoad, Belfast. British. Pharmacist. 
Pharmaceutical Chemist, Member of Pharm. Society of Ireland, ex-Member 
Council of Pharm. Society of Ireland. (Signed by) George Scott Bobertson, 
W. H. Gibson, Henry Wren. 

Currie, John Alexander, 44, Phillimore Gardens, London, W. 8. 
British. Student. Honours B.A,, Chemistry, and B.Sc., Oxford. Now 
researching under Professor Dorman at University College, London. (Signed 
by) P. G. Donnan, W. E. Gamer, C. W. Bonniksen, 

Dey, Alexander John, Bothiemay, Corstorphine, Edinburgh. British. 
Manufacturing Chemist. Managing Director, T. and H. Smith, Ltd., Manu- 
facturing Chemists. F.B.S.E. (Signed by) James Walker, Alex. C. Cumming, 
Alexander Lauder. * 

Dillon, Thomas, University College, Galway. Irish. Professor of 
Chemistry, University College, Galway. Papers on Waxes, Proc. 

1909, vol. 12, No. 20; vol. 15, No. 10; Proc. E.I.A. , vol. 29, sec. B, No. 8. 
On separation of Isotopes of Lead, Proc. RJD.S., 1922, vol. 17, p. 53. 
(Signed by) A. G. G. Leonard, Sydney Young, Emil A. Wemer, A. O’Farrelly. 

Dony, Octave Charles Marie, Bruxelles, 30 Bue Emile Banning. 
Beige. Professeur 4 rUniversit6 de Bruxelles (Faculty de Science appliqu^es). 
Membre de l’Acaddmie royale de Belgique. (Signed by) C. S. Gibson, Eric 
K. Bideal, T. M. Lowry, W. J. Pope, Henry E. Armstrong. 

Featherston, Stanley Jaimes, 33, Belmont Bd., Beckenham, Kent. 
British. Analytical Chemist in Laboratory of Manufacturing Chemists, 
namely, Messrs. Hopkins & Williams, 16-17, Cross St., E.C. Honours 
Student in Chem. at Birkbeck Coll., University of London. 5 Years analytical 
work with manufacturing chemists. (Signed by) George Senter, F. Barrow, 
Samuel Sugden. 

Gaskill, Malcolm Sinclair, 3, Buckingham Bd., Hilton Park, Prest- 
wick, Manchester. British. Chemical Engineer, West’s Gas Improvement 
Co., Ltd., Manchester. Associate of the Manchester College of Technology. 
Chemist and Assistant Manager, Messrs, Hardman & Holden, Ltd,, Chemical 
Manufacturers, Clayton. Present position, as above. Desirous of keeping 
in touch with modem developments of pure and applied chemistry. (Signed 
by) Harold G. Colman, William Buckley, Joseph Poulson. 

Gibbs, William Edward, 4, Stanley Villas, Buncorn. British. Chief 
Chemist to the Salt Union, Ltd. D.Se. (Liverpool). Author of books ; 
“ Clouds and Smokes : The Properties of Disperse Systems in Gases,’ * il The 
Dust Hazard in Industry.” Joum. Inst. Metate, XV (1916), 1, pp. 41-191; 
J,S.C<L, XLI, pp. 189-196; Faraday Soc. t XI, 1915, pp. 295-297, etc. 
(Signed by) W. C. McC. Lewis, I. M. Heilbron, E. C. C. Baly. 

Hamer, Norman, “ Ash Mount,” Holcombe, nr. Manchester. British. 
Beseareh and Analytical Chemist in Calico Printing, Dyeing, and Bleaching 
Works. As a student I have gained the Associateship of the Manchester 
College of Technology (Assoc. M.C.T.), whilst my duties as chemist cover a 
fairly wide field of analytical work, together with the investigation of the 
many and varied problems which are continually arising in. the works. 
(Signed by) Arthur M. Morley, John K, Wood, Frank Lee Pyman. 

. Hartshorne, Ernest, 12, Muriel St., Broughton, Manchester, British. 
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Chemist in the Laboratory of Dr. A. K. Miller, F.C.S. Degree of Bachelor 
of Technical Science in General Chemical Technology, Victoria University, 
Manchester. {Signed by) Ales. K. Miller, Frank Lee Pyman, John K. Wood. 

Harvey, Arthur, 12, Chaldon Road, Fulham, S.W. 6. British. Chemist. 
Formerly Agricultural Analyst, South Eastern Agricultural College (Univ. 
Lond.), Wye, Kent. Formerly lecturer on Applied Chemistry, Leather- 
sellers College, London. Author of “ Practical Leather Chemistry 99 and 
“ Tanning Material,” published by Crosby Lockwood <fe Son. Also several 
papers on leather chemistry in J. Soc . L. Trades Chem. Editor of Abstracts, 
J. Soc . X. Trades Chem* Member, British Association of Chemists, American 
Chemical Society, Society of Leather Trades Chemists. (Signed by) M. C. 
Lamb, A. B. Bradley, R. W. West. 

Hennings, Charles Richard, 19, St. Dunstan’s Hill , London, E.C. 3. 
German. Consulting Chemist. Qualified Pharmaceutical Chemist. Gradu- 
ated in Chemistry. Ph.D., Freiburg. Papers as given before when 
first being admitted. (Signed by) Otto Oberlander, George P. Forrester, 

A. W. Edwards. 

Hindus, James, 4, Plane St., Blackburn, Lancs. British. Student. 
Have been full-time day student in the Chemistry Dept. Municipal Technical 
College, Blackburn, for four years and am now preparing for Hons. Chemistry, 

B. Sc. (Lond.) there. (Signed by) G. W. F. Holroyd, Harry G. Leigh, J. T. 
Holden. 

Jones, Noel Waterman Verb, Eastnook, Pakefield, Lowestoft. British. 
Student. Have been studying Chemistry for five years and wish to keep 
abreast of modem advances. (Signed by) E. de Barry Barnett, James W. 
Cook, Marcus A. Matthews, 

Linoh, Frank William, 89, Hazelbottom Rd., Cheetham, Manchester. 
British. Research Chemist, British Dyestuffs Corporation. M.Sc., Lond. 
1st Hons. Chemistry at B.Sc, F.I.C. Asst. Chief Chemist, H.M. Factory, 
Queensferry, 1915-1917. Chief Chemist, H.M. Factory, Avonmouth, 1917- 
1919. 1919 to date. Research Chemist, British Dyestuffs Corp., Blackley, 
Manchester. Action of sodium hypobromite on carbamide derivs. Part I. 
3-Amino-coumarin. Both papers in Trans. 1912. (Signed by) G. R. Clemo, 
Colin H. Lumsden, Anthony J. Hailwood. 

Lipshaw, Ch ar les, 48, Lr. Broughton Rd., Salford. British. Chemist 
to Messrs. Halliday & Co., Ltd., Bankfield Mills, Stockport. 4 years Labor- 
atory Chemist, and Assistant Works Chemist, at Lowerhouse Printworks, 
Burnley. Student at the Royal Technical College, Salford, Diploma of 
the College, City and Guilds of London Institute, Final Certificates in Dyeing 
and Textile Printing.’ {Signed by) S. N, Brown, V. Edge, E. Clark, B. Prentice. 

Moore, Thomas, 8, Cyprus Avenue, Belfast. British. Student. Graduate 
of London (with Honours) and of the Queen’s University, Belfast. Fifth 
year research student in Photochemistry. [Signed by) Wm. H. McVicker, 
Joseph E. Marsh, A. W. Stewart, H. Graham. 

Nixon, Ivor Gray, 75, The Vale, Golder’s Green, N.W, II. English. 
Student. Have studied chemistry for over 6 years and desire to keep abreast 
of modem developments.. (Signed by) E. de Barry Barnett, P. C. L. Thome, 
James W. Cook, 

Ocoleshaw, Vincent Joseph, 22, Bryn Street, Ashton-in-Makerfield, 
nr, Wigan. British. Lecturer and Demonstrator in Inorganic Chemistry* 
M.So. (Liv.). AXC. {Signed by) E. C. C. Baly, J. T. Nance, A. O. Jones. 

- Pabqham, Ernest Charles, 30, Churchill Road, N.W. 2. British. 
V; v : 3Beseareh Assistant at the British Museum Laboratory. Trained in Analytical 
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Chemistry under the late Dr. Ludwig Mond, F.R.S., and the late Dr. B. 
Mohr, 1891-1896. Assistant at the Davy Faraday Research Laboratory of 
the Royal Institution, 1896-1918. Research Assistant at The British Museum 
Laboratory since 1920. (Signed by) Alexander Scott, H. J. Plenderleith, 
John W. Heath. 

Prescott, James Arthur, The University, Adelaide, South Australia. 
British (England). Professor of Agricultural Chemistry at the Waite 
Agricultural Research Institute of the University of Adelaide. Papers 
on Soil Chemistry in the “Journal of Agricultural Science,” VI, 111; 
VIII, 65, 111, 136; IX, 216; X, 177; XIII, 333; also Bulletins of the 
Sultanic Agricultural Society, Egypt. Research Scholar, Rothamsted 
Experimental Station, 1912-1916. Chief Chemist, Sultanic Agric. Soc., 
Egypt, 1916-1924. Proceedings, vol. 30, No. 123, 1914. (Signed by) 
Edward H. Rennie, E. J. Russell, H. B. Dixon, Arthur Lapworth, Robert 
Robinson, H. J. Page. 

Robertson, John Monteath, Nether Fordun, Auehterarder, Perthshire. 
Scottish. Research Assistant. B.Sc. (Hons. Chem.), Glasgow, 1923. 
A.I.Cv 1924. Strang-Steel Research Scholar, 1923-24. Carnegie Research 
Scholar, 1924-25. (Signed by) S. Horwood Tucker, T. S. Patterson, G. G. 
Henderson, R. Wright, David T. Gibson. 

Rubenstein, Leon, Jesus College, Oxford (Rookwood, 87, Eaton Grove, 
Swansea). British. Research Student for Doctorate of Philosophy (Oxford 
University). First Class Honours, Degree of Bachelor of Science (Welsh 
Univ.). Bachelor of Science (Oxford Univ.). “ Substitution in Vicinal 
Trisubstituted Benzene Derivatives ” (November 1923). ( Signed by) W. H. 

Perkin, S. G. P. Plant, J. F. S. Stone, R. H. Griffith, R. D. Haworth. 

Singh, Malik Karam, Rawalpindi City. Indian (British subject). Paper 
Expert. I am a B.Sc. (Physics and Chemistry). Was granted a “State 
Technical Scholarship ” by the Govt, of India for the study of the Paper- 
making industry in Gt. Britain and other Western countries. Before going 
to England I worked for about twenty months in the Bengal Paper Mills, 
Raneegunj (near Calcutta), during 1918-20. Joined College of Technology, 
Manchester, in 1920. During 1920-21 I completed in one year, a two years' 
course in paper making, and in the final examination I got a 1st class both in 
the theoretical and practical parts of the subject. I also studied the following 
subjects : Organic Chemistry, Physical Chemistry, Chemistry of Dyeing, 
Chemistry of the Colouring Matters, Economics, Chemical Engineering, 
Heat Engines, and Construction of Works. In 1921-22 (about 15 months) 

1 received practical training in the following three paper mills, in Aberdeen, 
Scotland, making different classes of paper : (1) The Donside Paper Mills ; 
(2) The Alex Pirie Paper Mills at Stoneywood, and (3) The Mugiemoss Paper 
Mills at Bucksbum. During 1922-24 I conducted a special research on 
about a score of Indian raw materials, with a view to ascertain their suit- 
ability for making paper. I have paid short visits lasting from one to ten 
days to about a score of other paper mills and paper mill machinery manufac- 
ture workshops, I have seen almost all the paper mills in India. (Signed by) 
John K. Wood, Frank Lee Pyman, F, M. Rowe. 

Smith, Norman Heath, Hillcroft, Spencer Avenue, Leek, Staffs. British. 
Process Chemist, at present with Messrs. Anglo-Persian Oil Co., Ltd., Abadan, 
Persia. B.Sc. (Tech.). Post grad, research on vegetable oils; 2J years 
with Messrs. The British Aluminium Co., Ltd., as Asst. Chemist, and over 

2 years with Messrs. Anglo-Persian Oil Co., Ltd. (Signed by) Colin E. 
Spearing, S. W. Hayter, H. Harper. 
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Streather, Alec Thomas, 3, Wellington Road, Watford. British. 
Works Chemist. B.Sc. (Honours Chemistry), Birmingham, 1922. Associate 
Institute of Chemistry. ( Signed by) G. T. Morgan, S. R. Carter, C. E. W T ood, 
F. W. Pinkard. 

Thurgooe, John, “ Roseleigh,” Elmwood Ave., Harrow, Middx, British. 
Analytical and Research Chemist. Engaged for 4 years in laboratory of 
Dunlop Rubber Co., Birmingham. Graduated B.Sc. at Birmingham Univer- 
sity in 1922. At present engaged as Assistant Chemist to British Oxygen 
Co., Ltd., N. Wembley. {Signed by) G. T. Morgan, C. E. Wood, E. Holmes. 

Trew, Violet Corona G Wynne, 18, Adam Street, Portman Square, W. 1. 
British. Student at Bedford College (London University). Reading for an 
Honours Degree in Chemistry. ( Signed by) J. E. Spencer, H. Crompton, 
P. V. MeKie. 

Uchxda, Shojero, 12, Shinryudo-Maehi, Azabu-Ku, Tokio, Japan, 
Japanese. Research Chemist of the Euel Research Board of Japan. Under- 
graduate of Department of Chemistry, College of Technology, University 
of Tokio, Japan. {Signed by) W. A. Batley, V. H. Legg, M. J. Burgess, 
F. V, Tideswell. 

Walker, John Henry, A.R.T.C., A.I.C., Gourepore Works, Naihati* 
E.B. Ry., Bengal, India. Scotch. Chemist and Oil-mill Manager. Student 
Royal Technical College, Glasgow. Student with late Dr. J. Lewkowitsch. 
Sundry papers in Analyst and in J.S.CJ. Chemist and latterly mill-manager, 
Gourepore Co., Ltd., Linseed Oil. {Signed by) G. G. Henderson, Thomas 
Gray, F. J. Wilson. 

Warren, Ernest Henry, 1 , Chamber’s Lane, Willesden Green, N.W. 10. 
English, Research Student. B.A., Cantab. [Signed by) Robert Robertson, 
Geo. Stubbs, P. J. Sageman. 

Watt, James, Craagloekhart House, Slateford, Edinburgh. British. 
Writer to the Signet. Chairman of Directors, T. and H. Smith, Ltd., Chemical 
Manufacturers. F.R.S.E. {Signed by) James Walker, Alex. C. Cumming, 
Alexander Lauder. 

Willis, William: John, Hazel Mount, Camforth, Lancs. English. Chief 
Valuer to Michael Faraday and Partners, 77, Chancery Lane, W.C. 2. 3 years’ 
Assistant Demonstrator, Inorganic Chemistry, Barrow Technical School. 
3 years’ Lecturer on Metallurgy and Iron Foundry Practice, Bradford 
Technical College. 1st Class Honours Inorganic Chemistry, Science and Art 
Department. 1st Class Honours and Bronze Medal, City and Guilds of 
London, Iron and Steel Manufacture. 1st Class and Silver Medal, City and 
Guilds of London, Salt Manufacture. S years Analytical Chemist, Barrow 
Hematite Steel Co., Ltd. 6 years Chief Chemist and Assistant Works 
Manager, Yorkshire Iron and Coal Co., Ltd, 5 years Chief Valuer to Michael 
Faraday and Partners, Surveyors and Valuers. {Signed by) T. A. Henry, 
A. E. Bond, Harry W. Dixon. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2). 

Beesley, William, Binnyston Gardens, Bangalore City, Mysore, India. 
British. Works’ Chemist. Took course in Bleaching and Dyeing at the 
Manchester College of Technology. Technological Certificate and Silver 
Medallist in Dyeing, City and Guilds of London Institute. Six years Chemist 
Assistant with Messrs. Binny & Co., Ltd. Now Head Chemist, Bangalore 
WWBeh Mils, India. {Signed by) E. Knecht. 

Howarl, 1510 Dana Ave., Cincinnati, Ohio, U.S.A. American. 
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Research Director for The B. I. Johnston Paint Co., Cincinnati, Ohio. 
Graduate student from Ohio Mechanics Institute, Cin., Ohio. I year graduate 
work, Columbia College, N.Y. 6 years teaching at Ohio Mechanics Institute 
and for 3 years head of the department. Member of the American Chemical 
Society, Society of Chemical Industry, German Chemical Society. (Signed by) 
John H. Foulger. 

Smith, Alexander, P.0. Box 103, Nairobi, Kenya Colony. Scot. 
Chemist and Managing Director, A. H. Wardle & Co., Ltd. Lecturer on 
chemistay for 2 years. School of Mines, South Africa. Pharmaceutical Society, 
minor certificate. Consulting Chemist to Kenya Marble Quarries. In charge 
Hygiene Laboratory (Dr. Kochs), Dar-es-Salaam, 12 months. (Signed by) 
G. T. B. Francis. 


ADDITIONS TO THE LIBRARY. 

I. Donations. 

Association op British Chemical Mantjfacttjrers. British 
chemicals, their manufacturers and uses : being the official directory 
. . . containing a full list of members, with a classified list of 
British chemicals and a note of their industrial applications, 
London 1925. pp. 212. ( Reference .) 10s. 6<L net. 

From the Publishers : Messrs. Ernest Benn. 

Indian Chemical Society. Quarterly Journal. Vol. I, etc, 
Calcutta 1924 +. (Two copies.) From the Society. 

Institttt International de Chimie Solyay. Premier conseil 
de chimie, tenu a Bruxelles du 21 au 27 Avril 1922. Rapports et 
discussions . . . sur cinq questions d’aetualite. Paris 1925. pp. 
xvi + 336. ill. (Reference.) 30 fr. net. 

From the Publishers : MM. Gauthier-Villars & Cie. 

Namari, Ichitaro. The electrolytic separation of magnesium 
from magnesia. Sakai 1924., pp. iv + 160. ill. (Reed. 15/4/25.) 

From the Author. 

Philip, James Charles. Physical chemistry : its hearing on 
biology and medicine. 3rd edition. London 1925. pp. viii + 
368. ill. 8s. 6d. net. (Reed. 7/5/25.) From the Author. 

Rtjmbold, W. G. Bauxite and aluminium. (Imperial Institute 
Monograph on Mineral Resources.) London 1925. pp. x + HO, 
ill. 65. net. (Reed. 17/4/25.) From the Director. 

Scientific Worker, The, and the B.A.C. Bulletin. Official 
organ of the National Union of Scientific Workers and the British 
Association of Chemists. New series. Vol. I, etc. London 
1924 +. (Reference.) 

From the Publishers : The National Union of Scientific Workers. 

Spring; WalthIjre. CEuvres completes, publics par la Soci6t6 
Chimique de Belgique. 2 vols. Bruxelles 1914-1923. pp. iy -f- 
900, iv, 901 to 1860. ill. 40 fr. (Reed. 9/4/25.) 

From the Soci4te Chimique de Belgique. 
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Staudinger, Hermann. Introduction to qualitative organic 
analysis. Authorised translation by Walter Theodore Karl 
Braunholtz. London 1925. pp. xvi + 112. 65 . 6 d. net. (Reed. 
8/4/25.) From the Publishers : Messrs. Gurney & Jackson. 

Tables Annuelles de Constantes et donnees numeriques de 
chimie, de physique et de technologie. Vol. V. 1917-1922. 
Part i. Paris 1925. pp. xlii + 804. (Reference,) 

From the Comite International. 
Thoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. Ill, Part ii. Vol. IV, Part i. 
Berlin 1925. pp. 289 to 544, 272. ill. M, 20. (Reed. 15/4/25.) 

From the Publishers : Herren Urban & Schwarzenberg, 


H. By Purchase. 

Anderson, Robert J. The metallurgy of aluminium and 
aluminium alloys. New York 1925. pp. xxxii + 914. ill, 42$. 
net. (Reed . 27/4/25.) 

Babbitt, Harold E. Sewerage and sewage treatment, 2nd 
edition. New York 1925. pp. xvi + 516. ill. 25s. net. (Reed. 
13/5/25.) 

Bragg, Sir William Henry, and Bragg, William Lawrence. 
X-rays and crystal structure. 5th edition, London 1925. 
pp. xh + 324. ill. 21s. net. (Reed. 13/5/25.) 

Burrell, George A. The recovery of gasoline from natural 
gas, with a discussion of motor fuels. New York 1925. pp. 600. 
ill. 35s.net. (Reed. 13/5/25.) 

Burton, Eli Franklin. The physical properties of colloidal 
solutions. 2 nd’ edition. London 1921. pp. viii + 222, [ill. 
12s.6d.net. (Reed, 21/4/25.) 

Coeeignier, Charles. Colours and varnishes. Translated from 
the French by A. Harvey. London 1925. pp. viii + 258. ill. 
12 s. 6 d.net. (Reed. 13/5/25.) 

Colloid Symposium Monograph. Papers presented at the 
second National Symposium on Colloid Chemistry, June 1924. 
Edited by Harry N. Holmes. New York 1925. pp. viii + 368. 
ill, 25s. net. (Reed. 21/4/25.) 

Gough, Herbert John. The fatigue of metals. London 1924. 
pp, xx + 304. ill. 25s. net. (Reed. 13/5/25.) 

Hatschek, Emil, [Editor.] The foundations of colloid chem- 
istry ; a selection of early papers bearing on the subject. Edited 
on behalf of the Colloids Committee of the British Association. 
: tcmdcri 1925, pp. 174. 18s. net. (Reed. 13/5 /25.) 



PROCEEDING'S 


or THE 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, June 4th, 1925, at 8 p.m., 
Dr. Arthur W. Crossley, C.M.G., C.B.E., D.So., F.R.S., President, 
in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of Mr. Charles E. Soane, who was elected a Fellow 
on February 3rd, 1887, and who died on May 17th. 

The President announced that the following address of con- 
gratulation had been sealed and will be presented on June 16th, 
1925, to the Royal Institution on the occasion of the celebration 
of the Centenary of the discovery of benzene by Michael Faraday : 

To the President , Officers and Members of the Royal Institution 
of Great Britain. 

The Chemical Society welcomes the opportunity of associating 
itself with the Royal Institution in celebrating the centenary 
of the Discovery of Benzene by Michael Faraday, a discovery 
which was destined to have such far-reaching effects on the 
foundation and development of structural organic chemistry 
and to lead to the establishment of many new and important 
industries. We remember with pride that in 1868 the Chemical 
Society instituted a Triennial Lecture to commemorate the 
work of Faraday, for we recognise in him the pioneer of many 
of the principles underlying the chemical science of to-day. 

We desire to join with the other Learned Societies and 
Academies of the' world in offering our homage to the memory 
of this great and distinguished man. 

Signed on behalf of the Chemical Society, 

Arthur W. Crossley, President . 
Jocelyn Thorpe, Treasurer . 

T. Slateb ^^CEjV Secretaries. 

C. S. Gibson, J 

F, G. Donnan, Foreign Secretary. 

' Sealed in Council this Fourth Day of June, ‘One Thousand Nine 
Hundred and Twenty Five. 
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Mr, W. A. Wightman was formally admitted a Fellow of the 
Chemical Society., 

Certificates were read for the first time in favour of : 

William Bouch O’Brien Goudielock, 28, Fairfield Lane, Barrow-in-Furness. 
Jnanendra Nath Ray, M.Se., The University, Manchester. 

Phyllis Mary Sanderson, 7, Cresswell Place, S.W. 10. 

Erie Alfred Speight, B.Se., A.R.C.S., 61, Arthur Road, Wimbledon Park, 
S.W* 19. 

Gordon Mitchell Wright, M.A., B.Sc., University Chemical Laboratory, 
Cambridge. 

The following papers were read : 

“ The spatial structure of c^cZoparaffins. Part I. A new 
aspect of Mohr’s theory and the isomerism of decahydro- 
naphthalene.” By W. A. Wightman. 

“ Chenopodium oil. Part II. The hydrocarbon fraction.” By 
T. A. Henby and H. Paget. 

“ Echitamine.” By J. A. Goodson and T. A. Henry. 

Ordinary Scientific Meeting, Thursday, June 18th, 1925, at 
8 p.m., Dr. Arthur W. JDbossley, C.M.G., C.B.E., D.Sc., F.R.S., 
President, in the Chair. 

The President announced : 

1. That, as Fellows would know, the Council has had before it for 
some time past the possibility of unifying chemical abstracts in 
pure and applied chemistry in the English language, and as stated 
in the Report of Council for 1923 — 1924, the Bureau of Chemical 
Abstracts was created to effect such unification. The Council, 
at its meeting that afternoon, had under consideration the following 
proposals of the Bureau, that 

(1) The format adopted for the unified publications should 
be double column quarto. 

(2) The type should be that now employed in the “ A ” 
Abstracts. 

(3) The existing overlap, estimated to be at least 10%,; 

. should be eliminated, 

as well as the further suggestion that, in the event of these pro- 
posals being adopted, one annual index covering both sections of 
the Abstracts should be supplied to all members of the two Societies 
concerned. 

The Council has adopted the following resolution : 

“ That the Council concurs in the Bureau’s proposals for 
the unification of the Abstracts in Pure and Applied Chemistry, 
I* and urges the Fellows, in the interests of co-operation and of 
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the consolidation of British Chemical Abstracts, to accept 
loyally such changes of format and arrangement as these 
proposals may involve.” 

It was further intimated that the proposals of the Bureau have also 
been accepted by the Council of the Society of Chemical Industry. 

The President expressed the hope that Fellows would loyally 
support the efforts being made in the direction of unifying British 
chemical abstracts. 

2. That the Faraday Society will hold a General Discussion on 
“ Photochemical Reactions in Liquids and Gases ” at Oxford on 
October 1st and 2nd next. The subject will be discussed under 
two main heads : (1) Einstein’s Law of Photochemical Equivalence, 
(2) The Mechanism of Photochemical Reactions. Part I will be 
opened by Professor A. J. Allmand (King’s College) and Part II 
by Professor M. Bodenstein (Berlin). 

Fellows of the Chemical Society will be welcomed at this meeting, 
and it is hoped to accommodate all who attend the meeting at 
Exeter College and Lincoln College. Those desirous of attending 
are asked to communicate at once with the Secretary of the Faraday 
Society, 90, Great Russell Street, London, W.C. 1, from whom full 
particulars may be obtained. 

3. That a communication has been received from the Com- 
mittee of the van’t Hoff Fund for the endowment of research in ' 
pure and applied chemistry. The amount from this fund available 
for distribution during 1926 is about 1400 Dutch florins. 

A Committee, consisting of Professor A. F, Holleman (President), 
Professor F. M. Jaeger, Professor A. Smits, and Mr. J. P. Wibaut 
(Secretary), has been appointed to award Grants. Applications 
should be sent before November 1st, 1925, by registered post to : 

Het Bestuur der Koninklyke Akademie van Wetenschappen, 
bestemd voor de Commissie van het 4 van’t Hofffonds,’ Trippenhuis, 
Kloveniersburgwal, Amsterdam.” Every applicant is requested 
to submit a detailed account of the manner in which he proposes 
to expend the grant and to state the reasons for which he makes 
his application. 

Papers embodying the results of the research may be published 
in any journal, but acknowledgment must be made of the source 
of the grant. Copies of papers containing the results of the research 
must be forwarded to the Committee. 

4. That Volume V of the Annual Tables of Constants and 
Numerical Data is now ready, and is obtainable from Monsieur 
Charles Marie (9, Rue de Bagneux, Paris VI) who will be glad to 
send particulars on application. 
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Messrs. J. B. Reed and P. W. B. Harrison were formally admitted 
Fellows of the Chemical Society. 

Certificates were read for the first time in favour of : 


Joseph Raymond Dolphin, B.Sc., Chemical Department, The University, 
Birmingham. 

Henry Wilfrid Keenan, 80, Upper Richmond Road, East Sheen, S.W. 14. 
Bertram Grey Leatherbarrow, Hill Crest, Station Road, Brimington, Chester- 
field. 

Henry Nicholson, M.Sc., Aberlady, Osborne Road, Stockton-on-Tees. 

Robert Saxon, B.Sc., Westfield Terrace, Baildon, Yorks. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2) : 

Bertram Cuthbert, c/o The British Australian Cotton Association, Ltd. 
Oil Mills, Brisbane. 

Albert Louis Auguste Sigot, Institut de Chimie, 2, Rue Goethe, Strasbourg. 


Mr. H. C. Sayer and Dr. H. Burgess were elected Scrutators, 
and a ballot for the election of Fellows was held, the following 
subsequently being declared elected as Fellows : 


Marion Alice Battie, B.Sc., A.I.C. 
Maung Hla Baw. 

William Beesley. 

' William Ambler Berry, B.Sc. 

Joseph John Blaekie. 

Samuel Cyril Blacktin, M.Sc. 

Neville . Melton Bligh, A.R.C.S., 
A.I.C. 

Hugh Alexander Millar Borland, 
M.Sc., A.R.C.S. 

Nirmal Boran Brohmachary, B.Sc. 
Gertrude Margaret Bullick, B.Sc. 
Ralph Edgar Cable. 

Thomas Anthony Canning. 

Leslie Marshall Clark, B.A., Ph.D,, 
A.I.C. 

Clive Hear Colwell, B.A. 

Jan Coops. 

William George Corderoy, B.Sc. 
Oswald Pilkington Cronshaw. 

John Carroll Culbert. 

John Alexander Currie, B.A., B.Sc. 
Alexander John Dey. 

Thomas Dillon, M.A., D.Se. 

Octave Charles Marie Dony. 

Howard Ecker. 

/ Stanley James Featherston. 

^ Malcolm Sinclair Gaslrill. 

Ilfifmiam Edward Gibbs, D.Sc. 


Norman Hamer, Assoc.M.C.T. 

Ernest Hartshorne, B.Sc.Tech. 
Arthur Harvey. 

Charles Richard Hennings, Ph.D. 
James Hindle. 

Noel Waterman Vere Jones. 

Frank William Lineh, M.Sc., F.I.C. 
Charles Lipshaw. 

Thomas Moore, B.Sc. 

Ivor Gray Nixon. 

Vincent Joseph Occleshaw, M.Sc,, 
A.I.C. 

Ernest Charles Padgham. 

James Arthur Prescott, M.Sc., A.I.C* 
John Monteath Robertson, B.Sc., 
A.I.C. 

Leon Rubenstein, B.Sc. 

Malik Kararn Singh, B.Sc. 

Alexander Smith. 

Norman Heath Smith, B.Sc.Tech. 
Alee Thomas Streather, B.Sc., A XC. 
John Thurgood, B.Sc. 

Violet Corona Gwynne Trew. 

Shojiro Uehida. 

John Henry Walker, A.R.T.C., A.I.C. 
Ernest Henry Warren, B.A. 

James Watt. 

William John Willis. 
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The following papers were read : 

“ Investigations on the dependence of rotatory power on chemical 
constitution. Part XXVII. Some esters of ^-toluene-sul- 
phonic and sulphinic acids.” By H. Phillips. 

“ The enhanced reactivity of newly formed molecules. Part I. 
The conversion of cyclols into ketones.” By F. R. Goss and 
C. K. Ingold. 

“ Constituents of Myoporum latum, Forst ( f The Ngaio J ). Part I.” 
By F. H. McDowall. 

“ A synthesis of datiscetin.” By J. Kalff and R. Robinson. 
ce The relative directive powers of groups of the forms RO- and 
RR'N- in aromatic substitutions. Part IV. A discussion of 
the observations recorded in Parts I } II, and III.” By J. 
Allan, A. E. Oxford, R. Robinson, and J. C. Smith. 

<e A new aspect of the photochemical union of hydrogen and chlorine, 
and a quantitative study of the induction period.” By R. G. W. 
Nourish. 

The Council has made the following Grants from the Research 
Fund : 

£ s, d. 

Bromination products of caronic acid. R. G. Atkinson. ... 12 0 0 

Mechanism of tautomeric change. J. W. Baker ... ... 15 0 0 

Photographic investigation of explosion waves. C. Campbell ... 5 0 0 

Chemistry of the aminotriazole derivatives (contd.). P. K. Butt . 5 0 0 

Chemistry of the acridine molecule (contd.). P. K. Dutt ... 5 0 0 

Ring-chain tautomerism. S. Butt . 10 0 0 

Investigation and synthesis of ten-membered rings of the crypto- 
pine type. G. A. Edwards ... ... ... 10 0 0 

Contact electrification. F. Fairbrother 7 00 

Oxidation of 5 : 6-benzo-l : 1 '-diethylcarboeyanine bromide. 

E. H. St. C. Flack 10 0 0 

Oxidation of sesquiterpenes. D. T. Gibson 5 0 0 

Action of thionyl chloride on hydroxy benzenes. A. Green ... 5 0 0 

Structure of alkaloids and related compounds. J. M. Gulland... 10 0 0 

Derivatives of methyl quinolines (co?i td.). D, LI. Hammick ... 10 0 0 

Some polarity effects in substituted stilbenes and tolanes. H. A. 

Harrison 10 0 0 

Synthesis of alkaloids and allied compounds. R. B. Haworth ... 15 0 0 

Investigation of the structure of Ciba Yellow (contd.). E. Hope 10 0 0 

Experiments on the tetrahedral theory to S-N rings. R. F. 

Hunter * ... ... 5 0 0 

Action of aldehydes on aldehyde cyanohydrins in solution. B. H. 

Ingham ... ... 5 0 0 

Reactivity of bivalent carbon. Mrs. E. H.. Ingold 10 0 0 

Correlation of additive reactions with tautomeric change (contd.). 

Mrs. E. H. Ingold ... ... ... ... 5 0 0 

Mobility of the change in unsaturat ed acids and unsaturated 

ketones. J. D. Johnson 15 0 0 
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£ s , d. 

Influence of pew-dimethyl grouping on the formation and ring 

closure of substituted adipic acids. J. Kracovski 12 0 0 

The constitution of strychnine and of brucine. F. Lions ... 20 0 0 

Acid chlorides of the type ehlorothiol benzoyl chloride and their 

products.' E. W. McClelland 5 00 

Influence of various substituents on the reactivity of organic com- 

pdunds. I. Cyanohydrin formation. R. H. F. Manske*.. 10 0 0 

Further investigation of the “ Botary St ill head. 5 5 J. E. Myers 10 0 0 

Investigation of heterocyclic compounds related to tetrahydro- 

carbazole. S. G. P. Plant ... . ... ... 15 0 0 

Stereochemistry of arsenic. R. Raper ... ... 10 0 0 

Rapid thermal decomposition of certain organic compounds under 

reduced pressure. J. Reilly ... 7 10 0 

Ring-chain tautoraerism of the ££-disubstituted lsevulic acids and 

their structures, E. Rothstein ... ... ... ... 20 0 0 

(а) Substituted indole derivatives ... 

(б) Orientation in trisubstituted benzene derivatives ('contd.). L. 

Rubenstein ... ... 5 0 0 

Chemistry of the three-carbon system. L. F. Smith ... ... 12 0 0 

Three-carbon tautomerism (contd,). E. A. Speight 15 0 0 

The parachor and chemical constitution. S. Sugden 10 0 0 

Influence of water vapour on reactions of the type : Solid Z— 

solid -f- gas. B. Topley 5 0 0 

Physical properties of straight -chain alkyl benzenes and their 

derivatives (contd.). E. E. Turner ... 5 0 0 

Investigation of sulphur trioxide (contd.). I. Vogel 5 0 0 

Synthetical experiments in the isoquinoline series. R. Campbell 10 0 0 

Separation of platinum from iridium and rhodium with special 

reference to complex nitrites. D. F. Withers 10 0 0 

Total * ... ... £370 10 0 


PUBLICATIONS FUND. 


List of Donations and Subscriptions received from Fellows. 



Donations . 



Subscriptions . 


£ 

s. 

d. 

£ 

a. 

d. 

Acworth, J. J. . . ! , . 

50 

0 

0 




Albright, C . S. . . 

10 

0 

0 




Andrews, L. W. ($20.00) . 

4 

9 

11 




Appleyard, P. . . 



. 

1 

0 

0 per annum 

Atkinson, H. M. 

10 

0 

0 




Audley, J, A. . 



, 


10 

0 M 

Backer, H. J. . 

1 

0 

0 




Bahadur, His Highness Maharaja 







Rana Sir Bhawani Singh 

15 

0 

0 




Baker, H. B. 

. 


. 

15 

0 

0 (£3 per annum for 







5 years) 

Barker, T. V. . . 

■ 2 

0 

0 




Barlow, H. W. L. 

1 

0 

0 




: :: BarnettvE. ; ie'B.. ' y / 

1 

0 

0 
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Donations. 



Subscriptions. 




£ 

8 . 

d. 

£ 

8 . 

d. 


Barton, R. 



2 

0 

0 





Bedford, C. S. . 





. 

1 

1 

0 per annum 

Beilby, Sir George . 



30 

0 

0 





Blackman, P. . 



• 


. 


3 

0 

?> 

Boake, A. 



5 

0 

0 





Boon, A. A. 





. 

1 

0 

0 

rt 

Borland, W. D. 



10 

10 

0 





Boms, H. 



10 

0 

0 





Boyle, M, 



. 


. 


10 

0 

j» 

Brady, O. L. • 



• 


. 

2 

0 

0 

per annum 










years 

Braunlioltz, W. T. K. 




10 

0 





Brunnich, J. C. 



10 

0 

0 





Bryant, J. J. . 



1 

1 

0 





Burgess, M. J. 



. 


. 


10 

0 per annum 

Carlton, M. 



. 


. 


10 

0 

99 

Carpmael, W. . 

Carr, F. H. 



5 

5 

0 

1 

1 

0 

99 

Carter, S. R. . 



. 


. 

1 

0 

0 

99 

Caswell, A. E. . 





. 


5 

0 

99 

Caven, R. M. . 
Chapman, A. Chaston 



10 

10 

0 

1 

0 

0 

99 

Chapman, D. L. 



7 

10 

0 





Chattaway, F. D. 



5 

0 

0 





Chikashig6, M. 



5 

0 

0 





Clarke, H. T. . 



21 

0 

,0 





Cohen, J. B. 





. 


10 

0 

99 

Colles, W. M. . 



I 

1 

o ■ 





Collie, J. N. 



10 

0 

0 





Colman, H. G. 



10 

0 

0 





Cottrell, A. 





. 


10 

0 

99 

Cowbum, A. W. 

Cox, H.E. 



5 

0 

0 

1 

1 

0 

per annum 










years 

Crompton, H. . 



10 

0 

0 





Cross, C. F. 



10 

0 

0 





Crossley, A* W. 



20 

0 

0 





Crowle, R, S. . 





. 

1 

0 

0 per annum 










years 

Cuthbertson, L. M* G. 



1 

1 

0 





Dakin, H. D. . 



10 

0 

0 





Denham, W. S. 



10 

0 

0 





Dixon, H. B. . 



10 

10 

0 





Donnan, F. G. 



5 

0 

0 





Doran, W. 



1 

0 

0 





Douglas, J. R. 







10 

0 per annum 

Dunn, F. P. . 





' . 

2 

0 

0 

per annum 










years 

Dutt, P, K. 





. 


10 

0 per annum 

Dyer, B. 



25 

0 

0 





Easterfield, T. H. . 



10 

0 

0 
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Donations, 



Subscriptions . 



£ 

8. 

& , 

£ 

8, 

d. 

Ehrhardt, E. F. 


5 

5 

o J 




Evans, IJ. R. . 


5 

0 

0 




Everest, A. E. . 


1 

1 

0 




Ewan, T. 


5 

0 

0 




Farmer, R. C. . 


1 

1 

0 




Ferrier, G. S. . 


. 


. 


10 

0 for 1925. Will 








subscribe annu- 








ally; amount 








may vary 

Forster, M. 0. . 


25 

0 

0 




Freeth, F, A. . 




, 

1 

0 

0 per annum 

Friend, J. A. K. 





1 

0 

0 „ 

Frost, R. 


3 

3 

0 




Fryer, A. C. 


2 

2 

0 




Gamer, W. E. . 


. 


* 

1 

0 

0 „ 

Gibson, C. S. . . 


5 

0 

0 




Gilmonr, R. . 


3 

3 

0 




Gonville, C. H. K. . 


2 

2 

0 




Goodson, J. A. 


. 


. 

1 

0 

0 per annum for 2 








years 

Green, A. G. . 


. 


. 

1 

0 

0 per annum for 3 








years 

Greenaway, A. J. 


6 

0 

0 




Greeves, A. 


5 

0 

0 




Hale, A. J. 


2 

0 

0 




Hale, H. O. . 


1 

0 

0 




Hale, W. J. . 


10 

. 0 

0 




Harker, G. 


2 

0 

0 




Hart, H. W. 


. 


, 

1 

0 

0 per annum 

Hartley, T. 


5 

5 

0 




Hartung, E. J. 


• 



1 

0 

0 

Haworth*, W. K. 


5 

0 

0 




Heasman, B. R. . 


2 

0 

0 




Heilbron, I. M. 


10 

0 

0 




Hellon, R. . . 


. 


. 

1 

1 

0 (deceased) 

Henderson, G. G. 


5 

0 

0 




Henley, The Hon. F. R. . 


5 

0 

0 




Henry, T. A. . 


10 

0 

0 




Henstoek, H. . 


1 

1 

0 




Heycock, C. T. . 


10 

10 

0 




Hill, C. A. 


10 

0 

0 




Hills, H. F. . 


5 

0 

0 




Hills, W. . . . 


5 

5 

0 




Hmkel, L. E. . 


1 

0 

0 




Hislop, R. F. . 






5 

0 per annum 

Holcroft, H. 




. 


10 

0 

Hooker, S. 0. . 


10 

0 

0 




Hooper, E. Grant . 


5 

0 

0 




i Hornby, R. . 


5 

0 

0 




-Horton, H. V. . 



5 

0 




$ Howard, D. R. 


20 

0 

0 
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Donations. 



Subscriptions. 




£ 

s. 

d. 

£ 

8. 

d. 

Ingold, C. K. . 



3 

0 

0 




Irvine, Sir James 



. 


. 

3 

0 

0 per annum. 

Irwin, W. 



15 

0 

0 




Jackson, S. 



7 

10 

0 




Jacob, C. W. . 






1 

0 

0 

Jenkins, J. H. B. 



5 

5 

0 




Kenner, J. 




5 

0 




Sapping, F. S. 



10 

0 

0 




Kynaston, J. W. 





. 

1 

0 

0 

Lamb, E. 



5 

0 

0 




Lampitt, L. H. 



1 

10 

0 




Lapworth, A. . 



20 

0 

0 




Lattey, W. T. . 



2 

0 

0 




Laurie, A. P. . 



. 



1 

0 

0 

Law, H. E. 



10 

0 

0 




Leathes, J. B. . 



15 

0 

0 




Lessner, C. 



10 

0 

0 




Levy, S. I. 



. 


. 

1 

1 

0 

Lewis, E. W. . 





# 


10 

0 „ 

Lewis, W. C. MeC. . 





. 

1 

0 

0 „ 

Lewis, W. J. . 



5 

0 

0 




Liveing, G. D. 



50 

0 

0 




Liversidge, A. 



25 

0 

0 




Low, A* M. 




10 

0 




Lowry, T. M. . 



5 

0 

0 




Lyons, A. B. . 





. 

1 

0 

o 

Macalpine, F. 0. 





. 

1 

0 

0 per annum from 









1926 

McBain, J. W. 



1 

0 

0 




McEwen, B. C. 



3 

3 

0 




McGowan, G. . 



1 

1 

0 




McKenzie, A. . 



3 

3 

0 




Main, H. 



1 

1 

0 




Marcan, A. 



5 

5 

0 




Martin, George, H. 



1 

0 

0 




Martindale, W. H. . 





. 

1 

0 

0 per annum 

Martineau, S. . 



25 

0 

0 




Matthews, D. J. 





. 


10 

0 „ 

Maxwell, M. 



10 

0 

0 




Meldrum, A. N. 



7 

10 

0 




Mellor, J. W. 



7 

10 

0 




Menzies, B. C. . 



4 

4 

.0 




Merrett, W. H. 





. 

1 

1 

0 for 1924 

Miers, Sir Henry A. 



8 

’ 0 

0 




Moody, G. T. . 





- 

5 

0 

0 per annum for 10 









years , 

Moore, T. S. 





. 

1 

0 

0 per annum 

Moyle, B. E. . 



5 

0 

0 




Muir, M. M. P. 






1 

0 

0 per annum for 5 









years 

Munroe, C. E. . 



10 

0 

0 






98 




99 


Silberrad, C. A. 
Silberrad, O. . 
Simpson, W. S. 
Small, F. B. . 
Smetliam, A. . 

.Smiles, S. 

Smith, Clarence 
Smith, Claude . 
Smith, F. C. 

Smith, J. D. M. 
Stansfield, A. . 
Steuart, D. R. . 
Stevenson, A. . 
Storr, B. V, 

Swan, E. 

Thackrah, J. R. 
"Thomas, H. W. 
Thompson, C. M, 
Thomson, R. W. M. 
Thorpe, J. F. , 
Treh&me, F. G. 
Tucker, T. 

Turbutt, R. B. 
Verma, P. L. . 


Donations . 
£ s . d. 

1 1 0 
10 0 0 


40 0 0 


6 0 0 
5 5 0 
10 0 
10 0 


10 10 0 


50 0 0 


Subscriptions. 

£ 5. d . 

10 0 per annum. 


£1 for 1924; 105. for 1925 
10 0 per annum for 5 
years 

10 0 per annum 

5 0 

110 occasionally 
10 0 per annum 


10 0 (resigned) 

2 0 0 per annum 

5 0 (deceased) 

10 0 per annum 
110 „ 

10 0 
10 0 


Voelcker, E. W. & J. A. . 


25 

0 

0 



Walker, A. . ' . . 


50 

0 

0 



Walker, Sir James . 


10 

0 

0 



Warwick, G. R. . 


1 

0 

0 



Whiteley, M. A. 

Williams, W. Carleton 


10 

0 

0 

10 

° „ 

Wilson, C. P. . ■ . 
Wilson, F. J. . . 


5 

0 

0 

10 

0 „ 

Withers, J. C. . 

Wooleock, W. J. XJ. . 


5 

0 

0 

1 0 

0 „ 

Wright, W. T. 

Wynne, W. P. . 


10 

0 

0 

5 5 

0 per annum 







years 

Young, G. W. 

Young, J. H. . 


2 

0 

0 

5 

0 per annum 

Young, Sydney 

- 

10 

0 

0 



Total . 

£1387 

2 

5 




THE LIBRARY. 

The Library will be closed for Stocktaking from Monday, August 
3rd, until Saturday, August 15th, 1925 (inclusive). During the 
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following four weeks (August 17th to September 12th), the Library 
will close daily at 5 p.m. 

LIST OF FELLOWS, 1925. 

The List of Fellows for 1925 is now in active preparation and 
will he supplied to those Fellows who make application to the 
Assistant Secretary by the 31st July, 1925. In order that the 
new List may be as complete as possible, Fellows are invited to 
notify any change of address, or other alteration, before that date. 


BERICHTE, 1915-1924, 

Sets of the Berichte from 1915 to 1924 (10 years) are now offered 
to Fellows of the Society at £22, carriage extra, Application 
should be made to Mr. S. E. Carr. 


List of papers, or Abstracts thereof, received between May 22nd 
and June 18th, 1925. (This List does not include the titles of 
papers which have been read at a Scientific Meeting or which have 
appeared in the Journal.) 

“ A low voltage standard cell.” By H. Mastin. 

“ Hydrogen and oxygen electrode titrations of some dibasic acids 
and of dextrose.” By H. T. S. Britton. 

“ Sulphur sesquioxide.” By I. Vogel and J, R. Partington. 

“ The relation of homogeneous to catalysed reactions. The 
catalytic decomposition of hydrogen iodide on the surface of 
gold.” By C. N. Hinshelwood and C. R. Prichard, 

“ The decomposition of carbon monoxide in the corona due to 
alternating electric, fields. Part I.” By M. Crespi and 
R. W. Lxtnt. 

“ The formation and stability of spiro-compounds. Part XII. 
Further evidence for the multiplanar configuration of the 
c^cfoheptane ring.” By J. W. Baker. 

“ The condensed ternary system phenol-water-salicylic acid.” 
By C. R. Bailey. 

“ The hydration of strong electrolytes and some properties of salt 
solutions.” By J. N. Sugden. 

“ The action of sulphur on amines . Part III, o-, m-, and p-Chlord- 
anilines.” By H. H. Hodgson and J. H. Wilson. 
r “ The system sodium sulphite-sodium hydroxide-water.” By 
IX L. HAivtMiCK and J. A. Currie. 
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“ Synthetical experiments in the isoquinoline group. Part V. 
Synthesis of substances allied to oxyberberine.” By R. D. 
Haworth, W. H. Perkin, and H. S. Pink. 

“ Amino benzothiazoles. Part II. The naphthylamino naphthi- 
azoles and their bromo derivatives. 9 ’ By R. F. Hunter. 

“ Negative adsorption : the surface tensions and activities of some 
aqueous salt solutions.” By A. K. Goard. 

“ The structure of a-campholytic acid, A correction.” By J. P. C. 
Chandrasena, C. K. Ingold, and J. F. Thorpe. 

“ The interaction of carbon dioxide and hydrogen on the surface 
of tungsten.” By C. N. Hinshelwood and C. R. Pricharb. 

4 4 Note on potassium antimonoxalate.” By L. H. A. Holmes and 
E. E. Turner. 

“ Studies on the Walden inversion. Part IX. The influence of 
the solvent on the sign of the product in the conversion of 
[3-bromo- (3-phenylpropionic acids to [3-hydroxy- (3-phenylpro- 
pionamides.” By G. Senter and A. M. Ward. 

“ c Co-ordination ’ and the periodic table.” By I. Aucken. 

“ Anode phenomena in the electrolysis of potassium ethyl malonate.” 
By J. B. Robertson. 

“ The isomerism of the styryl alkyl ketones. Part II. The 
isomerism of the homologues of 2-hydroxystyryl, and of 
3-methoxy-, and 4-hydroxy-styryl methyl ketones.” By A. 
McGoqkin and D. J. Sinclair. 

“ Hydrogen electrode studies of the precipitation of hydroxides. 
Part I. Magnesium, manganous, ferrous, cobalt, nickel, and 
thorium.” By H, T. S. Britton. 

“ Stereoisomeric azo-dyes.” By G. T. Morgan and D. G. Skinner. 

“ 4- and 4'-Methoxybenzoylbenzoin.” By H. Greene. 

u The relative rates of conversion of phenoxyphenyldichloroarsine 
and its chloro-derivatives into chlorophenoxarsines.” By 
E. Roberts and E. E. Turner. 

“ Chemistry of petroleum. Part II. The action of sodium hypo- 
chlorite on types of sulphur compounds found in petroleum 
distillates.” By S. F. Birch and W. S. G. P. Norris. 

“ Derivatives of S-o-aminobenzoylvaleric acid.” By M. J. Paterson 
and S. G. P. Plant. 

“ The action of formic acid on certain sesquiterpenes,” By J. M. 
Robertson, C. A. Kerr, and G. G. Henderson. 

“ Syntheses of disulphoxides.” By D. T. Gibson, C. J. Miller, 
and S. Smiles. 

“ The effect of gum arable and other emulsifiers on the acid hydro- 
lysis of esters in heterogeneous systems.” By R. C. Smith. 

“ Lithium arc spectrum for polarimetrie use.” By P. C. Austin. 
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“ Bismuth dihydride.” By E. J. Weeks and J. G. F. Deuce. 

“ Beduction product of the hydroxyanthraquinones. Part VI.” 
By A. G. Perkin and G. Yoda, 

44 A wandering of the acetyl group during methylation.” By 0. 
Kubota and A. G. Perkin. 

44 The supposed formation of 1 : 2 : 4-oxadi-imine rings from nitroso- 
compounds and methylenearylamines.” By G. N. Burk- 
hardt, A. Lapworth, and E. B. Bobinson. 

“ The reaction of bromine with aliphatic acids. Catalytic effect 
of acyl halides.” By H. B. Watson. 


ADDITIONS TO THE LIBRABY. 

I. Donations . * 

Clarke, Frank Wigglesworth. The data of geochemistry. 
5th edition. Washington 1924. pp. 842. (j Reed. 26/5/25.) 

From the Author. 

Daniels, George William. Befrigeration in the chemical 
industry. London 1925. pp. x + 141. ill. (Reed, 29/5/25.) 

From the Publisher : Mr. A. J. Bayment. 

Eastman Kodak Company. Abridged scientific publications 
from the Research Laboratories. Vol. VIII, 1924. Bochester, 
N.Y. 1925. pp. 156 + vi. ill. (Reference.) 

From the Eastman Kodak Company. 

Imperial College Chemical Society. Journal. Vol. IV, 
containing the papers read during the session 1924 — 1925. London 
1925. pp. 54. ill. ( Reference .) From the Society. 

Klar, M. The technology of wood distillation with special 
reference to the methods of obtaining the intermediate and finished 
products from the primary distillate. Translated [from the 2nd 
German edition] by Alexander Rule. With an additional 
chapter by the translator. London 1925. pp. xvi + 496. ill. 
25$. net. (Reed, S/6/25.) 

From the Publishers : Messrs. Chapman & Hall. 

Morrice, Alexander. A treatise on brewing : wherein is 
exhibited the whole process of the art and mystery of brewing the 
various sorts of malt liquor; with practical examples upon each 
species. Together with the manner of using the thermometer and 
saccharometer ; elucidated by examples, and rendered easy to any 
capacity, in brewing London porter [etc.]. London 1802. pp. 
rfr V to 180 .+ [xii]. ill. (Reference.) 
iigSlr,'' From Dr.. Alexander Scott. . 
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National Benzole Association and University of Leeds. 
Joint Benzole Research Committee . Second report. London 1925. 
pp. 246. ill. (Reed. 18/5/25.) 

From the National Benzole Association. 

Organic Syntheses : an annual publication of satisfactory 
methods for the preparation of organic chemicals. Vol. IV. 
Edited by Oliver Kamm [and others]. New York 1925. pp. 
viii + 90. 7$. 6d. net. (Reed. 22/5/25.) 

From the London Publishers : Messrs. Chapman Sc Hall. 

Tiba. Revue Generate de Teinture Impression Blanchiment 
Appret et de Chimie Textile et Tinctoriale et Revue de la Soie 
Artificielle. Year II, etc. Paris 1924 +. (Reference.) 

From the Publishers. 

H. By Purchase. 

Birtwhistle, George. The principles of thermodynamics. 
Cambridge 1925. pp. x + 164. ill. 7s. 6 d. net. (j Reed. 10/6/25.) 

Chemical Engineering and Chemical Catalogue 1925 : a 
catalogue of heavy and fine chemicals, raw material, machinery, 
plant and equipment applicable to production industries. Compiled 
with the co-operation of leading British manufacturers by Leonard 
Hill. Edited by Dudley Maurice Newitt. London 1925* 
pp. 260. ill. (Reference.) 21$. net. 

Dukes, Cuthbert. The bacteriology of food. London 1925. 
pp. xii + 180. ill. 7s. 6cL net. (Reed. 10/6/25.) 

Friend, John Newton. [Editor.] A text-book of inorganic 
chemistry. Vol. III. Part i. The" alkaline earth metals. By 
May Sybil Burr (n6e Leslie). London 1925. pp. xxvi + 346. 
(Reference.) 20$. net. 

Howe, H. E. [Editor.] Chemistry in industry : a cooperative 
work intended to give examples of the contributions made to 
industry by chemistry. New York 1924. pp. xiv + 372. ill. 
6s. net. (Reed. 16/4/25.) 

Jorgensen, Alfred. Micro-organisms and fermentation. 5th 
edition. Revised by the Author with the assistance of S. H. 
Davies. London 1925. pp. xiv + 468. ill. 30$. net. (Reed. 
10/6/25.) 

Johnson, J. B. Materials of construction. Rewritten by M. O. 
Withey and James Aston. Edited by F. E. Turneaure. 6th 
edition. New York 1925. pp. xx + 866. ill. 30$. net. (Reed. 
13/5/25.) 

Klooster, Henry S. van. Lecture and laboratory experiments 
in physical chemistry. 2nd edition. Easton, Pa. 1925. pp. x + 
274. ilk 12$. net. (Reed. 15/5/25.) 



104 


Ladoo, Raymond B. Non-metallic minerals : occurrence — 
preparation — utilization. New York 1925. pp. viii + 686. ill. 
30^. net. (Reed. 10/6/25.) 

Loud, Leonard J. Practical butter and cheese making. 
London 1925. pp. 200. ill. 105. 6 d. net. (Reed. 13/5/25.) 

Mellor, Joseph William. Modern inorganic chemistry. New 
edition. London 1925. pp. xx + 1104. ill. 125. 6 d. net. (Reed. 
15/5/25.) 

Newman, Frank Herbert. The production and measurement 
of low pressures. London 1925. pp. 192. ill. 165. net. (Reed. 
10/6/25.) 

North, Sydney H., and Garbe, J. B. Low temperature dis- 
tillation, home oil supply and the utilization of “waste” coal. 
London 1925. pp. vi + 2J6: ill. 155.net. (Reed. 13/5/25.) 

O’Brien, W. B. Factory practice in manufacture of azo dyes. 
Tipton, Pa. 1924. pp. viii + 176. ill. 225.6d.net. (Reed. 16/4/25.) 

Parry, Ernest John. Parry’s cyclopaedia of perfumery. 2 vols. 
London 1925. pp. vi + 840. (Reference.) 3 6s. net. 

Richmond, Henry Droop. The laboratory book of dairy 
analysis. 3rd edition. London 1925. pp. viii + 118. ill. 5s. 
net. (Reed. 15/5/25.) 

, Sns, James. Steam condensing plant in theory and practice. 

' London 1925. pp. xiv + 272. ill. 185. 6d. net. (Reed. 10/6/25.) 

Thompson, Maurice de Kay. Theoretical and applied electro- 
chemistry. Revised edition. New York 1925. pp. xx + 552. 
iE. 205. net. . (Reed. 13/5/25.) 

Thomson, Sir Joseph John. The electron in chemistry : being 
five lectures delivered at the Franklin Institute, Philadelphia. 
[Philadelphia] 1923. pp. vi + 144. ill. 105. 6d. net. (Reed. 
15/5/25.) 

Vedder, Edward B. The medical aspects of chemical warfare. 
With a chapter on the naval medical aspects of chemical warfare 
by Duncan C. Walton. Baltimore 1925. pp. xvi -f 328. ill. 
325. 6d.net. (Reed. 26/5/25.) 

, Wells, Harry Gideon. The chemical aspects of immunity. 
New York 1925. pp. 254. 20s. net. (Reed. 18/5/25.) 

Williams, George Bransby. Sewage disposal in India and 
the East. Calcutta 1924. pp. x + 230. ill. 175. 6 d. net. 
(Reed. 13/5/25.) 

. Wood, Thomas Barlow. Animal nutrition. London 1924. 
pp. viii + 226, 45. 6d.net. (Reed. 15/5/25.) 

World Power Conference, First. London 1924. Trans- 
fer S vols. London [1925]. pp. xxiv + 1506, xviii + 1600, 
+ 150^, xx + 1816. (Reference.) 



PROCEEDINGS 

OF THE 

CHEMICAL SOCIETY. 

/Ordinary Scientific Meeting, Thursday, October 15th, 1925, 
at 8 p.m., Dr. Arthtjb W. Crossley, C.M.G., C.B.E., D.So., F.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellow’s : 

Elected . Died . 

May 3rd, 1923. July 3rd. 

Feb. 1st, 1872. Aug. 25th. 

April 1st, 1869. Sept. 5th. 

April 15th, 1880. June 8th. 

Dec. 15th, 1892. July 27th. 

Feb. 6th, 1879. Aug. 1st. 
Dec. 6th, 1917. Oct. 8th. 

Dec. 15th, 18S1, Aug. 1st. 

Feb. 21st, 1918. July 26th* 

The President announced that : 

1. The first of the two Informal Lectures to be held this Session 
will be delivered in the Rooms of the Society on Thursday, 
November 26th, 1925, by Professor R. Robinson, D.So., F.R.S., 
who has chosen as his subject : 

* 4 Recent Researches on the Structural Relationships of 
Some Plant Products.” 

Special attention is drawn to the fact that the lecture will be 
delivered at 6 o'clock instead of at 8 o'clock as stated on the meeting 
card. 

2, Following the innovation made in October, 1923, it has 
been decided to hold next month a united dinner for British Chemists. 
The dinner, to be called 4 4 British Chemistry Dinner ” is under the 
auspices of the Chemical Society, the Institute of Chemistry, the 
Society of Chemical Industry, the Association of British Chemical 
Manufacturers, the Institution of Petroleum Technologists,' the 
Society of Public Analysts, the Bio-Chemical Society, the Oil and 
Colour Chemists* Association, and the Chemical Industry Club, 


Richard Burtles 

Charles Frederick Chandler 
William Henry Deering . . . 
William J oseph Dibdin . . . 

Samuel Jackson 

Francis Robert Japp 

Reginald A. Joyner 

Daniel Rankin Steuart . . . 
Leonard E. Vlies 
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and will be held at the Connaught Rooms, Great Queen Street, 
W.C. 2, on Friday, November 13th, 1925, at 6.30 for 7 p.m. Dr. 
W. R. Ormandy, Chairman of the Chemical Industry Club, will 
preside. 

The price of the tickets is 15s. each (not including wine) for 
lady or gentleman, and as the accommodation is limited to about 
400, early application is advisable. 

Besides the Loyal Toasts, there will be only two other Toasts, 
namely, u The Profession and Industry of Chemistry ” and “ The 
Guests.” After dinner, there will be dancing and musical items. 

Application for tickets (15s. each), with remittance, should be 
sent to the Secretary of the Chemical Industry Club, 2, Whitehall 
Court, S.W.l. 

3. The Selection Committee of the Harrison Memorial Prize 
will meet shortly to consider the award of the Harrison Prize. 

The Prize, of the value of about £150, is to be awarded to the 
chemist of either sex being a natural born British subject and 
not at the time over thirty years of age, who, in the opinion of the 
Selection Committee, during the previous five years has conducted 
the most meritorious and promising original investigations in any 
branch of pure or applied chemistry and published the results of 
those investigations in a scientific periodical or periodicals. 

Provided that in the opinion of the Selection Committee there 
is a candidate of sufficient distinction to warrant an award of the 
Prize, the award is to be made in December, 1925. 

The Selection Committee is prepared to receive applications, 
nominations or information as to candidates eligible for the Prize. 
Any such information must be received by The President, The 
Chemical Society, Burlington House, Piccadilly, W. 1, not later 
than Tuesday, December 1st, 1925. 

4. As Fellows are already aware, the Council has approved the 
proposals of the Bureau of Chemical Abstracts (see Procs. for June, 
1925), aiming at the unification of abstracts of chemical papers 
in this Country. As a consequence of the arrangements made, 
44 British Chemical Abstracts ” will appear as from January, 1926, 
in two sections, namely, A (Pure Chemistry) and B (Applied 
Chemistry), and will be in the same format and type, without 
overlap, and with one common index at the end of the year. The 
format adopted is that at present employed for the “ B ” Abstracts ; 
beginning, therefore, with January, 1926, Fellows will receive the 
Abstracts in Pure Chemistry in quarto double-column size. This 
clearly means a break with the past, so far as the Chemical Society 

but the Council trusts that in the interests of co-oper- 
"Fellows will accept these changes with loyalty. 
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5. The price of the Annual Reports for 1925, VoL XXII, will 
be the same as for Vol. XXI, namely 5s, 6d . post free to those Fellows 
who apply by Christmas Day, 1925. Application should be made 
to the Assistant Secretary, and must be accompanied by a remittance 
for 5s. 6 d. 

6. Volume I of the Memorial Lectures has been reproduced by 
a photographic process, and is now on sale at the Publishers, Messrs. 
Gurney & Jackson, 33, Paternoster Row, E.C. 4, price to Fellows 
95. post free. 

7. Sets of the Berichte from 1915-1924 (10 years) can be obtained 
on application to the Assistant Secretary at the reduced price of 
£22, plus carriage. 

8. In continuance of the arrangement made with the American 
Chemical Society, the Journal of the American Chemical Society, 
Industrial and Engineering Chemistry , and Chemical Abstracts, can 
be obtained by Fellows at the following reduced rates : 

Price for any one journal $7.25, post free, 

Price for any three journals $17.50, post free, 

while Chemical Reviews is offered to Fellows at $4.50, post free. 
Applications should be made as soon as possible to Dr. Charles L. 
Parsons, Secretary, American Chemical Society, 1709, G. Street 
N.W., Washington, D.C., U.S.A. 

The Journal of Physical Chemistry is obtainable by Fellows at 
$8.00 post free, published at $10.00. Application should be made 
to the Journal of Physical Chemistry , Ithaca, N.Y., U.S.A. 

9. A meeting of the Research Fund Committee will be held in 
December next. Applications for Grants, to be made on forms 
obtainable from the Assistant Secretary, must be received on or 
before Tuesday, December 1st, 1925. Applications from Fellows 
will receive prior consideration. 

AH persons who received Grants in December, 1924, or in 
December of any previous year, whose accounts have not been 
closed by the Council, are reminded that Reports must be returned 
by December 1st. 

The following were formally admitted Fellows of the Chemical 
Society : G. M. Bullick, C. G. Trew, I. C. P. Smith, W. G. Corderoy, 
E. H. Warren, I. A. Smith, C. F. Flint, R. R. Garran, N. M. Bligh, 
and E. C. Padgham. 

Certificates were read for the first time in favour of : 

Robert Leslie Andrew, Dominion Laboratory, Wellington, New Zealand. 
Louis Baissac, Ctirepipe Road, Mauritius. 

William Francis Barker, Ph.D., Rhodes University College, Grahamstown, 
S. Africa. 

Ralph Basden, The Technical College, Newcastle, N.S.W. 
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Frank Bell, 11, Edwy Parade, Gloucester. 

Arthur Neville Copnall Bennett, B.Sc., 27, Dale Road, Luton. 

John Cecil Bird, B.Sc., A.I.C., 72, Dyne Road, Kilbum, N.W. 6. 

Lionel Christopher William Birkett, B.Sc., Moor House, North Road, Spenny- 
moor. 

James Boyd, F.I.C., P.O. Box 1162, Johannesburg. 

Frank Symonds Bradhurst, c/o Messrs. Holbrooks, Ltd., Danks Street, 
Waterloo, Sydney. 

John Hildred George Carlile, B.Sc., A.R.C.S., 29, Orlando Road, Clapham, 
S.W. 4* 

Leslie James Chalk, B.Sc., 14, Shrubbery Road, Southall. 

Rama Charan, B.Sc., B.Sc.Tech., 12, Bank Road, Allahabad. 

Edward Mortimer Crowther, D.Sc., F.I.C., Rothamsted Experimental Station, 
Harpenden, Herts. 

Frank Edwin Dickinson, Research Establishment, Sutton Oak, St. Helens. 
William Donovan, M.Sc., Dominion Laboratory, Wellington, New Zealand, 
John Stanley D unn , M.A., Ph.D., A.I.C., 39, Victoria Park, Cambridge. 
Edwin Francis Edwards, c/o Messrs. Holbrooks, Ltd., Waterloo, Sydney. 
John Moelwyn Edwards, 92, Jamaica Road, Rotherhithe, S.E. 16. 

James Walter Shanks Gemmell, B.Sc., Helen’s Villa, Fleming Place, St. 
Andrews. 

Francis Reginald Glover, 98/100, St. Peters Street, Nottingham. 

Felix John Theodore Grigg, M.Sc., A.I.C., Government BuildingB, Christ- 
church, New Zealand. 

John Hall, M.Sc., A.I.C., 202, Burton Road, Derby. 

Herbert Sim Hirst, B.Sc., Trinity College, Cambridge. 

Torn Iwadare, c/o Banyu Pharmaceutical Co., Ltd., 174, Shimomeguro, 
Tokyo, Japan. 

David Christopher Mendis Jayewardene, Fern Bank, Moratuwa, Ceylon. 
Charles Benjamin Johnson, 134, Preston New Road, Blackburn. 

Walter Idris Jones, Ph.D., B.Sc., 7, Manor Street, Cambridge. 

Charles King, 141, Bath Street, Glasgow. 

Frederick Karl Victor Koch, B.Sc., A.R.C.S., 9, Crossfield Road, Hampstead, 
N.W.3. 

Charles Dudley Langford, B.Sc., A.R.C.S., 43, Ashbourne Avenue, Temple 
Fortune, N.W. 11. 

Henry Guinness de Laszlo, B.A., Ph.D., 3, Fxtzjohn’s Avenue, Hampstead, 
N.W. 3. 

Sam Lenher, B.A., 15, Gordon Street, W.C. 1. 

William Macartney, c/o Messrs. Grattan & Co., Ltd., Belfast. 

William Francis Martin, F.I.C., 27, Shandon Crescent, Edinburgh. 

Arthur Moore, Highfield, Oakworth, Keighley. 

John Blackburn Murgatroyd, 90, St. George’s Square, S.W. 1. 

ChitsukhJal Hiralal Nanavati, 80, Esplanade Road, Fort, Bombay. 

Anna Maria O’Mara, 83, Elshara Road, Holland Park, W. 14. 

Norman Frederick Parker, B.A., A.I.C., 45, SeUons Avenue, Harlesden, 
N.W. 10. 

Marjorie Ellen Pring, B.Sc., 66, St. Augustine’s Avenue, S. Croydon. 

Herbert Charles Roberts, 15, Estcourt Terrace, Headingley, Leeds. 

George Baty Scott, 37, Woodbridge Road, Knowle, Bristol. 

S ’" ert Boswood. Seammell, B.Sc., c/o Messrs. F. H, Faulding & Co., Ltd., 
Castlareagh Street, Redfem, Sydney. 

Shan, Agricultural Farm, Mandalay. 
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Dalip Singh, Ph.D., near Tehsil P.O., Lahore. 

William Veale Thorpe, B.A., 270, Balham High Road, S.W. 12. 

William Milbum Towler, B.Sc,, 28, Denton Avenue, Roundhay, Leeds. 
David Traill, B.Sc., 58, Chalmers Street, Dunfermline. 

Donald Morrison Turner, 40-42, Lexington Street, W. 1. 

Geoffrey Turner, B.Sc., 85, Winchester Avenue, Leicester. 

Frederick Henry Webb, St. Malo, Jameson Road, Harpenden, Herts. 

Hugh Amphlett Williams, 249, Kennington Road, S.E. 11. 

Robert Harding Williams, 131, Anlaby Road, Hull. 

John James Benjamin Wolfe, 24, Greyhound Road,. Hammersmith, W. 6. 
John Frederick Zimmermann, 17, Stile Hall Gardens, Chiswick, W. 4. 

The following papers were read : 

“ The effect of ultra-violet light on dried hydrogen and oxygen.” 

By H. B. Barer and M. Carlton. 

“ A new per-oxide of barium.” By M. Carlton. 

“ The production of oxide-films on copper at ordinary temper- 
atures.” By U. R. Evans. 

“ The structural isomerism of the oximes. Part III. The benzil- 
monoximes.” By A. H. Atack and F. W. Atack. 


List of papers, or abstracts thereof, received between June 18th 
and October 15th, 1925. (This list does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 

“ The action of sulphuretted hydrogen on a neutral solution of potassium 
permanganate, 1 * By H. B. Dunnicuff and S. Dayal. 

“Note on the preparation of thiocarbanilide. 11 By S. J. C. Snedker. 

“ Studies with the microbalance. Part II. The photochemical decom- 
position of silver chloride. 11 By E. J. Harttjng. 

“ Preparation, hydrolysis and reduction of the isomeric fluorobenzyl bromides. 1 1 

By J. B. Shoesmith and R. H. Slater. 

“ The action of silica on electrolytes. Part II. 11 By A. F. Joseph and H. B. 
Oakley, 

“ The formation and growth of silver nuclei in the decomposition of silver 
oxalate. 11 By J. Y. Macdonald and C. N, Hinshelwood* 

“ Researches in the menthone series. Part I. 11 By J. Read and A. M. R. 
Cook, 

“ Studies in adsorption by the application of optical methods. Fixation by 
dispersoids of methylene-blue within the disperse phase. 11 By A. Fodor 
and R. Riwlin. 

“ The physical chemistry of the metal-ammonium complexes. Part I. 
The blue of the copper-ammonium complexes, 11 By S. S. Bhatnagar, 
M, Prasad and D. Nath. 

“ The correlation of absorption spectra with ionisation in violuric acid. 11 

By R. A. Morton and A, H. Tipping. 

“ Absorption spectra and lactam-lactim tautomerism. 51 By R. A. Morton 
and E. Rogers. 

“ The heat of combustion of salicylic acid. 11 By E. Berner. 
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“ An electrometric and phase rule study of some basic salts of copper.” By 
H. T. S. Britton. 

** The distribution of pyridine between water and benzene.” By R, M. 
Woodman and A. S. Corbet. 

“ The velocity of decomposition of oxalic acid in solution.” By D. L. Watson. 

“ The absorption of gases in colloidal solutions.” By A. Gatterer. 

“ A circulation apparatus for gases.” By N. G. Chatterji and G. I. Finch. 

“ 2 : 4-Binitrophenylhydrazine as a reagent for aldehydes and ketones.” 
By O. L. Brady and G. V. Elsmie. 

“ The methylation of the oximes of benzil.” By 0. L. Brady and H. M, 
Perry. 

“ The alkaline oxidation of some carbohydrates by means of dyestuffs, con- 
sidered quantitatively.” By E. Knecht and E. Hibbert. 

* ‘ Unstable states of solutions of sodium behenate.” By M. E. Laing and 
collaborators. 

4 ‘ Note on the preparation of p-nitrophenylhydrazine.” By H. H. Hodgson 
and H. G. Beard. 

“The preparation of 2-nitrd-l -halogen naphthalenes and of £-ni tr onaph thal - 
ene.” By H. H. Hodgson and E. Kjlner. 

“ The swelling and dispersion of some colloidal substances in ether-alcohol 
mixtures.” By E. W. J. Mardles. 

“ The relationship of salts in dilute aqueous solution as determined by their 
influence on the critical solution temperature of the system phenol- 
water.” By J. H. Carrington, L. It. Hickson, and W. H. Patterson. 

“ The colorimetric dissociation constants of dinitrocatechol and dinitro- 
resorcinol.” By F. C. Laxton, E. B. It. Prideaux, and W. H. Radford. 

“ The cyanine dyes. Part IX. The mechanism of the condensations of 
quinaldine alkiodides in presence of bases.” By W, H. Mills and K. 
Paper. 

“ Dibenzylquinaldine.” By W. H. Mills and A. T. Akers. 

“The action of nitrous acid upon amides and other ‘amino’ compounds.” 
By R. H. A. Plimmer. 

“ Olefinic terpene ketones from the volatile oil of flowering Tagete# glanduli* 
fera . Part I.” By T. G. H. Jones and F. B. Smith. 

“ On the interaction between copper and sulphuric acid.” By C. W. Rogers. 

“ Trypanocidal action and chemical constitution. Part II. Arylamides of 
4-aminophenyl-arsinic acid,” By H. King and W. 0. Murom, 

“ The butyl esters of the simpler amino-acids. Part I.” By W. T. J. 
Morgan. 

“ The influence of salts in ethyl alcohol solution on the mutual miscibility 
temperature of the system ethyl alcohol-paraffin.” By E. J. Howard 
and W. H. Patterson. 

“ Condensations of the sodium derivatives of trimethylene glycol and glycerol.” 
By A. Fairbourne and G. E. Foster. 

* ‘ An investigation of the effect of differential aeration on corrosion by means 
of electrode potential measurements.” By A. L, McAtjlay and F. P. 
Bowden, • 

“ The recognition of allotropy in metals.” By D, Stgckdale. 

“ Solubility influences. Part I. The effect of some salts, sugars, and tem- 
perature on the solubility of ethyl acetate in water.” By S. Glasstone 
and A. Pound. 

4 Experiments on the synthesis of apofenchocamphoric acid* Preparation 
of aa-dimettiyl-j9'-carboxyadipic acid.” By K. C, Roberts, 
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“ Electrometric study of the reactions between alkalis and silver nitrate 
solutions.” By H. T. S. Britton. 

“ Electrometric separation of the iodide, bromide and chloride of silver.” 
By H. T. S. Britton. 

“ Reduction products of the hy droxyanthraquinones . Part VII.*' By W. B. 
Miller and A. G. Perkin. 

“ Chloro -derivatives of m -hy dr oxy benzaldehy de . ’ * By H. H. Hodgson and 
H. G. Beard. 

“ The nitration of m-bromophenol.” By H. H. Hodgson and F. H. 
Moore. 

“ The reduction of arsenic compounds by sodium hyposulphite. The produc- 
tion of subsulphides of arsenic.” By W. Farmer and J. B. Firth. 

“ The electrical conductivities of hydrochloric acid and potassium chloride 
in water and acetone-water mixtures.” By T. K. Brownson and F. M. 
Cray. 

“ Metallocyclic compounds. Part I. Compounds of tellurium,” By H. B. K. 
Brew. 

“ The action of hydrogen fluoride on compounds of selenium and tellurium. 
Part I. Selenium dioxide.” By E. B. R. Prideaux: and J. O’N. 
Millott. 

“ The resolution of an asymmetric arsenic compound into its optically active 
forms.” By W. H. Mills and R. Raper. 

“ The electrical conductivity of phosphorus pentachloride.” By G. W. F. 

Holroyd, H. Chadwick, and J. Mitchell. 

“ Hydrogen electrode studies of the precipitation of basic chromates, borates 
and carbonates.” By H. T. S. Britton. 

“ The relation between chemical constitution and pungency in acid amides.” 
By E. C. S. Jones and F. L. Pyman. 

“ The rate of reaction of bromine with aqueous formic acid.” By D. L. 

Hammick, W. K. Hutchison and F. R. Snell. 

“ The quaternary salts of benzoxazoles,” By L. M. Clark. 

“ Ty'-Bichloropropyl sulphide.” By G. M. Bennett and A. L. Hock. 

“ Synthesis in the thianthren series. Part II.” By M. Sen and J. N. Ray. 
“ Some lactonic esters derived from phenacyl bromide by condensation with 
ethyl sodiomalonate and analogous substances.” By R. M. Ray and 
J. N, RAy. 

“ The velocity of decomposition of heterocyclic diazonium salts. Part I. 
Biazonium salts of the pyrazole and pyrazolone series.” By J, Rnnxy 
and B. Madden. 

“ Orientating ©fleets in the diphenyl series.” By H. G. Bennett and E. E. 
Turner. 

“ The relative directive influence of polar and steric effects on ring closure.” 

By R. W. J. Smith and E. E. Turner. 

“ The configuration of the ammonium ion.” By W. H. Mills and E. H. 
Warren. 

Symmetrical substitution derivatives of trimethylene bromide and penta- 
methylene bromide.” By W. H. Mills and L. Bains. 

“Further studies on a new chlorinating agent preparation of poly chloro - 
derivatives of toluene.” By O. Silberrad. 

“ The equilibrium in the systems aluminium sulphate-copper sulphate-water 
and aluminium sulphate-ferrous sulphate-water at 25®.” By V, J. 
Occleshaw. 

“Reactions of the meso-hydroxyanthrones.” By M. A. Matthews. 
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“ The influence of different nuclei on the absorption spectra of substances.” 
By J. E. Purvis. 

“ The occurrence of sylvesirene.” By B. S. Kao and J. L. Simonsen. 

“ The partial formaldehyde vapour pressures of aqueous solutions of form- 
aldehyde. Part II.” By W. Ledbury and E. W, Blair. 

“ Trypanocidal action and chemical constitution. Part III. Arsinic acids 
containing the glyoxaline nucleus.” By I. E. Baiaban and H. King. 

“ The preparation of tertiary arsines by the Friedel-Crafts reaction.” By 
A. F. Hunt and E. E. Turner. 

“ Equilibrium in the system : CH 3 C00CH 3 +H 2 0 CHgOH+CHgCOOH.” 
By G. J. Burrows. 

“ The parachor and chemical constitution. Part III. Orientation isomerism 
in, aromatic compounds.” By S. Sugden and H. Wilkins, 

“ The aluminioxalates of some optically active bases.” By T. B. Child, E. 
Roberts, and E. E. Turner. 

“ On the equilibrium between methylformate, methanol and hydrogen, and 
some related equilibria.” By J. A. Christiansen. 

“ Hydrogen electrode studies of the reactions between solutions of salts of 
weak metallic bases and the acetate, oxalate and tartrate of sodium, 
with a note on the effect of dextrose on zirconium chloride solution.” 
By H* T. S, Britton. 

u The conversion of r-phenyl- a-naphthyl-glycollic acid into ketones.” By 
A. McKenzie and H. J. Tattersall. 

“ Studies of equilibrium in systems of the type Al 2 (S0 4 ) s -M''S0 4 ~H 2 0. Part 
II. Aluminium sulphate-nickel sulphate-water at 30°. ” By R. "M. 
Caven and T. C, Mitchell. 

4 ‘The system silver sulphate-aluminium sulphate-water at 30°. ” By R. M. 
Caven and T. G. Mitchell. 

“ Change of crystal habit of some salts when crystallised from silicic acid 
gel.” By H. A. Fells and J. B. Firth. 

“The ionic activity product of water in glycerol-water mixtures.” By J. 

■ ' Colvin. ... 

“ 2-ra-Xylidino-5*ethoxy-4 ; 5-dihydrothiazole.” By V. K. NiMKAR and 
F» L. Pyman. 

“ The change in the absorption spectra of aromatic nitro-conapounds in liquid 
ammonia with time.” By W. E. Garner and 3EL F. Gillbe. 

“ Nitrosyl sulphuric acid. Part I.” By G. A. Elliott, L, L. Kleist, and 
H. W. Webb. . 

“ The action of acetyleneteirabromide on organic bases.” By J. D, Fulton. 

Production of cycfctelluripentanedionedichlorides.” By G. T. Morgan 
(with F. J. Corby, O, C. Elvxns, E. Jones, R. E. Kellett, and C. J. A. 
Taylor). 

“ Interactions of tellurium tetrachloride and monoketones.” By G. T. 
Morgan and 0. C. Elvins. 

“A note on the sulphonation of 4-chIoro-phenoI.” By J. M. Gauntlett 
* and S. Smiles, 

“ Some analogues of adrenalone. Part I.” By F. Matthews, 

“ The relationship between the optical rotatory powers and the relative 
configurations of optically active compounds. Part II. The relative 
configurations of the optically active mandelic acids and ^-phenyl-lactic 

t acids,” By G. W. Clough. 

K ynthesiis of 2 ; 3 : 5-trimethyl glucose.” By J. C. Irvine and J. W. H. 
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14 The oxidation of certain sesquiterpenes with chromyl chloride and chromic 
acid.” By D. T. Gibson, J. M. Robertson, and J. Sword. 

44 Tesla-luminescence spectra. Part VI. Some amino-derivatives.” By 
W. H. McVicker, J. K. Marsh, and A. W. Stewart. 

44 Glyceryl glucoside.” By H. S. Gilchrist and C. B. Purves. 

“ A comparison of methods of measuring the polarity of surfaces.” By 
N. K. Adam, R, S. Morrell, and R. G. W. Norrisk. 

44 oycloHea;anespirocyclo^ea;ane.” By W. S. G. P. Norris. 

44 The effect of heat on chloral hydrate.” By J. D. Mounfield and J. K. 
Wood. 

44 The solubilities of sodium, potassium and calcium ferrocyanides. Part I.” 
By M. P. Abblebev and M. Farrow. 

44 Isomeric change of aromatic compounds. Part I. The conversion of 
diacylanilides into acylaminoketones.” By A. W. Chapman. 

44 Nitrosyl sulphuric acid.” By F. J. Wilson and H. W. Webb. 

44 The constitution of the metallic ozonides.” By E. C. C. Baly and R. W. 
Riding. 

44 The influence of substituents on the stability of Schiffs bases. Part I. 
Hydrolysis of nitro- and methoxy-benzylidene anilines,” By E. M. 
Langman, W. Healey, and P. K. Dutt. 


ADDITIONS TO THE LIBRARY. 

I. Donations. 

Abderhalden, Emil. [Editor.] Handbueh der biologischen 
Arbeitsmethoden . Abt. I, Ghemische Methoden, Teil 0, Heft, iii, 
Abt. Ill, Physikalisch-chemische Metboden, Teil A, Heft v. Berlin 
1925. pp. [268] + xxiv, [136]. ill. M. 12.30, M. 5.70. (Becd. 
12/9/25.) From the Publishers : Herren Urban & Schwarzenberg. 

Australian Journal of Experimental Biology and Medical 
Science. Vol. I, etc. Adelaide 1924 +. {Reference,.) 

From the Publishers. 

Berry, Arthur John. Volumetric analysis: with a chapter 
on simple gravimetric determinations. 3rd edition. Cambridge 
1925. pp. viii + 152. ill, 95. net. {Becd. 9/10/25.) 

From the Syndics of the Cambridge University Press. 

Brun, P. L’industrie des cyanures. Paris 1925. pp. 470. 
ill. 20 fr. net. {Becd. 22/9/25.) 

From the Publisher : M. Gaston Doin. 

Bunbury, Hugh Mills, and Davidson, Alfred. The industrial 
applications of coal tar products. London 1925. pp. xii + 284. 
425.net, {Becd. 7/9/25.) 

From the Publishers : Messrs^ Ernest Benn. 

Cohen, Julius Berend, and Ruston, Arthur G, v Smoke: a 
study of town air. [2nd] edition. London 1925. pp. xii 4* 108. 
ill. $5. 6d. net. (Becd. 14/10/25.) 

From the Publishers : Messrs. Edward Arnold & Co. 
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Eastman Kodak Company, Aerial haze and its effect on photo- 
graphy from the air. Rochester, N.Y. 1923. pp. 84. ill. {Reed. 
16/6/25.) Prom the Eastman Kodak Company- 

Gardner, William. Companion to the first edition of Chemical 
synonyms and trade names. London 1925. pp. vi + 56. 
(. Reference .) 7s. 6d. net. 

Prom the Publishers : Messrs. Crosby Lockwood & Son. 
Hausbrand, Eugen. Principles and practice of industrial dis- 
tillation. Translated from the 4th German edition by Edward 
Howard Tripp. London 1925. pp. xx + 300. ill. 21s. net. 
( Reed . 12/9/25.) From the Publishers : Messrs, Chapman & Hall, 

Holm yard, Eric John. Chemistry to the time of Dalton. 
London 1925, pp. 128. ill. 2s. 6$. net. (Reed. 16/10/25.) 

Prom the Author. 

Institute op Physical and Chemical Research. Scientific 
papers. Vol, I, etc, Tokyo 1924 +. (Reference) 

From the Institute. 

Institution op Chemical Engineers. Transactions. Vol. 2, 
1924. London [1925]. pp. 110. ill. ( Reference ) 

Prom the Institution. 

Jacobson, Carl Alfred. A pronouncing chemical formula 
speller and contest guide. Baltimore 1925. pp. xviii + 280. 
( Reference ) 20s. net. 

From the English Agents : Messrs. Bailliere, Tindall & Cox. 
Leathes, John Beresford, and Raper, Henry Stanley, 
The fats. 2nd edition. London 1925. pp. viii + 242. 12s. 6d. 
net. (Reed. 15/10/25.) 

Prom the Publishers : Messrs. Longmans, Green & Co. 
Lepeschkin, W. Lehrbuch der Pflanzenphysiologie auf physi- 
kalisch-chemischer Grundlage. Berlin 1925. pp. vi + 298. ill. 
Gm . 15, (Recdf 7/9/25.) 

Prom the Publisher : Herr Julius Springer. 
Martindale, William Harrison, and Westcott, William 
Wynn. The extra pharmacopoeia. 18th edition. Vol. II. 
London 1925. pp. xlii + 728. (Reference.) 20s. net. 

Prom the Publishers : Messrs. H. K. Lewis & Co. 
Matagrin, A. L’industrie des produits chimiques et ses tra- 
vailleurs. Paris 1925. pp. xviii + 486. ill. 12 fr. net. (Reed. 
7/9/25.) Prom the Publisher : M. Gaston Doin. 

. Medical Research Council. Special Report Series, No. 71. 
The aetiology and pathology of rickets from an experimental point 
of view. By V, Korenchevsky. London 1922. pp, 172 + 18 
v plates. 4s. net. ; 

g§ig|f Sp^iaL Report Series, No. 77. Studies of rickets in Vienna 
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1919-22, (Report to the Accessory Pood Factors Committee 
appointed jointly by the Medical Research Council and the Lister 
Institute.) London 1923. pp. 230 + 13 plates. 7s. 6$. net. 

Medical Research Council. Special Report Series, No. 91. 
An investigation of the Salmonella group, with special reference 
to food poisoning. By William George Savage and P. Bruce 
White. London 1925. pp. 160. 3s. 6i. net. 

— - Special Report Series, No. 92. Food poisoning : a study 
of 100 recent outbreaks. By William George Savage and P. 
Bruce White. London 1925. pp. 112. 2s. 6 d. net. 

Special Report Series, No. 93. Experimental rickets : the 

effect of cereals and their interaction with other factors of diet and 
environment in producing rickets. By Edward Mellanby. 
London 1925. pp. 66 + 40 plates. 3s. 6d. net. 

From Professor J. C. Drummond. 
Meijer, Willem. Pyrazolonen. Groningen 1925. pp. 84. 
(Reed. 16/6/25.) From the Publisher : M. Edzo Venema. 

Menschutkin, Boris N. A short course of chemistry for 
technical colleges and universities. Leningrad 1925. pp. 128. [In 
Russian.] (Reed. 12/8/25.) From the Author. 

- — M. W. Lomonossow. Moscow 1925. pp. 104. ill. [In 
Russian.] (Reed. 12/8/25.) From the Author. 

Menschutkin, Nikolai Alexandrovich. Analytical chemistry. 
13th edition. Leningrad 1925. pp. xvi + 420. ill- [In Russian,] 
(Reed. 12/8/25.) From Professor B. N. Menschutkin. 

Nederlandsch-Indische Apothbkers-Vereeniging. Pharma- 
ceutisch Tijdschrift voor Nederlandseh -Indie : tijdschrift voor 
apothekers en apotheekhoudende geneeskundigen. Year I, etc, 
Weltevreden 1924 +. (Reference.) From the Society. 

Plimmer, Robert Henry Aders, and Plimmer, Violet G. 
Food and health. London 1925. pp. vi + 64. ill. 3s.6i.net. (Reed. 
15/10/25.) From the Publishers : Messrs. Longmans, Green & Co, 
R. Staziqne Sperimbntale per l’Inbustria delle Pelli e 
delle Materte concianti Napoli-Torino. Bolletino Ufficiale. 
Year I, etc. Torino 1923 +. (Reference.) From the Director. 

Research Association of British Flour-Millers. Bulletin. 
No. 1, etc. London 1924 +. (Reference.) From the Director. 

Ross, F, E. The physics of the developed photographic image. 
Rochester, N.Y, 1924. pp. 218. ill. (Reed. 16/6/25.) 

From the Eastman Kodak Company. 
Rothamsted Experimental Station. Report 1923-24 with 
the supplement to the “ Guide to the experimental plots ” con- 
taining the yields per acre, etc. Harpenden 1925. pp. 130. ill. 
(Refemice.) 2s, U. net. From the Director. 
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Society of Chemical Industry. Chemical Engineering Group. 
Proceedings. Verts, V & VIa 1923-1924. London [1925]. pp. 
130. ill. ( Reference .) 10s. 6 d. net. 

From the Chemical Engineering Group. 
Sproxton, Foster. Cellulose ester varnishes. London 1925. 
pp. 178. ill. 15s. net. (Reed. 15/10/25.) From the Author. 

Thompson, R. Campbell. On the chemistry of the ancient 
Assyrians. London 1925. pp. 157 + 0 plates. [In mimeograph 
form.] 25s. net. (Reed. 7/9/25.) From the Author. 

Thoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. II, part iii ; Vol. III, part hi. 
Berlin 1925. pp. [384] + viii, [288]. ill. M . 14, M. 10. (Reed* 
11/8/25.) From the Publishers : Herren Urban & Schwarzenberg. 

Zsigmondy, Richard. Kolloidchemie. Ein Lehrbuch. 5th 
edition. I. Allgemeiner Teil. (Chemische Technologie in Einzel- 
darstellungen.) Leipzig 1925. pp. xii + 246. ill. Gm. 11. 
(Reed. 31/7/25.) From the Publisher ; Herr Otto Spamer, 

II. By Ptcrchase. 

Allen, Herbert Stanley. Photo-electricity. 2nd edition. 
London 1925. pp. xii + 320. ill. 18s. net. ; (Reed. 9/10/25.) 

Alterthum, Hans. Wolfram : Fortsehritte in der Herstellung 
und Anwendung in den letzten Jahren. Braunschweig 1925. pp. 
viii + 112. M. 4.30. (Reed. 19/6/25.) 

Armsby, Henry Prentiss, and Moulton, C. Robert. The 
animal as a converter of matter and energy : a study of the role 
of live stock in food production. New York 1925. pp. 236. ill. 
15s. net. (Reed. 14/10/25.) 

Association of Official Agricultural Chemists. Official 
and tentative methods of analysis. 2nd edition. Washington, 
D.C. 1925. pp. xvi + 536. ill. 27s, 6^. net. (Reed. 14/10/25.) 

Bayliss, Sir William Haddock. The nature of enzyme action. 
5th edition. London 1925. pp. viii + 200. ill. 9s. net. (Reed. 
16/6/25.) 

Becquerel, Jean. La radioactivity et les transformations des 
elements. Paris 1924. pp. 208. ill. 5 fr. (Meed. 22/6/25.) 

Billiter, Jean. Technische Elektrochemie. 2nd edition of 
Die elektrochemischen Verfahren der chemischen Gross-Industrie. 
2nd edition, Vols. I and II. Halle (Saale) 1923-24. pp. viii + 
244, viii + 398. ill. (Reed. 19/6/25.) 

B6eseken, Jacob. The configuration of the saccharides. 2 
parts. Translated from the Dutch by Samuel Coffey. Leyden 
• vi + 72 + iv, iv + 58 + iv. 10s. net, (Reed. 
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Browing, Carl Hamilton. [Editor.] Immunochemical 
studies. London 1925. pp. xiv + 240. 125. 6 d. net. (Seed. 
9/10/25.) 

Christiansen, Walter 6 . Organic derivatives of antimony. 
New York 1925. pp. 230. 15a. net. (Reed. 9/10/25.) 

Clement, Louis, and Riviere, C, Matieres plastiques; soies 
artificielles. Paris 1924. pp. 528. ill. 55 fr. net. (Reed. 
22/7/25.) 

Counoell, R. W. Apologia alchymiae : a re-statement of 
alchemy. London 1925. pp. xii + 88. 5s. net. (Reed. 16/6/25.) 

Curie, Madame Pierre. L’isotopie et les 61ements isotopes. 
Paris 1924. pp. 210. ill. 22.50 fr. (Reed. 22/6/25.) 

Dixon, Walter Ernest. A manual of pharmacology. 6th 
edition. London 1925. pp. xii + 478. ill. 18s. net. (Reed. 
9/10/25.) 

Dodds, Edward Charles, and Dickens, Frank. The chemical 
and physiological properties of the internal secretions. London 
1925. pp. xiv 4; 214. ill. 8s. Qd. net. (Reed. 9/10/25.) 

Dubovitz, Hugo. Chemische Eetriebskontrolle in der Fett- 
industrie. Berlin 1925. pp. vi + 136. ill. M. 6.90. (Reed. 
26/6/25.) 

Elliot, Cyril. Distillation in practice. London 1925. pp. 
188. ill. 6s. net. (Reed. 14/10/25.) 

Feuerfest. Zeitschrift fur Gewinnung, Bearbeitung, Prufung 
und Verwendung feuerf ester Stoffe. Year I, etc. Leipzig 1925 + . 
(Reference.) 

Gulett, Horace Wadsworth, and Mack, E. L. Molybdenum, 
cerium and related alloy steels. New York 1925. pp. 300. ill. 
20s. net. (Reed. 12/6/25.) 

Goodwin, Harold. Autoclaves and high pressure work. 
London 1925. pp. 166. ill. 6s. net. (Reed. 14/10/25.) 

Gurwitsch, Leo. Wissenschaftliche Grundlagen der Erdol* 
verarbeitung, 2nd edition. Berlin 1924. pp. vi + 400. ill. 
M. 18 net. (Reed. 22/7/25.) 

Hamilton, Alice , Industrial poisons in the United States. 
New York 1925. pp. xii + 590. 21s. net. (Reed. 9/10/25.) 

History of the Great War. Medical Services. Vol, II. 
Including . . . gas warfare, and gas poisoning in tanks and mines. 
Edited by Sir William Grant Macfherson [and others]. London 
1923. pp. viii + 622. iU. 25s. net. (Reed. 20/6/25.) 

Houbbn, Josef. Die Methoden der organisehen Chemie. 3rd 
edition. Vol. I. Allgemeiner Teil. Leipzig 1925, pp. xxviii + 
1340. ill. (Reference.) M. 75. 

Kershaw, G. Bertram. Sewage purification and disposal. 2nd 
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edition. Cambridge 1925. pp. xii + 364. ill. 185. net. {Reed, 
9/10/25.) 

Kershaw, John Baker Cannin gton . Fuel economy and 
smoke prevention : being the 3rd edition of “ Smoke prevention 
and fuel economy” by W. H. Booth and J. B. C. Kershaw. 
London 1925. pp. xiv + 268. ill. 165. net. {Reed. 9/10/25.) 

Langton, Harold McKee. Blacks and pitches. London 1925. 
pp. 179. ill. 1 5s. net. {Reed. 14/10/25). 

Le Blanc, Max. Lehrbuch der Elektrochemie. 11th and 12th 
edition. Leipzig 1925. pp. viii + 391. ill. M. 13. {Reed. 
22/6/25.) 

Lewis, William Cudmore McCullagh. A system of physical 
chemistry. 4th edition. Vol. II. Thermodynamics. London 
1925. pp. viii + 490. ill. 155. net. {Reed. 26/6/25.) 

McKee, Ralph H. [and others]. Shale oil. New York 1925. 
pp. 326. ill. 225. 6d. net. {Reed. 9/10/25.) 

Nametkin, S. Die Umlagerung alizyklischer Kerne ineinander. 
(Sammlung, Vol. XXVIII.) Stuttgart 1925. 

Patten, Nathan van. Bibliography of the corrosion of metals 
and its prevention. Kingston, Canada 1924. pp. iv + 186. 
{Reference.) 205. net. 

Poggendorff, Johann Christian. Biographisch-literarisches 
Handworterbuch. Vol. V. 1904 to 1922. Edited by P. Wein- 
meister. Part i. Leipzig 1925. pp. iv +- 696. {Reference.) 
M. 60. 

Pringsheim, Hans, with the collaboration of Jesaia Leibowitz. 
Zuekerchemie. Leipzig 1925. pp. xii + 322. M. 18. {R,ecd. 
19/6/25.) 

Smith, Sydney. Forensic medicine : a text-book for students 
and practitioners. London 1925. pp, xiv + 498. ill, {Reference.) 
2ls. net. 

Tammann, Gustav. A text-book of metallography : chemistry 
and physics of the metals and their alloys. Translated from the 
3rd German edition ... by Reginald Scott Dean and Leslie 
Gerald Swenson. New York 1925. pp, ii + 388. ill. 265. net. 
(Reed. 16/6/25.) 

[United States] National Research Council. Division of 
Engineering and Industrial Research. Marine structures, their 
deterioration and preservation : report of the Committee on 
Marine Piling Investigations. By William G. Atwood and A. A. 
Johnson [and others]. Washington, D.C. 1924. pp. viii + 534, 
ill. 3l5 v 6d. net. {Reed. 12/6/25.) 

World List of Scientific Periodicals published in the years 
1900-1921. London 1925. pp. xii + 499. (Two copies.) 
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III. Pamphlets . 

(aj From Professor P. Phillips Bedson. 

Austin, Leonard. Demonstration of rescue-apparatus, Felling, 
August 31st, 1907. (From the Trans. Inst . Mining Engineers , 
1908.) ffl. 

Fernandes, Francis Vito. The Indian school of Chemistry. 
The researches of Professor Ray and his pupils at Presidency 
College. (From the Presidency College Magazine , 1915, 1.) 

French Commission on the Use oe Explosives in the Presence 
of Fire-damp in Mines. Report. Translated by W. J. Bird 
and M. Walton Brown. 3 parts. Newcastle-upon-Tyne 1890- 
91. pp. 164. ill. 

Morewqod, A. Palmer. Shaw’s gas tester, for detecting the 
presence of small percentages of gas in colliery workings. London 
1896. pp. 18. ill. 

North of England Institute of Mining and Mechanical 
Engineers. Report of the Committee appointed to enquire into 
the explosion of an air receiver at Ryhope Colliery. (From the 
Trans . N . England Inst . Min. & Mech . Eng ., 1888, 37.) ill. 

Smythe, John Armstrong. Two newly-discovered whin-dykes 
on the coast of Northumberland. (From the Trans . Nat. Hist . 
8oc> Northumberland , 1914, N.S. 4). 

On nitrosopinene. London 1898. pp. 19. 

Trobridge, Frederick George. Ober die Ester- und Amid- 
Sauren der Itaconsaure. Beuel a. Rh. 1910. pp. 36. 


(b) Miscellaneous. 

Anderson, L. A. P., Howard, Albert, and Simonsen, John 
Lionel. Studies on lathyrism. I. (From the Indian J. Med. 
Research,, 1925, 12.) 

Gortner, Ross Aiken, and Hoffman, Walter Fred. Quan- 
titative estimation of chlorides and sulphates in expressed plant 
tissue fluids. (From the Bot. Qaz 1924, 77.) 

Hendrick, James. Some characters of Scottish soils. (From 
the Trans. Highland & Agric. Soc. of Scotland, 1925.) 

Mason, Frederick Alfred. An introduction to the literature 
of chemistry for senior students and research chemists. Oxford 
1925. pp. 42. 

Miller, Lewis B, Adsorption by aluminium hydrate con- 
sidered as a solid solution phenomenon. (From the U.S. Public 
Health Reports., 1924, 39.) 
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Mines Department. Safety in Mines Research Board . Second 
Annual report, 1923, etc. London 1924 +. 

Paper No. 7. Explosives in Mines Research Committee. 

Second report 1924, etc. London 1925 +. 

Paper No. 8. The ignition of fire-damp. By Hubert 

Prank Coward and Richard Vernon Wheeler. London 1925. 
pp. 25. ill. 

Paper No. 9. The lag on ignition of firedamp. By C. A. 

Naylor and Richard Vernon Wheeler. London 1925. pp. 
16. ill. 

— — Paper No. 10. Firedamp explosions within closed vessels. 
The effects of turbulence. By G. B, Maxwell and Richard 
Vernon Wheeler. London 1925. pp. 12. ill. 

Ministry of Health. Final Report of the Departmental Com- 
mittee on the use of preservatives and colouring matters in food, 
London 1924, pp. 84. 

Monier-Williams, Gordon Wickham. The solubility of glazes 
and enamels used in cooking utensils. [Ministry of Health Reports 
on Public Health and Medical Subjects . No. 29.) London 1925, 
pp. iv + 17. 

National Association of Master Bakers, Confectioners 
and Caterers. Reports on research at the National Bakery 
School (Borough Polytechnic Institute), London, conducted by 
Charles Dor^e and John Kjrkland. (From the Nat Assoc . 
Review , 1925.) 

National Physical Laboratory. Metrology Department, 
Verification of weights: testing of balances: determination of 
densities. 1925. pp. 28. 

Perkin, Frederick Mollwo. Recent progress in the peat 
problem. Paper read before the British Association at Southampton 
on August 27th, 1925. London 1925. pp. 24. ill. 

Puio, P. Ignacio. Teoria de las valencias positivas y negativas. 
Barcelona 1924. pp. 31. ill. 

Puiggari, Hugo. Fenomenos de transporte electric o en un 
hidrosol de oxido f^rrico. Trabajo presentado al ler Congreso 
Sudamericano de Quimica. Buenos Aires 1924. pp. 11. 

Radium. Le vingt-cinquieme anniversaire de la decouverte du 
radium (1898-1923). [Paris n.d.] pp, 86. 

Rau, Madyar Gofal. The constituents of some Indian 
essential oils. Part XVI. (From the Indian Forest Records , 
1924,11.) 

Rau, Madyar Gofal and Simonsen, John Lionel. The. con- 
stituents of some Indian essential oils. Part XVII. (From the 
Indian Forest Records, 1925, 11.) 



PROCEEDINGS 


OP THE 

CHEMICAL SOCIETY. 

Ordinary Scientific Meeting, Thursday, November 5th, 1925, at 
8 p.m., Dr. Arthur W. Crossley, C.M.G., C.B.E., D.Sc., F.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

John Young Buchanan June 21st, 1877. Oct. 16th. 

Harold Janies Cross Feb. 15th, 1917. Oct. 17th. 

Francis Jones Dec. 4th, 1873. Oct. 22nd. 

Charles Etty Potter Dec. 5th, 1912. Sept. 13th. 

The President announced that Professors 0. S. Gibson, G. T, 
Morgan, J. F. Thorpe, and W. P. Wynne, have been appointed by 
the Council to represent the Society on the Bureau of Chemical 
Abstracts, and that Professors T. M. Lowry, J. W. McBain, and 
J. C. Phillip win represent the Society on the Editorial Board of the 
Journal of Physical Chemistry, together with Professor F. G 
Donnan, appointed by the Faraday Society, 

Certificates were read for the first time in favour of : ^ 

Harold Frederic Betts, B.Sc., 17, The Broadway, Broadstairs. 

Edward Britnell, B.Sc. s 9, Osterley Avenue, Isleworth. 

Reginald John Bromfield, 141, Constantine Road, N.W, 3. 

.Francis Hereward Burstall, B.Sc., 12, Adelaide Road, Teddington. 
v&rcher John William Butterfield, 163, Northumberland Park, N. 17. 

John William Corran, B.Sc., Ph.D., A.I.C., Research Laboratory, Oarrow 
Works, Norwich. 

John Harold Cottier, 52, Aspen Grove, Lodge Lane, Liverpool. 

John Horsfall Dyde, 18, Dean Road, Scarborough. 

George Malcolm Dyson, B.A., B.Sc., Ph.D., 36, Hillsborough Road, E. Dulwich, 
S.E.22. 

Alfred Eccles, B.Sc., 18, Cambrian Terrace, Holbeck, Leeds. 

George Albert Elliott, M.Sc., 263, Kennington Road, S.E. 11. 

Eric Bertram Evans, B.Sc., 2, Boxmoor Terrace, Southchureh, Southend. 
Elinor Katharine Ewbank, B.A., 22, Park Crescent, Oxford. 
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Elizabeth Monica Openshaw Farrow, M.A,, 37, Chalfont Road, Oxford. 

Oliver Free, B.A., The Lodge, Mansfield College, Oxford. 

William Marshall Freeman, 1, Temple Gardens, Temple, E.G. 4. 

Eva Florence Gee, The Station, L.N.E.R., Howsham, Lincoln. 

George Vincent Hall, B.Se., 6, Borough Road, Bridlington. 

William Rowan Hare, 220, Eastfield, Peterborough. 

Walter Healey, 28, Gooder Lane, Brighouse. 

Thomas Henderson, M.C., M.A., B.Sc., Guildford Grammar School, West 
Australia. 

Syed Husain, M.Sc.» 112, Gower Street, W.C. 1. 

Gilbert Jessbp, M.Sc., Ph.D., 453, Glossop Road, Sheffield. 

Brian Charles Lavers Kemp, BA., Wellington College, Berks. 

Banarsi Das Laroia, B.A., B.Se., 3, Oxford Road, Teddington. 

* John Joseph Lennon, M.Se., 6, Bartlemas Road, Oxford. 

Ivan Roy McHaffie, B.A., M.Sc., 37, King Henry’s Road, N.W. 3. 

Neil McLean, M.A., B.Sc., 127, Blenheim Place, Aberdeen. 

Leslie George Manchester, B.Sc., 557, Green Lanes, Hornsey, N. 8. 

William Alfred Nottage Markwell, 26, Huntsmoor Road, S.W. 18. 

Charles Hemyr Lawrence Miller, 50, Rowden Road, Beckenham. 

Horace Winston Palmer, B.Sc., 15, Hollingdean Terrace, Brighton. 

Austin McDowell Patterson, Antioch College, Yellow Springs, Ohio, U.S.A. 
Ernest Phillis, B.Sc., 22, Fairford Terrace, Dewsbury Road, Leeds. 

Jonathan Pollitt, BA., 17, Caversham Avenue, Palmers Green, N. 13. 

Charles Raymond Porter, M.Sc., A J.C., 126, Linden Road, Boumville, 
Birmingham. 

Evan Emrys Price, B.Sc., Rock House, Heathfield, Swansea. 

Rose Rachel Sass, B.Sc., Newnham College, Cambridge. 

Albert Seiver, B.Sc., A.I.C., 84, Vineyard Hill, Wimbledon Park, S.W. 19. 
Frederick Francis Percival Smith, B.A., B.Sc., Peterhouse, Cambridge. 

Robert Frederick Smith, 254, Higham Hill Road, Walthamstow, E. 17. 
William Ernest Soper, B.Sc., 50, Aislibie Road, Lee, S.E. 12. 

Herbert Kenneth Southern, B.Sc., Government Laboratory, Strand, W.C. 2. 
Frank Harland Swire, 152, Queen’s Road, Halifax. 

Harold James Tattersall, B.Sc., Ph.D., 141, Thorold Road* Ilford. 

Elvera Annie Tricker, 319, Norwich Road, Ipswich. 

Norman Leopold Tyler, 9, St. Paul’s Gardens, Spennymoor. 

Herbert Ward Vernon, B.Sc. 245, Albert Road, N. 22. 

Ewart Harrod Williams, B.Sc., A.I.C., 31, Thornsbeach Road, Catford, S.E. 6. 
Gwyn Williams, B.Sc., Cae Ffynnon, Llandudno Junction. 

John Laurence Wiltshire, B.Sc., 36, Fordel Road, Catford, S.E. 6. 

Wilfred Fisher Wyatt, M.Sc., North Anston, Nr. Sheffield. 

The following were formally admitted Fellows of the Chemical 
Society : W. J. V. Ward, H. F. Halliwell, R. J. W. Le Fevre, I. J. 

. Faulkner, J. Thurgood, and T. W. Jones. 

The following papers were read : 

“Further studies on a new chlorinating agent. Preparation of 
polychloro-derivatives of toluene.” By 0. Silberkad. 

“The configuration of the ammonium ion.” By WVH. Mills and 
E. H. WAKREN. 
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The following paper was taken as read : 

e< Ring-chain tautomer ism. Part XV. The phenol-succineins and 
-glutareins. 55 By S. Dutt. 


Ordinary Scientific Meeting, Thursday, November 19th, 1925 
at 8 p.m., Professor W. P. Wynne, D.Sc., F.R.S., Vice-President 
in the Chair. 

The Chairman referred to the loss sustained by the Society, 
through death, of the following Fellows : 


Elected, Pied. 

John Lloyd T. Jones Feb. 7th, 1901. Nov. 12th. 

Frank George Pope Feb. 18th, 1909. Oct. 29th. 

Robert Llewellyn Taylor Jan. 15th, 1874. Nov. 8th. 

The Chairman announced that : 

1. The Council has decided that the next Annual General Meeting 
and Dinner to take place on Thursday, March 25th, 1926, shall be 
held in Manchester. A local Sub-Committee has been appointed 
to make arrangements and full particulars will be announced later. 

2. An Informal Meeting will be held in the Rooms of the Society 
on Thursday, December 17th, immediately after the conclusion of 
the formal business of the Ordinary Scientific Meeting at 8 p.m. 
Light refreshments will be provided, and smoking will be permitted, 
except on the Library Floor. The Council will welcome assistance 
from Fellows who can add to the interest of the Meeting by showing 
experiments or exhibiting apparatus, and those able to do so are 
requested to communicate with the Assistant Secretary not later 
than Monday, December 7 th. 

The following were formally admitted Fellows of the Chemical 
Society : Cyril 0. Harris, John S. Carter, and T. H. Clare. 
Certificates were read for the first time in favour of ; 

William Blakey, jun., B.A., 14, Marshall Road, Cambridge, 

Herbert Clayton, M.A., B.Sc., The Dyson Perrins Laboratory, South Parks 
Road, Oxford. 

John Charles Forsyth, 62, Worcester Street, Christchurch, New Zealand. 
Ankarath Sankunni Mannadi Nayar, M.B., B.S., Ph.D., The Medical College, 
Madras. 

William Bennett Price, B.Sc., The Laurels, Woolwich Road, Belvedere, 
Madhavlal Sukhlal Shah, M.Sc., 22, Oxford Road, Putney, S.W. 15. 

George Ernest Thompson, 7, Campbell Road, Bow, E, 3. 

Bernard William Town, B.Sc., A.R.C.S,, 79, The Grove, Hammersmith, W. 6, 
Victor Martin Trikojus, B.Sc., Queen’s College, Oxford. 

Henry Woolf, P.O. Box 14, Broken Hill, Northern Rhodesia. 
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The following Certificate has been authorised by the Council for 

presentation to ballot under Bye-Law I (2) ; 

Edgar Calvin Le Roy Miller, M.D., Medical College of Virginia, Richmond 
Va., U.S.A. 

The following papers were read : 

4 4 The constitution of the metallic ozonides,” By E. C. C. Baly 
and R. W. Riding. 

44 Studies of dynamic isomerism. Part XX. Amphoteric solvents 
as catalysts for the mutarotation of the sugars/ 5 By T. M. 
Lowry and I. J. Faulkner. 

44 Studies of valency. Part V. Absorption spectra of halogen and 
sulphonie derivatives of camphor. Origin of the ketonic 
absorption band.” By T. M. Lowry and G. Owen. 

44 Studies of valency. Part VI. General and selective absorption 
of halogen derivatives of methane. The origin of general 
absorption.’ 5 By T. M. Lowry and R. R. Sass. 

The following paper was taken as read : 

44 Studies of valency. Part VII. Surface polarity and the reaction 
of ethylene and chlorine. The effect of the adsorbed water 
layer.” By R. G. W. Norrish and G. G. Jones. 


List of papers, or abstracts thereof, received between October 16th 
and November 19th, 1925. (This list does not include the titles of 
papers which have been read at an Ordinary Scientific Meeting, or 
which have appeared in the Journal.) 

44 Polymerisation of (3-glucosan. The constitution of synthetic 
dextrins.” By J. C. Irvine and J. W. H. Oldham. 

44 The action of mercurous nitrate on chloroauric acid.” By W. B. 
Pollard. 

44 The freezing of inorganic hydrogels.” By J. R. I. Hepburn* 

44 The bromination of some 5-substituted 1-phenylbenzthiazoles.” 
By R. F. Hunter. 

44 Studies on the dependence of optical rotatory power on chemical 
constitution. Part VI. Rotatory powers of phenyl, o-, m- 5 
p-tolyl and (3-naphthyl derivatives of d-camphorimide and 
cj-camphoramic acid.” By B. K. Singh and A. N. Puri. 

44 Transformations of the sugar nitrates.” By J. W. H. Oldham, 

44 Studies in colour and constitution. Part I. The positional 
bathochromic influence of the methylthiol group, alone, arid in 
conjunction with the methoxy-group,” By H, H, Hodgson 
and F. W. Handley. 
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“ The photochemical oxidation of hydriodic acid in ultra-violet 
light. Part I.” By T. Moore. 

“ Bing-chain tautomerism. Part XVII. Instances showing how 
glutaric derivatives can simulate succinic compounds.” By 
S. Dutt. 

“ A theory of colour on the basis of molecular strain. The effect of 
chromophoric superposition.” By S. Dutt. 

<e The influence of the intensity of illumination on the velocity of 
photochemical changes.” By F. Briers, D. L. Chapman, and 
E. Waltees. 

“ The salting-out eflect. The influence of electrolytes on the 
solubility of iodine in water.” J. S. Caetee. 

“ Germanium. Part II. Germanium tetrachloride and its 
ammonia compounds.” By W. Pugh and J. S. Thomas. 

*' The action of alcoholic soda and potash upon chloronitrobenzene.” 
By D. H. Bichardson. 

“ The partial pressures of aqueous ethyl alcohol.” By H. J. E. 
Dobson. 

“ A comparison of some of the physical properties of the alkali cya- 
nates and azides.” By J. A. Cranston and A. Y. Livingstone. 

“ Beactions for nitrites.” By B. C. McEwen. 

“ Lead dihydride and lead tetrahydride.” By E. J. Weeks. 

“Some reactions of organic thiosulphates.” By H. B. Footner 
and S. Smiles. 

“ Air oxidation of titanous and vanadous sulphates.” By A. S. 
Bussell. 

“ Complex formation in lead nitrate solutions. Part II, The 
quaternary system potassium nitrate-lead nitrate-barium 
nitrate-water,” By S. Glasstone and E. J. Biggs. 

“ Polymerisation of acetone by calcium carbide.” By T. Hopkins. 

“■Action of zinc alkyl halides on nitric esters.” By T. Hopkins. 

“ Observations on the Claisen reaction.” By G. T. Morgan and 
E. Holmes. 

“The specific heats of hydrocyanic acid. A reply.” By E. H. 
Ingold. 

“ The relation of homogeneous to catalysed reactions. The catalytic 
decomposition of hydrogen iodide on the surface of platinum.” 
By C, N. Hinshelwood and B. E. Burk. 

“ The action of hydrogen fluoride on compounds of selenium and 
tellurium. Part II. TeUurium dioxide.” By E. B. B, 
Prideaux and J. O’N. Millott. 

u Halogenation of 2 : 6-dimethylbenzbisthiazole and of 2 : 4-di- 
phenyl-3 : 5-diphenyliminotetrahydro- 1 : 2 : 4-thiodiazole.” By 
B. F. Hotter, 
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“ The reaction between hydroxylamine arid ferric chloride.” By 
A. D. Mitchell. 

“ The equilibria underlying the soap-boiling processes. The 
system potassium oleate-potassium chloride-water/ 5 By J. W. 
MoBain and W. J. Eleord. 

“The solubility of sodium iodide in ethyl alcohol.” By F. E. 

King and J. R. Partington* 

“ Iodination in the earbazole series.” By S. H. Tucker. 

“ The chemistry of the caryophyllene series. Part I.” G. G. 

Henderson, J. M. Robertson, and (in part) C. A. Kerr. 

“ Oh the Budde effect in bromine. Part I. The photoactive 
constituent in wet bromine.” By B. Lewis and E. K. Rideal. 
“ On the Budde effect in bromine. Part II. The kinetics of the 
reaction and the light absorption of wet and dry bromine.” 
By B. Lewis and E. K. Rideal. 

“ The constitution of the benzene nucleus.” By B. C. McEwen, 
“Keto-enol isomerism of ethylenebisacetylacetone.” By G. T. 
Morgan and C. J. A. Taylor. 

“ A buffer mixture for the alkaline range of hydrogen-ion con- 
centration determinations.” By W. R. G. Atkins and C. F. A. 
Pantin. 

“ The influence of carbon rings on the velocity of reactions involving 
their side-chains. Part I. The hydrolysis of cyclic and open- 
chain malonic esters.” • By R. Gane and C. K. Ingold. 

“ The condensations of 3-bromo-, and 3-nitro-^-dimethylamino- 
benzaldehydes with ethyl acetoacetate and ammonia,” By 
L. E. Hinkel and W. R. Madel. 

“ The replacement of calcium carbonate by iron pyrites in nature.” 
By C. O. Harvey. 

“ A revision of the structural formula of glucose.” By W. Charl- 
ton, W. N. Haworth, and S. Peat. 

CERTIFICATES OF CANDIDATES FOR ELECTION AT 
THE BALLOT TO BE HELD AT THE ORDINARY 
SCIENTIFIC MEETING ON THURSDAY, DECEMBER 3rd, 
1925. 

Andrew, Robert Leslie, Dominion Laboratory* Wellington, New Zea- 
land. British (by birth). Analyst. Nineteen years’ experience in Dominion 
Laboratory, N.Z., now senior assistant in charge of Food and Drugs work. 
' Published work ; “ The Colorimetric Estimation of Lead in Cream of Tartar,” 
Ana&yst* 1924, p. 129. “ The Cryoscopic Method for the Detection of Added 
Water in Milk ” (appendix to 50th Annual Report* Dominion Laboratory), 
s (Signed by) J. S. Maclaurin, P. W. Robertson, K. M. Griffin. 

Baissac, Louis, Curepipe Road, Mauritius (Indian Ocean), British* 
iSugar Technologist, Department of Agriculture, R6duit, Mauritius, Lecturer 
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in Sugar Technology, College of Agriculture, Reduit } Mauritius. ( Signed by) 
James P. Ogilvie, H. Tempany, W. H. Edwards. 

Barker, William Francis, Rhodes University College, Grahamstown, 
S, Africa. Professor of Chemistry. Ph.D. (Liverpool). ( Signed by) I. M. 
Heilbron, E. C. C. Baly, R. A. Morton. 

Basden, Ralph, 11, Ada St., Hamilton, Newcastle, N.S.W. Teacher of 
Chemistry. I have been engaged for four years as Teacher of Science at 
Sydney Grammar School; two years Teacher of Organic and Physical 
Chemistry at Newcastle Technical College, and four years in Manufacturing 
and Analytical Chemistry. (Signed by) A. R. Penfold, Robt. Grant, Ered J. 
Berry, Richard W. Challinor. 

Bell, Prank, 11, Edwy Parade, Gloucester. British. Student. Research 
student at Battersea Polytechnic. ( Signed by) J. Kenyon, F. C. Ray, Henry 
Phillips, A. Houssa, Harold Hunter, P. W. B. Harrison, S. Greenberg. 

Bennett, Arthur Neville Copnall, 27, Dale Rd., Luton. British. 
Research Chemist to B, Laporte, Ltd., Luton. B.Sc. (Hons.) London. Have 
done research under Prof. Donnan at University College, and hope to publish 
shortly. (Signed by) W. E. Gamer, D. McKie, Thomas Iredale. 

Betts, Harold Frederick, 17, The Broadway, Broadstairs, Kent, 
British, Research Student, East London College (Univ. of London). B.Sc. 
(Lond.), 2nd Class Hons. Chemistry. (Signed by) J. R. Partington, D. C. 
Jones, E. E. Turner. , 

Bird, John Cecil, 72, Dyne Rd., Kilburn, London, N.W. 6. British. 
Research and Works Chemist. B.Sc. (London), A.I.C., Associate of Univ. 
College of Nottingham. Science Master, Grammar School, Daventry, 
Chemist to Messrs. L. B. Holliday & Co., Ltd., Huddersfield, Chief Chemist 
and Works Manager to J. W. Drysdale & Co., London. Chemist to Messrs. 
Intermediates and Explosives, Ltd, (Bolckow, Vaughan & Co.), Co. Durham. 
Chemist to Messrs. Crookes Laboratories (British Colloids, Ltd,, London). 
Investigation with Prof. H. H. Hodgson, M. A., into Absorption Spectra of 
Standard Dyestuffs (Huddersfield). (Signed by) Herbert Henry Hodgson, 
F. S. Kipping, E. Ri Trotman. 

Birkett, Lionel Christopher William, Moor House, North Rd., Spenny- 
moor* Co. Durham. British. Analytical Chemist on Coke Oven and Bye- 
products Plant* 5 J years’ experience in Ironworks and Coke Oven laboratories. 
B.Sc. (3rd Class Hons.) after 3 years’ study at Armstrong College, Newcastle* 
on-Tyne. (Signed by) W, N. Haworth, G. C. Leitch, H. V. A. Briscoe. 

Boyd* James, P.O. Box 1162, Johannesburg, S. Africa. British. Chief 
Examiner of Mine Air, Chamber of Mines, Johannesburg (and Assistant to 
General Manager, Chamber of Mines). P.I.C., A.R.T.C. (Glasgow). Assistant 
to Professor of Chemistry, Royal Technical College, Glasgow, 1908-11. 
Chemist, Goldfields Lab,, Transvaal, 1912-13. Chief Examiner of Mine Air, 
Chamber of Mines, Johannesburg, 1914 to date. Author of various reports 
on Dust in Mine Air and Methods of investigating same (published in “ Chamber 
of Mines Annual Reports,” and for circulation to the mines of the Rand). 
Student, Royal Technical College, Glasgow, 1 904^-08. (Signed by) G. G. 
Henderson, Thomas Gray, F. J. Wilson. 

Bradhurst, Prank Symgndb, Bondi, Sydney, and c /o Holbrooks Ltd., Banks 
St,, Waterloo, Sydney. Chief Chemist and Factory Manager. Matriculated 
from Sydney High School at Leaving Certificate Examination; obtained 
Scholarship available at the Sydney Technical College. Here I obtained the 
Honours Diploma with College Medal for year in Organic Chemistry, thereby 
becoming an Associate of the Sydney Technical College (A.S.T.C. Chem,). 
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Associate of the Australian Chemical Institute (A.A.C.I.). Chemist at Sted- 
man-Hendersons, Ltd., Sweet Manufacturers, for 2J years, then at Holbrooks 
(Australasia), Ltd., of Sydney, for 3 years, where I now hold the above 
position. I desire admission to the Chemical Society in order to keep in 
touch with modem research in the field of Food Analysis, and Food Manu- 
facture. (Signed by) Richard W. Challinor, Fred J. Berry, Robert Grant, 
Arthur R. Penfold, S. E. Sibley. 

Britnell, Edward, 9, Osterley Av., Isleworth, Middlesex, English, 
Chemist, B.Sc. (Honours Chemistry), London, July 1925. Assistant for 
Z years to G. N. Huntly, 325, Kennington Rd., S.E. Assistant for 1J years 
to G. T. Holloway & Co., 13, Emmett St., Limehouse. (Signed by) William 
G. Wagner, G. Nevill Huntly, Herbert F. Stephenson. 

Bromeield, Reginald John, 141, Constantine Rd., Hampstead, N.W. 3. 
English. Assistant to Biochemist, The Hospital for Sick Children, Great 
Ormond St,, W.C. For three years laboratory assistant at University 
College, London, under Prof. F. G. Donnan and Prof. 1ST. Collie. For one 
year Acting Biochemist to Children’s Hospital, Gt. Ormond St. For past 
two years Biochemical assistant, Hospital for Sick Children, Great Ormond St. 
Desire to become a member in order to receive the Journal and to keep in 
touch with current chemical literature, together with access to Library. 
(Signed by) J. 1ST. Collie, Henry Terrey, Fred J. Kettel, J. Wicliffe Peck. 

Burstall, Francis Hereward, 12, Adelaide Road, Teddington, Middlesex. 
British. Research Chemist. D.S.I.R. Chemical Research Laboratory, 
Teddington. 1st Class Honours B.Sc., Birmingham University. (Signed by) 
G. T. Morgan, E. Holmes, C. E. Wood, 

Rutteriteld, Archer John William, 163, Northumberland Park, 
Tottenham, N. 17. English. Articled Pupil in Engineering, Is desirous 
of keeping in touch with progress in the Science of Chemistry by attending 
the meetings and receiving the publications of the Society. (Signed by) 
W. J. A. Butterfield, Ernest M. Hawkins, E. R. Bolton. 

Carule, John Hildred George, 29, Orlando Rd., Clapham, S.W. 4. 
British. Chemical Research Student, Royal College of Science. A.R.C.Sc., 
B.Sc. (Signed by) H. J. T. Ellingham, James C. Philip, H. F. Harwood, 

Chalk, Leslie James, 14, Shrubbery Rd., Southall, Middx. Student 
(East London College). B.Sc., 1st Class Hons, in Chemistry. J. R, Parting- 
ton, E. E. Turner, Elwyn Roberts. 

Charan, Rama, Allahabad, India. Indian (British). Glass Technologist, 
Govt, of India State Technical Scholar, B.Sc. from Allahabad University, 
1922. Subjects : Maths., Physics, Chemistry, and English* B.Sc* Tech, 
from Sheffield University, 1924. Subjects : Glass Technology, Fuel, Re- 
fractory Materials, Geology and Mineralogy of Glassmaking Materials. For 
one year after graduation did research work on glasses containing more than 
one alkaline oxide and silica-lime. (Signed by) W. E. S. Turner, 0. J. Peddle, 
F. G. Tryhom. 

Corran, John William, Research Laboratory, Carrow Works, Norwich, 
British. Physical and Biochemist. B.Sc. (Liv.), 1st Class Hons. Chem., 
1921; Ph.D. (Liv.), 1923; A.I.C. Two years Research Physical Chemistry 
under Prof. W. C. M. Lewis; two years as physical and biochemist to Liver- 
pool Cancer Research Committee. Publications : J. Amer, Chem , Soc., 1922, 
44, 1673; 1923, 45, 1627. Biochem. J. f 1924, 18, 1358, 1364. (Signed by) 
W» C. M. Lewis, E. C. C. Baly, E. Morrison, Leslie J. Harris. 

Cottier, John Harold, 52, Aspen Grove, Lodge Lane, Liverpool. British. 
Certificated School-teacher ; formerly a student of Sheffield University. I 
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wish to obtain the Fellowship of the Society in order to receive the Journal 
and Abstracts, and thus keep in touch with advances in Chemistry. ( Signed 
by) W. P. Wynne, F. G. Tryhorn, E. G. Turner, D. M, Bennett. 

Crowther, Edward Mortimer, Rothamsted Exptl. Station, and Bourtree, 
24, Clarence Road, Harpenden, Herts. British. Assistant Physical Chemist 
and “ Empire Cotton Growing Corporation,” Soil Physicist, Rothamsted 
Exptl. Station. D.Sc. (Leeds), F.I.C., A.Inst.P. Publications on Physical 
Chemistry of Soils. Joum . Agric. Sci ., 1925, 15, 201-255, 300-302, 303-306; 
Trans. Faraday Soc. 9 1922, 17, 317-321. Conjointly : Joum . Agric. Sci . , 
1924, 14, 221-231; 1925, 15, 68-88; Proc . Royal Soc., 1925, 106a, 33-51, 
215-222, 233-242 ; Annals of Applied Biology ,, 1925, 12, 152-190. (Signed by) 
E. J. Russell, H. J. Page, C. T. Gimingham. 

Dickinson, Frank Edwxn, Research Establishment, Sutton Oak, St. 
Helens, Lancs. British. A/g Superintendent, The Research Establishment, 
Sutton Oak, St. Helens, Lancs. Actively engaged in Chemical Industry as 
Analytical and Research Chemist and as Assistant Manager and Manager 
of Chemical Works for past fourteen years. Educated at King Edward’s 
School, Stratford-on-Avon, and University of Birmingham, Ho papers 
published as all work of secret nature or commercial value. (Signed by) J, 
Davidson Pratt, E. Wheeler, Francis H. Carr. 

Dolphin, Joseph Raymond, Chemical Department, University Rd., 
Edgbaston, Birmingham. British. Research Student. Pass B.Sc. Bir- 
mingham, 1st Class, 1923; Honours B.Sc. Birmingham, 1st Class, 1924. 
Research Student under Professor Morgan, O.B.E., D.Sc., F.R.S., from 
1924-25 to become Research Chemist at J. A. Crabtree & Co., Ltd., Walsall, 
in Sept. 1925. (Signed by) G. T. Morgan, C. E, Wood, E. Ashley Cooper, 

Donovan, William, Dominion Laboratory, Wellington, New Zealand. 
British. Analyst, Dominion Laboratory, N.Z. M.Sc. (New Zealand Univer- 
sity). Twenty years* experience in analytical work ; now Assistant Dominion 
Analyst. Published work includes “ Corrosion of Muntz Metal in Sea Water,” 
J.S.CT., XLIII, 13, 72t ; “ Estimation of Nitrogen in Coal,” The Analyst , 
Feb. 1924. (Signed by) J. S. Maclaurin, P. W. Robertson, K. M. Griffin, 

Dunn, John Stanley, 39, Victoria Park, Cambridge. British. Chemist. 
M.A. (Cantab.), Ph,D, (London), A.I.C. Late Research Chemist, Calico 
Printers Assocn., Manchester ; now Research Chemist, British Non-Ferrous 
Metals Res. Assocn. With Dr. E. K. Rideal ; T., 1923, 123, 1242; 2V 1924, 
125, 676* (Signed by) R. G. W. Norrish, Erie K. Rideal, H. McCombie. 

Dydb, John Horsfall, 18, Dean Rd., Scarborough. British, Student 
at the University, Leeds, who intends to pursue post-graduate work in 
Bioohemistry. Final year B.Sc. (Honours Chemistry). ( Signed by) 0 , K, 
Ingold, B. Topley, H. M. Dawson. 

Dyson, George Malcolm, 36, Hillsborough Road, E. Dulwich, London, 
S.E. 22. British. Research Chemist. BA, (Oxon,), B.Sc., Ph.D. (London). 
Research in Organic Chemistry, including work on the Reactions of Thio- 
carbonyl Chloride with Amino-compounds, Phenols, etc. J.C.S., Trans., 
Sept., 1924, 125, 1702; “ The Reactions of Thiocarbonyl Chloride. Pt. I,” 
(Signed by) D, L. Chapman, H. J. George, L. Rubenstein. 

Eoclbs, Alfred, 18, Cambrian Terrace, Holbeck, Leeds. British. Re- 
search Student (University of Leeds). B.Sc,, 1st Gass Hons, (Pure Chem- 
istry), 1925. (Signed by) C. K. Ingold, P. K. Dutt, W. A. Wightman, J. W. 
Baker. 

Edwards, Edwin Francis, Kogarah, Sydney, t N.S.W., c/o Holbrooks 
(Australasia), Limited, Waterloo, Sydney. Works Chemist and Assistant 
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Factory Manager. Matriculated from High School at Leaving Certificate 
Examination, and gained Scholarship to Sydney Technical College. Attended 
the above College for five years— thereby completing the Diploma Course — - 
and was subsequently granted the Associateship of the College, and the Diploma 
in Organic Chemistry. I am also an Associate of the Australian Chemical 
Institute. I was Assistant Chemist at the Woolwich Chemical Co., Sydney, 
for a period of two years, and Analyst at H.M. Customs, Sydney, for twelve 
months.. At present I hold the above-mentioned position on the Staff of 
Holbrooks (Australasia), Limited, of Sydney, I desire admission to the 
Chemical Society in order to keep in touch with modem chemical literature and 
progress. ( Signed by) Richard W. Challinor, Fred J. Berry, Robert Grant, 
Arthur R. Penfold, S. E. Sibley. 

Edwards, John Moelwyn, 92, Jamaica Rd., Rotherhithe, S.E. 16. 
British, Chemist and Pharmacist and Optician. (1) Early education at the 
Meirioneth County Grammar School. (2) Three years student of Chemistry 
at the Festiniog Higher Grade School. (3) Studied Analytical Chemistry 
and, Physics under Mr. J. Thomas, B.Sc., at Muter’ s School of Chemistry. 
(4) Passed the Qualifying Examination of the Pharmaceutical Society of 
Great Britain in 1905. (5) Four years Sight Testing Optician with Mr. Hugh 

Jones, F.S.M.C., D.B.O.A. Am particularly anxious to keep in touch with 
Analytical work. ( Signed by) Frank B, Arnold, John J. Laws, Percy Barrs. 

Elliott, George Albert, 263, Kennington Road, London, S.E. 11. 
British. Ramsay Memorial Fellow. M.Sc. (Lond.), (i Signed by) L. F. 
Gilbert, S* Barratt, W. E. Gamer. 

Evans, Eric Bertram, 2, Boxmoor Terrace, Southchureh, Southend, 
Essex. English. Student. For two years a student at East London 
College; at present engaged in research there. Awarded 2nd Class in B.Sc. 
Hons. Lond., 1925. (Signed by) J. R. Partington, E. E. Turner, Elwyn 
Roberts. 

Ewbank, (Miss) Elinor Katharine, 22, Park Crescent, Oxford. British. 
Engaged in original research. Took 1st Class in Honours, School of Chemistry, 
Oxford, 1903. E. C. C. Baly and E. K. E., 87, 1347; 87, 1355. N. V. Sidg- 
wick and E. K. E., 119, 486; 121, 1844; 125, 2268. (Signed by) W. H. 
Perkin, H. V. Sidgwick, D. LI. Hammick. 

Farrow, (Miss) Elizabeth Monica Openshaw, 37, Chalfont Rd., Oxford* 
British. Demonstrator in Old Chemistry Dept,, Oxford. Lecturer in 
Chemistry to 5 Women’s Societies. M,A. (Oxon.) (Signed by) W. H; Perkin, 
V. Sidgwick, B. Lambert, M. P. Applebey, Allan F. Walden, E. G. J. 
Hartley, Frederick Soddy, J. Masson Gulland, S. G. P. Plant. 

Free, Oliver, The Lodge, Mansfield College, Oxford. British. Demon- 
strator of Inorganic Chemistry. B.A., 2nd Class Honours. Research 
Student in Physical Chemistry (Radioactivity). (Signed by) M. P. Applebey, 
Frederick Soddy, B. Lambert, 1ST. V. Sidgwick, A. F, Walden. 

Freeman, William Marshall, 16, Oakwood Avenue, Beckenham, Kent* 
British. Of the Honourable Society of the Middle Temple, Barrister-at- 
Law, Recorder of Stamford, and formerly Member of the Pharmaceutical 
Society of Gt. Britain. Author of “The Patents and Designs Act 1907, 
with Appendix on Chemical Patents.” Occasional contributor to legal and 
other journals on Food and Drugs legislation, etc. Interested particularly 
in the promotion of the study of ehemieo-legal science especially with refer- 
ence to the administration of the criminal law. (Signed by) Ernest C. Benni- 
son, H. Berry, Harry Silvester. 

Gee, Eva Florence, The Station, L.N.E.R., Howsham, Lincoln. British. 
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Student of Chemistry at Bedford College. (Signed by) J. F. Spencer, H. 
Crompton, J. Stewart. 

Gemmell, James Walter Shanks, Helen’s Villa, Fleming Place, St, 
Andrews. British. Research Chemist. B.Sc. (Hons.) St. Andrews; now 
employed in Research Dept., Jute Industries, Ltd., Dundee, and desirous 
of keeping in touch with recent developments in chemical science. (Signed by) 
A. Killen Macbeth, James Craik, John Pryde. 

Glover, Francis Reginald, 98/100, St, Peter’s Street, Nottingham, 
British. Managing Director, Cooke & Glover, Engineers, Ltd., Engineers and 
Consulting Chemists, Nottingham, M.I.H.V.E., A.M.I.S.E. (Signed by) E. B. R. 
Prideaux, J. B. Firth, B. D. Shaw, 

Goudielock, William Bouch O’Brien, 28, Fairfield Lane, Barrow-in- 
Fumess. British. Chief Analyst, Vickers Ltd., Barrow-in-Furness. Full 
Technological Certificate, City and Guilds Institute, in Chemistry, Metallurgy, 
and Iron and Steel. Pupil in Vickers’ Lab. under H. B. Weeks, F.I.C., for 
5 years. Chief Laboratory Assistant for 8 years. Chief Analyst ever since. 
Lecturer for 2 years to Vickers’ Engineering Apprentices on Chemical and 
Metallurgical Subjects in Connection with Firm’s Scheme for Higher Education 
of Apprentices. Lecturer to Barrow Engineer’s Assoc., Jan. 1920 and Jan. 
1923. I am desirous of keeping in close touch with modem developments 
in Scientific Chemistry. (Signed by) H. B. Weeks, A. H. Mundey, W. J. 
Davison. 

Grigg, Felix John Theodore, Christchurch (N.Z.). British. Govern- 
ment Analyst, Government Buildings, Christchurch, N.Z. M.Sc. (N.Z.) with 
Honours in Chemistry, A.I.C. (Great Britain). Seven years’ experience in 
analytical work. Now Government Analyst at Christchurch (N.Z.). Pub- 
lished work : “ Geochemistry of the Thermal Lakes, North Island, N.Z.” 
(N.Z, Journal of Science and Technology, 1922, Volume 5, page 156). (Signed 
by) J. S. Maclaurin, P. W. Robertson, K. M. Griffin. 

Ha l l , George Vincent, 6, Borough Road, Bridlington, Yorks. British. 
Student. Bachelor of Science, University of Leeds, June 1925. (Signed by) 
C. K. Ingold, H. M- Dawson, W. Lowson, P. K. Dutt. 

Hall, John, 202, Burton Rd., Derby. British. Chemist. M.Sc. (Leeds), 
A.I.C. Three years in Lab. of Sir W. G. Armstrong -Whitworth & Co.; two 
years in Lab. Dyehouse and Colour Plant of British Celanese. 123, 

2029-2037. (Signed by) A. G. Perkin, G. Reeves, W. P. Skertchly. 

Hare, William Rowan, 220, Eastfield, Peterborough. British. Student 
of Chemistry in the University of Oxford. Desirous of receiving literature 
(Signed by) D. LI, Hammick, S. G. P. Plant, E* Hope, 

Healey, Walter, 28, Gooder Lane, Brighouse. English. Student, 
University of Leeds. Chemical Student who hopes to take up research. 
(Signed by) C. E. Ingold, P. K. Dutt, W. A. Wightman. 

Henderson, Thomas, M.C., M.A., B.Sc., Toronhill Schoolhouse, Dun- 
fermline. Scottish. Demonstrator in Chemistry (Inorganic), University of 
Leeds. M.A., B.Sc., St. Andrews, 1921* Holding a grant from the Dept, 
of Scientific and Industrial Research, carried on research work at St. 
Andrews University, under direction of Sir James C. Irvine, and have held 
the appointment noted above since October 1922. Vol. 121, 1922, Trans., 
p. 892; Vol. 123, 1923, Trans,, p. 1130. (Signed by) R. Whytlaw-Gray, 
H. S, Patterson, B. Topley, W, Lowson, J. C. Irvine, Ettie S. Steele. 

Hirst, Herbert Sim, Trinity College, Cambridge. British. Research 
Assistant to Dr. E. K. Rideal, under Department of Scientific and Industrial 
Research Regulations. First class honours graduate in Physics and Chemistry 
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of St. Andrews University, with two years’ research experience in Cambridge. 
“ The Thermal Decomposition of Nitrogen Pentoxide,” 1925, 127, 657. 
(Signed by) Eric K. Rideal, W. H. Mills, Uliek R. Evans. 

Husain-, Syed, 112, Gower St., London, W.C. 1. Indian. Student. 
M.Sc, (Aligarh Muslim University, India). (Signed by) J» R. Partington, 
E. E. Turner, Elwyn Roberts. 

Iwadarje, Torct, c/o Banyu Pharmaceutical Co., Ltd., 174, Shimomeguro, 
Tokyo, Japan. Japanese Proper. Became Chief Chemist and Managing 
Director of Banyu Pharmaceutical Co., Ltd., in September 1915. Have 
two years’ experience as Assistant of the Chemical Dept, of the Tokyo 
Imperial University, and ten years’ experience as Chief Chemist and Managing 
Director of Banyu Pharmaceutical Co., Ltd. Graduate, College of Science 
(Chemistry), Tokyo Imperial University, 1913. (Signed by) Joji Sakurai, 
T. Takamatsu, Y. Asahina. 

Jayewardene, David Christopher. Mendis, Fern Bank, Moratuwa, 
Ceylon. Sinhalese, British. Science Master, Prince of Wales’ College, 
Moratuwa. (1) Science Master, St. John’s College, Panadura, Ceylon (1918 
and 1919). (2) Asst. Chemist, Butter Substitutes Supplies, Ltd., Colombo 
(1920). (3) Science Master, Prince of Wales’ College, Moratuwa (since 1921). 
(Signed by) W. N. Rae, J. P. C. Chandrasena, K. V. Rau. 

Jessop, Gilbert, 453, Glossop Rd., Sheffield. British. Research Chemist. 

M. Sc., Ph.D. (Sheffield). Three years’ Research in Physical Chemistry. 
Papers in the Proc . Boy . Soo. t 1925, 98b, 206 (with Mr. N. K, Adam), and 
in the J.C.S. (with Mr. F. G. Tryhom), 1925, 127, 1320; (with Mr. N. K. 
Adam), 1925, 127, 1863. (Signed by) W. P. Wynne, F. G. Tryhorn, N. K. 
Adam. 

Johnson, Charles Benjamin, 134, Preston New Road, Blackburn. 
British. Minister of Religion (Fellow of Royal Astronomical Society). I 
desire to keep abreast, by means of the Society’s Publications, of advance in 
General and Physical Chemistry. (Signed by) G. W. F. Holroyd, J, Hindle, 
Robert H. Pickard. 

Jones, Walter Idris, 7, Manor Street, Cambridge. Welsh. Research 
Student. Gonville and Caius College, Cambridge. Ph.D. (Cantab.), B.Sc. 
(Wales), etc. Trans. Chem . Soc. t 1923, 123, 2688; 1924, 125, 2590. (Signed 
by) Hamilton McCombie, John Dexter, Harold A. Scarborough. 

Keenan, Henry Wilprid, 80, Upper Richmond Road, East Sheen, S.W. 14. 
British. Works Chemist. Practical experience in various branches of 
Analytical and Manufacturing Chemistry founded on a three years’ Systematic 
Apprenticeship (with evening studies) under Dr. Julius Holzapfel and Dr. 
P. E. Bowles, F.I.C., by whom indentures are signed. Invented processes 
(including design and erection of plant for large scale production) dealing 
with (a) Paint and Varnish Industry, (b) Celluloid Industry, (c) Oils, and 
operated successfully. (Signed by) Charles Dor6e, Francis Arnall, J. C. Crocker. 

Kemp, Brian Cha r les Lavers, Wellington College, Berks. British. 
Schoolmaster. Chemistry Master (Vlih Form) at Wellington College; B.A. 
(Oxon.). 1922-23, research work on derivatives of Dianisoyl Methane. 
(Signed by) G. Watson Gray, D. LI. Hammick, B. Lambert. 

King, Charles, F.S.A. (Scot.), 21, Newton Place, Glasgow. .British. 
Electro-therapeutist. Fellow of the Society of Science, Lond. Applicant 
is in practice as Electro-therapeutist, and is desirous of keeping in touch with 
current chemical progress. (Signed by) G. G. Henderson, J. Roberts, Archd. 

N. Currie. ■ . 

Koch, Frederick Karl Victor, 9, Crossfield Road, Hampstead, N.W, 3. 
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English, Research in Physical Chemistry, Imperial College of Science and 
Technology, B.Sc. (1st Class), A.R.C.S. (2nd Class). (Signed by) James C. 
Philip, H. J. T. Ellingham, H. F. Harwood. 

Langford, Charles Dudley, 43, Ashbourne Av., Temple Fortune, 
London, N.W. 11. British. Research Student (Organic Chemistry), Royal 
College of Science. A.R.C.S., B.Sc. Honours (passed 1925, to be awarded 
1926 owing to regulations). (Signed by) G. A. R. Kon, R. W. West, E. H. 
Farmer. • 

Laroia, Banarsi Das, Pindi Street, Ludhiana, Punjab, India. Indian. 
Student. B.Sc. (Hons.) Punjab University (India), B.A. (Hons.) Oxford 
University. At present student of Imperial College of Science and Tech- 
nology (for Ph.D.). (Signed by) E. H. Farmer, G. A. R. Kon, M. A. Whiteley. 

Laszlo, Henry Guinness de, 3, Fitzjohn’s Avenue, Hampstead, N.W. 3. 
British. ResearchXhemist. B.A. Hons. (Cantab.), Ph.D. (Zurich). (Signed 
by) M. A. Whiteley, G. Ingle Finch, Samuel Smiles. 

Leatherbarrow, Bertram Grey, Hill Crest, Station Rd., Brimington, 
Chesterfield. British. Senior Assistant Teacher, Brimington k Central^School. 
Intermediate B.Sc. Two years subsequent graduation courses. Head- 
master, Brimington Central Evening School, teaching all the Technical 
Courses. Student, Liverpool University 1919-1923. (Signed by) E. C. C. 
Baly, W. C. McC. Lewis, I. M. Heilbron, H. J. Stem. 

Lbnher, Sam, 15, Gordon Street, London, W.C. 1. American. Research 
Student at the Ramsay Laboratory, University College, London. Graduate 
of the University of Wisconsin (B.A. Degree), 1924. Internal student for 
the Ph.D. degree, University College, London, one year. McHaffie andLenher, 
J.C.S., 1925, 127, 1559 — 1572. (Signed by) F. G. Dorman, W. E. Gamer, 
J. A. Currie. 

Lennon, John Joseph, 6, Bartlemas Road, Oxford. Irish. Research 
Student. M.Sc., National University of Ireland, 1924, 1851 Scholar. Paper 
in collaboration with Hugh Ryan, D.Sc., Proc. Boyal Irish Acad., xxxvii, 
B, p. 27. (Signed by) W. H. Perkin, Francis Lions, R. D. Haworth, John 
Rankin. 

Macartney, William, c/o Grattan & Co., Ltd., Belfast. British. Pharma- 
ceutical Chemist. Chief Chemist of Messrs. Grattan & Co., Ltd., Wholesale 
Manufacturing Chemists and Aerated Water Manufacturers. Member of the 
Pharmaceutical Society of Ireland. Vice-President North Irish Pharma- 
ceutical Society, Vice-President Ulster Drug Trade Association. No pub- 
lished papers in the J oumcd of the Chemical Society. In order to keep in touch 
with current advances in Chemistry. (Signed by) Henry Wren, Chas. J. 
Still, A. W. Stewart, Theo. Harper. 

MoHafpib, Ivan Roy, 37, King Henry’s Rd., London, N.W. 3. Canadian. 
Research Student, University College, London. B.A., M.Sc. University of 
Manitoba, Canada. “ The Adsorption of Water from the Gas Phase on 
Plane Surfaces of Glass and Platinum,” J.C.S., 1925, 127, 1559-1572. 
(Signed by) F. G. Donnan, W. E. Gamer, S. Barratt. 

McLean, Neil, M.A., B.Sc., 127, Blenheim Place, Aberdeen. British. 
Station Director of the British Broadcasting Station at Aberdeen. Applicant 
is a Master of Arts and Bachelor of Science of Glasgow University, and is 
much interested in chemical science and desirous of having the best available 
literature on this subject for the purposes of his work. (Signed by) J. F. 
Tocher, G. G, Henderson, Archd. N. Currie. 

Manchester, Leslie George, 557, Green Lanes, Hornsey, N. 8. British. 
Student. Two years a student at East London College; now engaged in 
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research work at same college ; awarded 2nd Class in B.Sc. Hons. Lond. 
1925. ( Signed by) J. R. Partington, 32. E. Turner, R, J. W. Le F6vre. 

Markwell, William Alfred Nottage, 26, Huntsmoor Road, S.W. 18. 
English. Chemist. Desire to receive the Journal and to keep in touch 
with the progress of Chemical Science. {Signed by) E. W. Lucas, S. 
Greenberg, F. C. Ray, J. L. White, Henry Phillips. 

Martin, William Francis, 27, Shandon Crescent, Edinburgh. British. 
Work’s Chemist, in the employment of Messrs. T. & H» Smith, Ltd., Bland- 
field Chemical Works, Edinburgh. Fellow of Institute of Chemistry (F.I.C,), 
Member of Pharmaceutical Soc. of Gt. Britain (M.P.S.). (Signed by) James 
Walker, Alexander J. Dey, James Watt. 

Miller, C harle s Henry Lawrence, 50, Rowden Rd,, Beckenham, Kent. 
British. Student (B.Sc. Honours Chemistry) at East London College. At 
present doing research work. Desirous of keeping in touch with modern 
Chemical Research. (Signed by) J. R. Partington, E. E. Turner, D. C. Jones, 
W. H. Patterson. 

Moore, Arthur, Highfield, Oakworth, Keighley, Yorks. British. Student 
(Chemistry). 3rd Year (final) Hons. Chemistry, Royal Coll, of Science, 
London, S.W. 7. ( Signed by) H. L. Riley, H. F, Harwood, H. D. Murray. 

Morrison, Alexander John, Sydney, N.S.W. Assistant Superinten- 
dent of Testing and Inspection, Public Works Dept., Sydney. Training : 
Student for 3 years (night course) in the Chemical and Assay Laboratory of 
the late William Grosse, Mining Engineer and Metallurgist. Sydney Technical 
College : 4 years’ course practical chemistry ; 3 years’ course theoretical 
chemistry; 2 years’ course organic chemistry. Engaged on special investig- 
ation in connection with fixed oils and alloys. Original Papers ; (With 
F. R. Morrison), “ Examination of the fixed oil of the Queensland Nut,” 
read before the Sydney Technical College Chemical Society (Vol. 1, pages 
84 — 88). “ Testing of Sand for Use in Portland Cement Mixtures,” Paper read 
before the Sydney Technical College Chemical Society 1914 (Vol. 1, pages 
17 — 26)* “ Permeability of Concrete ” (with the late B, J. Smart, B.Sc. 
(London), Paper read before the Engineering Association of New South 
Wales (Vol. xxxiii, Part 2, page 1). Have been engaged in the chemical and 
mechanical testing of all classes of structural materials in the Testing Labor- 
atory, Public Works Department, New South Wales, for the past 27. years. 
These materials include Portland cement, steel, alloys, asphaltum, tars, 
paints, oils, etc. Representative of the Australian Chem. Institute on the 
Engineering Standardisation Committee dealing with the drawing up of a 
Standard Specification for Portland Cement for the Commonwealth of 
Australia. (Signed by) A. R. Penfold, R. Grant, Richard W. Challinor, 
Fred J. Berry, George Z. Du Pain. 

Morrison, Frank Richard, Brae Street, Waverley, Sydney, N.S.W. 
Australia. Asst. Economic Chemist, Technological Museum, Sydney. 
Diploma in Chemistry of Sydney Technical College, 1921. Associate of 
Australian Chemical Institute since 1920. Member of Royal Society of 
N.S.W. since 1921. Member of Sydney Technical College Chemical 
Society since 1913, and Joint Hon. Secretary since 1921. Positions held : 
One year in laboratory of Sydney Technical College ; three years in laboratory 
of Metropolitan Board of Water Supply and Sewerage, Sydney ; nine years 
in present position at Technological Museum, Sydney. Original papers : 
“ The Occurrence of Rutin in the leaves of the Boronia (N, 0. Rutacese) ” 
(read before the Royal Society of N.S.W,, 2nd November, 1921); “The 
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essential oil of Kunzea corifolia ” (read before the Boyal Society of N.S.W., 
1st November, 1922) ; “ A Chemical examination of the seeds of the 4 Bunya 
Bunya * (Araucaria Bidwitti, Hooker) ” (read before the Royal Society of 
N.S*W., 3rd December, 1924). Conjointly with Mr. A. B. Penfold 9 F.A.C.I., 
F .C.S. 44 Preliminary note on a new stearoptene (probably a phenol ether) 

occurring in some essential oils of the Myrtacese ” (read before the Royal 
Society of N.S.W., 5th July, 1922) ; 44 The essential oil of Eriostemon 
Crowei ( Crowea saligna) and the presence of a new phenol ether ” (read 
before the Royal Society of N.S.W., 6th December, 1922); “ Preliminary 
note on the electrolytic reduction of Piperitone ” (read before the Royal 
Society of N.S.W., 5th September, 1923) ; 44 Notes on Eucalyptus piperita 
and its essential oils, with special reference to their Piperitone content ” 
(read before the Royal Society of N.S.W., 2nd July, 1924). Conjointly 
with Mr. A. Morrison : “ The chemical examination of the fixed oil of 
the Queensland Nut ( Macadamia temijolia) ” (read before the Sydney. 
Technical College Chemical Society, 24th June, 1923). (Signed by) A. R. 
Penfold, R. Grant, Richard W. Challinor, Fred J. Berry, George Z. Du Pain. 

Murgatroyd, John Blackburn, 90, St. George’s Square, Westminster, 
S.W. 1. British. Demonstrator, Imperial College of Science and Tech- 
nology, South Kensington. Taking up Research at the above College. 
(Signed by) H. B. Baker, J. N. Sugden, Leslie S. Theobald. 

Nanavati, Chits ukhlal Hiralal, 80, Esplanade Road, Fort, Bombay. 
Hindoo. L.T.C., Analytical Chemist. Graduate of The Victoria Jubilee 
Technical Institute, Bombay ; in Chemistry with special subject of Foods, 
Drugs and General Analysis ; in Second Class with the title of Licentiate of 
Technical Chemistry, of the year 1921. Worked as Analytical Chemist 
with Messrs. Hughes & Davies and Messrs. Killick, Nixon & Co. ; at present 
practising as Analytical Chemist. (Signed by) S. J. Sh&h, Kapilram H. 
Vakil, R. G. Saraiya. 

Nicholson, Henry, 44 Aberlady,” Osborne Rd., Stockton-on-Tees. 
English. Chemistry Master in Boys Secondary School, Stockton-on-Tees, 
since Nov. 1905. B.Sc. Durham University, 1904. M.Sc. for Research on 
the influence of the acetyl group as a protective agent in the oxidation of 
a-acetylnaphthylamine, 1907* (Signed by) J. G. Taylor, J. A. Smythe, W. M. 
Madgin. 

O’Meara, Anna Maria, 83, Elsham Road, Holland Park, Kensington, 
W. 14, Irish, Pharmacist. M.P.S. (London). Was for 4 years trained 
under John Armstedt Ray, M.A., Ph.C,, Trinity Coll., Dublin, at his Labor- 
atory in 23, Nassau Street, but never took any Analytical Examination. 
Was 3 years Pharmacist at Bolingbroke Hospital, Wandsworth Common, 
S.W. 11; was 1 year at Willesden General Hospital as Pharmacist, and 
occasionally have worked at the M.A.B* Homerton and Park Royal, Hither 
Green. At present am pharmacist at the Women’s Hospital, Soho Sq., 
and I take Students for both the qualifying and Apothecaries’ Hall Exam, and 
train them for same. (Signed by) H* Lucas, A. Thomas, S. Greenberg. 

Palmer, Horace Winston, 15, Hollingdean Terrace, Brighton. British. 
Research Student, East London College. B.Sc. London, Hons. I, Chemistry. 
(Signed by) J. R. Partington, D, 0. Jones, W. H. Patterson. 

Parker, Norman Frederick, 45, Sellons Avenue, Harlesden, N.W. 10* 
British (English). Chemical Engineer* B,A. Cambridge; Associate of 
Institute of Chemistry; 1st Class, Natural Science Tripos, PartJI (Chemistry), 
1923. (Signed by) W* J. Pope, C, T* Heycock, W. H. Mills. 

Patterson, Austin McDowell, Antioch College, Yellow Springs, Ohio, 
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U.S.A. United States. Professor of Chemistry, Antioch College, TJ.S.A. 
Formerly Editor of Chemical Abstracts . (Signed by) C. S. Gibson, T. Slater 
Price, John Greenaway. 

Phillis, Ernest, 22, Fairford Terrace, Dewsbury Rd., Leeds. British, 
Research Student, Leeds University. B.Sc., 1st Class Hons, in Pure 
Chemistry, 1925. (Signed by) J. B. Cohen, C. K. Ingold, P. KL. Dutt, J. W. 
Baker. 

Pollitt, Jonathan, 17, Caversham Avenue, Palmers Green, N. 13. 
English. Chemistry Master, Hornsey County School, 1905- . B.A. 
(N.U.I.) Chemistry, Physics, Maths. Student (Chemistry) Birkbeck College 
since 1908. (Signed by) George Senter, Samuel Sugden, B. R. Heasman, 
F. J. Thomeyoroft, A. M. Ward, Wm, W. Myddleton. 

Porter, Charles Raymond, 126, Linden Road, Bournville, Birmingham. 
English. Chemistry research assistant. M.Se., A J.C. Three years research 
assistant in Chemistry Department, University of Birmingham; part author 
of Berichte> 1925, 58, 333, and 1924, 125, 731 and 1269. (Signed by) 

J . D. Main Smith, W. J. Hickinhottom, W, N. Haworth. 

Price, Evan Emrys, Rock House, Heathfield, Swansea, Glam. British, 
Science Teacher, The College, Penarth, S. Wales. Graduate in Chemistry of 
University of Wales. Studied at University College, Swansea, 1920 — 1924. 
(Signed by) J. E. Coates, Leonard E. Hinkel, E. Stanley Hiscocks. 

Pring, Marjorie Ellen, 66, St. Augustine’s Avenue, S. Croydon, Surrey. 
British. Research Student at Bedford College for Women, Regent’s Park. 
B.Sc., 1st Class Hons, in Chemistry, London University. (Signed by) J. F. 
Spencer, H. Crompton, M. S. Crewdson. 

RIy, Jnanendra Nath, Calcutta. Indian. Lecturer, Calcutta University, 
M,Sc. (CaL). Research Student, Manchester Univ. “Synthesis of oxy- 
herberine ” (joint author)* J., 1925, 127, 740; “ Synthesis in the Thianthren 
series,” 1921, 119, 1959; “ Catalytic action of Iodine in sulphonation,” 
J., 1920, 117, 1405; joint author, “Modification and extension of Friedel 
& Crafts’ reaction,” J,, 1920, 117, 1335. (Signed by) Robert Robinson, 
Arthur Lapworth, Henry Stephen, Wilson Baker. 

Roberts, Herbert Charles, 15, Estcourt Terrace, Headingley, Leeds, 
British, Chemist Director, Taylor’s Drug Co., Ltd., P.O, Box 141, Burley 
Hill, Leeds. 20 years Analytical Chemist to above Co. Since 1908 Chemist 
Director and Superintendent under the Pharmacy Act to above Co* (Signed 
by) John Rennie, F. C. Savage, F, Pilkington Sargeant. 

Sanderson, Phyllis Mary, 7, Cresswell Place, S.W. 10. British. Re- 
search (Biochemical). I desire to become a member of this Society for the 
purpose of keeping in touch with current scientific investigations. (Signed by) 
F, G. Donnan, W. E. Garner, Henry Terrey. 

Sass, Rose Rachel, Newhham College, Cambridge, British. Research 
Student. B.Sc, Hons, of the University of the Witwatersrand, Johannes- 
burg, S. Africa. Demonstrator for 3 years. Now a research student in the 
Laboratory of Physical Chemistry, Cambridge University. (Signed by) 
T, M. Lowry, Eric K. Rideal, L J. Faulkner. 

Saxon, Robert, Westfield Terrace, Baildon, Yorks. British. School- 
master. Teacher of Chemistry at the Belle Vue Secondary School for 17 years. 
Teacher of Steam and Heat Engines, which included the Thermal Chemistry 
of Carbon and Hydrogen combustion and tests for SH 2 , NH S , etc., in Coal 
^ Producer Gas for 15 years in the Belle Vue Technical School (evening). 
Eleven years Head Master present School, The Forster School for Boys, 
Bradford, under the Bradford Authority; entrance to school only by 
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Scholarship Examination. Bachelor of Science, Victoria Univ., Manchester, 
1896. Studies under Prof. Tilden, Royal Coll, of Science, London, 1900, and 
Prof. Watts, Geology, 1901 (Vacation Course), (Signed by) Barker North, 
Robt. D. Abell, T. W. Price. 

ScrvER, Albert, 84, Vineyard Ball, Wimbledon Park, S.W. 19. English. 
Analytical and Consulting Chemist and Bacteriologist. B.Sc. (First Class 
Honours, University College, London), A.I.C. Assistant to Drs. S. and E. K. 
Rideal, 28, Victoria St., S.W. 1. Lecturer on Bacteriology applied to 
Chemistry at Battersea Polytechnic. (Signed by) F. G. Donnan, Eric K. 
Rideal, W. E. Gamer. 

Scott, George Baty, 37, Woodbridge Road, Knowle, Bristol. British. 
Organic and Inorganic Chemistry Student for two years at Central Poly- 
technic Institute, after passing the Qualifying Examination of Pharmaceutical 
Society, 1896. For some years have been closely associated with British 
Fine Chemicals, embracing Dye Intermediates, Research Chemicals, Saccharin 
and by-products. Wishful to have access to Society’s Library and Publica- 
tions, thus keeping up to date with the latest advances in Chemistry. (Signed 
by) J. Wicliffe Peck, D. Hughes, T. O. Rent, W. D. Wallace, Archibald 
Macpherson. 

Scammell, Rupert Bos wood, c/o F. H. Faulding & Co,, Ltd., Castle- 
reagh St., Redfern, Sydney, N.S.W. British. Manufacturing Chemist. 
Bachelor of Science (Sydney). Six years’ experience in Manufacturing 
Chemistry with the above firm. I desire to keep in touch with modem 
chemical literature for research purposes. (Signed by) 3, Kenner, George 
Harker, J. C. Earl. 

Shin, Upo, B.A.S., Agricultural Farm, Mandalay. Burman. Officiating 
Agricultural Chemist, Burma, Mandalay. Published as Memoirs of the 
Department of Agriculture in India on 4 4 The Phosphate Requirements of 
some Lower Burma Paddy Soils.” (Signed by) Maung Ba, Maung Ba San, 
Maung Tun Tin. 

Singh, Dalep, near Tehsil, P.O. Lahore, India. Indian. Research 
Student, Cambridge University. Ph.D. Cambridge. (Signed by) W. 3. 
Pope, W. H, Mills, Eric K, Rideal. 

Smith, Frederick Francis Percival, Peterhouse, Cambridge. British. 
Research Student in the Cambridge Univ. Laboratories. 1st Class Nat. 
Sci, Tripos, Parts I and II. 1st Class London Ext. B.Sc. Hons, (in Chemistry). 
(Signed by) Hamilton McCombie, Harold A. Scarborough, W. A. Waters* 

Smith, Robert Frederick, 264, Higham Hill Road, Walthamstow, E. 17, 
British. Student of Chemistry at East London College. Desirous of keeping 
in touch with Modem Research, (Signed by) .J. R. Partington, E. E. Tumor, 
Elwyn Roberts. 

Soper, William Ernest, 60, Aislibie Road, Lee, London, S.E. 12. British. 
Research Student at East London College. B.Sc. (Lond.). *( Signed by) 
3* R. Partington, E. E. Turner, Elwyn Roberts. 

Southern, Herbert Kenneth, Glenariff, Whaley Bridge, Nr. Stockport, 
Cheshire, also Government Laboratory, Strand, W.C. 2. British, Tem- 
porary Assistant Chemist, Government Laboratory, B.Sc. (Hons. Chem.) 
after 3 years and M.So. after a further year’s research work in physical 
chemistry at Manchester University. Assistant Demonstrator in chemistry 
for 1 year at Manchester University. Six months as chemist with paint 
and enamel firm; <4 months at Government Laboratory. (Signed by) Robert 
Robertson, 3. 3 . Fox, Geo. Stubbs, T. W, Harrison. 

Speight, Eric Alfred, 61, Arthur Road, Wimbledon Park, S.W. 19. 
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British. Research, worker in Organic Chemistry. Assoeiateship of the Royal 
College of Science. B.Sc, (Lond .) , Diploma of Imperial College, all in Chemistry. 
Have been engaged in study of Chemistry for 6 years, the last two being 
research. Published paper in Oct. 1924 J.C.S. on formation of Hydrindone 
derivatives. {Signed by) Jocelyn Thorpe, G. A. R. Ron, Arnold Stevenson. 

Swire, Frank Harland, 152, Queen’s Road, Halifax, Yorks* British. 
Pharmacist. c; Minor ” Qualification of the Pharmaceutical Society. 
Member of the Pharmaceutical Society of Gt. Britain. Bate Student in 
Chemistry at the Halifax Technical College and at The School of Pharmacy, 
Bloomsbury Sq., London, W.C, 1. {Signed by) T. E. Wallis, F. Browne, W. J. 
Stansfield. 

Tattersall, Harold James, B.Sc., Ph.D., 141, Thorold Road, Ilford, 
London, E. British. Research Chemist, Graduate of St. Andrews Univer- 
sity. B.Sc., Ph.D. Research work carried out at University College, Dundee. 
Presently engaged in research photographic chemistry. Publishing under 
authorship McKenzie and Tattersall, probably in November 1925. {Signed 
by) Alex, McKenzie, 0. Rhys Howell, R. Roger, John Foggie. 

Thorpe, William Veale, 270, Balham High Road, London, S.W. British. 
Research Student, Medical Research Council, Mount Vernon, Hampstead, 
N.W. 3. B.A. (Cambridge Natural Science Tripos, Parts I and II). One 
year’s research at Mount Vernon. {Signed by) W. J. Pope, Jocelyn Thorpe, 
Hamilton McCombie, W. H. Mills. 

Towler, William Milburn, 28, Denton Ave., Roundhay, Leeds. British. 
Student. B.Sc. Hons. Chemistry, Leeds University. {Signed by) H. M. 
Dawson, P. K. Dutt, H. Holness. 

Tratll, Daved, 58, Chalmers St., Dunfermline, Scottish. Research 
Student. B.Sc. (1st Cl. Hons. Chemistry, St. Andrews), 1923. Research 
in Organic Chemistry, 1923-1925. Macbeth and Traill, T., 1925, 127, 892; 
and 1118. {Signed by) A. Killen Macbeth, Irvine Masson, James Craik* 
Thicker, Elvera Annie, 319, Norwich Rd., Ipswich. British. Student 
of Chemistry at Bedford College. (Signed by) J. F. Spencer, H, Crompton, 
J. Stewart. 

Turner, Donald Morrison, 40-42, Lexington St., W. 1. British. 
Representative of Mead Johnson & Co., Food Specialists. M.Am.Chem.Soc. 
Ten years Asst. Analyst, Govt. Laboratory, Newfoundland, Desire to 
receive the publications of the Society and keep in touch with modem work, 
(Signed by) D. James Davies, G. S. W. Marlow, F. S. Aumonier, 

Turner, Geoffrey, 85, Winchester Avenue, Leicester. English. Re- 
search Student, attending Loughborough College, Leies. B.Sc, (2nd Class 
Honours, London); Diploma of Loughborough College (Honours). (Signed 
by) A. Bramley, A. T. Eggington, G. Lawton. 

Tyler, Norman Leopold, 9, St. Paul’s Gardens, Spennymoor, Co. Durham. 
British. Chief Chemist and Manager of Messrs. Intermediates and Explosives, 
Ltd., Dean and Chapter Colliery, Ferryhill, Co. Durham. City and Guilds 
and South Kensington Examinations, Inorganic and Organic. South Staffs. 
Scholarship Metallurgy., Iron and Steel. Secretary of N.E. Section of the 
British Association of Chemists. Fourteen years with Messrs. Chance and 
Hunt, Ltd., Oldbury and Wednesbury. Chemist in Charge of several plants 
for dght years. ‘ (Signed by) S. I. Levy, L. R. B. Pearce, W. A. S. Calder. 

Vernon, Herbert Ward, 245, Albert Rd,, London, N. 22. British, 
’Research Chemist. B.Sc. in Hons. Chemistry of Viotoria University, Man- 
' fester. Held post as Research Chemist for last nine years, (Signed by) 
Percy C. C. Isherwood, B, H. Bowles, R. E, Brett. 
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Webb, Frederick Henry, “St, Malo.” J ameson Road, Harpenden. British. 
Manufacturing Chemist and Optician. (1) Early Education at the Dunstable 
Grammar School, (2) Studied Analytical Chemistry under J. B. Hoblyn, 
B.Sc., F.I.C. (3) Studied Chemistry and Physics at the London School of 
Chemistry under Henry Wootton, B.Sc. (4) Passed the Qualifying Examina- 
tion of the Pharmaceutical Society in 1910. (5) Passed the Qualifying 
Examination as a Fellow of the National Association of Opticians in 1923. 
Particularly interested in Analytical and Scientific work, (j Signed by) Frank 
B. Arnold, J. J. Laws, Percy Barrs. 

W illia ms, Ewart Harrod, 31, Thomsbeach Road, Catford, S.E. 6. 
British. Chemist, Government Laboratory, Clement’s Inn Passage, W.C. 
B.Sc. (Hons. Lond.), A.C.G.F.C., A.I.C. Research work at Finsbury 
Technical College with Prof. A. J, Hale, and at the Government Laboratory 
with Dr. J. J* . Fox. I desire to keep in touch with modem developments in 
Pure and Applied Chemistry, through the Society’s Journal, and by attend* 
ing the Scientific Meetings of the Society. (Signed by) Robert Robertson, 
Geo. Stubbs, J. J. Fox, A. G. Francis. 

Williams, Gwyn, Cae Ffynnon, Llandudno Junction, North Wales. 
Welsh. Research Student in Chemistry at University College of North 
Wales, Bangor. 1924, B.Sc. (Wales) with 1st Class Hons, in Chemistry. 
1924^5, Research Student at University College, Bangor. (Signed by) 
Kennedy Orton, F. G. Soper, H. B. Watson. 

Williams, Hugh Amphlett, 249, Kennington Rd., S.E. 11. English. 
Student. Student of the Institute of Chemistry, desiring the use of the 
Library and the Periodicals. (Signed by) George A. Stokes, Ernest W. 
Wright, A. J. Hale, H. M. Atkinson. 

Williams, Robert Harping, 131, Anlaby Road, Hull. British. Chemist 
(Pharmaceutical), practising as a Chemist at above address. (Leeds Univer- 
sity Matric.). Two years at Swansea Municipal College (3rd year Medical 
Student). M.P.S. (1907). One year Hull Technical College. Was 2 years 
as Chemist in Middlesbro’ (Analytical), and have been in business at above 
address nearly 4 years. Have been doing analytical work for a number of 
years- (Signed by) Harry Thompson, Thos. A. Nightscales, Edward 
Chapman. 

Wiltshire, John Laurence, 36, Fordel Road, Catford, London, S.E. 6. 
English* Assistant Works Chemist to Messrs* Burt, Boulton, and Haywood, 
Coal Tar Distillers, London. B.Sc. London, 2nd Class Honours in Chemistry 
(1926). Three years’ experience with consulting analyst (Mr. F. W. Harbord). 
Now occupied as above and in pure chemical research under Mr. E. de B. 
Barnett at the Sir John Cass Technical Institute, London. ( Signed by) 
E, de Barry Barnett, Marcus A. Matthews, James W. Cook. 

Wolfe, John James Benjamin, 24, Greyhound Road, Hammersmith, 
W. 6. English. Student (Research), East London College. (Signed by) 
J. R* Partington, Elwyn Roberts, D. C. Jones. 

Wright, Gordon Mitchell, University Chemical Labs., Cambridge. 
British* Research Chemist. MA. (Cantab,), B.Sc. (Glasgow). (Signed by) 
Hamilton McCombie, A. C, P. Lunn, Harold A. Scarborough. 

Wyatt, Wilfred Fisher, North Anston, Nr. Sheffield. British. Demon- 
strator in Chemistry, the University of Sheffield. B.Sc. Hons. Chemistry, 
1923, Sheffield University; M.Sc., 1924, Sheffield University. (Signed by) 
W. P. Wynne, F. G. Tryhorn, G. M. Bennett, Arthur W. Chapman. 

Zimmermann, John Frederick, 17, Stile Hall Gardens, Chiswick, W. 4. 
British. Research Chemist, Diploma of Engineer Chemist, Zurich Poly- 
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technicum. 2§ Years as Assistant to Dr. Tchemiac. (Signed by) J. Tchemiac, 
A. G. Bloxam, C. S. Gibson. 

The following Certificates have been authorised by the Council 
for presentation to ballot under Bye-Law I (2). 

Cuthbbrt, Bertram, c/o The British Australian Cotton Assocn., Oil 
Molls, Brisbane, Australia. British. Oil Mills Manager, 1906-1912, Analy- 
tical Chemist, The Hull Oil Manuf. Co., Ltd., Hull, Eng. 1912-1914, Re- 
search Chemist, The Hull Oil Manuf. Co,, Ltd., Hull, Eng. 1914-1919, 
Research Chemist and Refinery Manager for the Hull Oil Manuf. Co., Ltd. 
1920-1923, Assistant Works Manager and Soap Works Manager for the Hull 
Oil Manuf. Co., Ltd. 1923 to present time, Oil Mills Manager for the British 
Aust, Cotton Assocn., Ltd., Brisbane, Queensland, Australia. ( Signed by) 
Geo. H. Appleyard, H. W. Potts. 

Miixer, Edgar Calvin Le Roy, c/o Medical College of Virginia, Richmond, 
Va., IT.S.A. English. Teacher in Medical College of Virginia. Professor of 
Biological Chemistry and Bacteriology. M.D. (University of Michigan). 
Secretary of the Virginia Academy of Science. Past secretary and past 
chairman of the Virginia Section of the American Chemical Society. (Signed 
by) E. P. Dunnington. 

Sigot, Axeert Louis Auguste, Institut de chimie, 2, Rue Goethe, Stras- 
bourg. Fran$ais. Licencie 6s Sciences, pr6parateur k la Facultd des Sciences 
de PUniversitd de Strasbourg. Charg6 des travaux pratiques de Chimie 
Physique, (Signed by) Louis Hackspill, Georges Baume, 


ADDITIONS TO THE LIBRARY. 

I, Donations . 

Abderhalden, Emil. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. I. Chemische Method©^, Teil 2, Heft i. 
Berlin 1925. pp. 456. M. 21. (Deed. 2/11/25.) 

Erom the Publishers : Herren Urban & Schwarzenburg. 
Barbaudy, Jean. Contribution a 1’dtude de la distillation des 
melanges ternaires Mt£rogenes. Paris 1925. pp. iv + 156. ill. 
(Reed. 11/11 /25.) Prom the Author. 

Eucken, Arnold. Fundamentals of physical chemistry. Trans- 
lated and adapted from the 2nd German edition by Eric R. Jette 
and Victor K. LaMer. New York 1925. pp, xxiv + 700. ill. 
27 *. 6d. net. (Reed. 12/11/25.) 

Erom the Publishers : The McGraw-Hill Publishing Co. 
Journal op the Chemical Industry. Vol. I, etc. Moscow 
1924+, [In Russian.] (Reference.) Prom Dr. M. Nierenstein. 

Kopaczewsei, W. Introduction a l’dtude des colloides : dtat 
colloidal et ses applications. Paris [1925], pp. viii + 226. ill. 
2/11/25.) 

Erom the Publishers : MM. Gauthier-Villars et Cie. 
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Levene, P. A, Hexosamines and mucoproteins. London 1925. 
PP- x + 164. 105. 6d. net. (Reed, 22/10/25.) 

From the Publishers : Messrs. Longmans, Green & Co. 

Masson, Irvine. Three centuries of chemistry : phases in the 
growth of a science. London 1925. pp. 192. ill. 105. 6d. net. 
(Reed. 3/11/25.) From the Publishers : Messrs. Ernest Benn. 

Nagaoka, Hantaro. Anniversary volume. By his friends and 
pupils on the completion of 25 years of his Professorship. Tokyo 
1925. pp. xvi + 424. ill. From the Tokyo Imperial University. 

Russian Physical and Chemical Society. Journal. [Chemical 
Section.] Vol. 55, part 5, etc., Leningrad 1924 + . [In Russian.] 
(For circulation.) From Dr. M. Nierenstein. 

Thoms, Hermann. [Editor.] Handbuch der praktischen und 
wissenschaftlichen Pharmazie. Vol. III. Part iv. Vol. IV. Part 
ii. Berlin 1925. pp. [288], [272]. ill. M. 20. (Reed. 2/11/25.) 

From the Publishers : Herren Urban & Schwarzenberg. 

West, Clarence Jay, and Berolzheimer, D.D. Bibliography 
of bibliographies on chemistry and chemical technology 1900 — 1924. 
(Bulletin of the National Research Council, No. 50.) Washington, 
D.C. 1925. pp. 308. (Reference.) $2.50 net. 

From the Publishers : The National Research Council. 

II. By Purchase. 

Arnou, Ch. Les industries de la conservation des fruits. 3 parts. 
Vannes 1925. pp. 356, 280, 142. ill. 55 fr. (Reed. 5/11/25.) 

Arrhenius, Svante August. Chemistry in modern life. Trans- 
lated by Clifford Shattuck Leonard. New York 1925. pp. 
xvi + 286. ill. 135, U. net. 10/11/25.) 

DelbrDck, Max. Ulustriertes Brauerei-Lexikon. 2nd edition. 
2 vols. Edited by F. Hayduck. Berlin 1925. pp. iv + 534, 
ii + 438. ill. (Reference.) M. 54. 

Camber, Oswald, Die Herstellung des Cereisens und die 
Gewinnung der Chloride der seltenen Erden. Wien 1925, pp. 
viii + 126. if. 4. (Reed. 26/10/25.) 

Gardner, Henry A. Physical and chemical examination of 
paints, varnishes, and colors. 2nd edition. Washington, D.C. 
1925. pp. 376. ill. [Together with 22 circulars of the U.S. 
Standards Specification Board.] 45s. net. (Reed. 19/10/25.) 

GrOn. Adolf. Analyse der Fette und Wachse sowie der Erzeug- 
nisse der Fettindustrie. Vol. I. Berlin 1925. pp. xii + 57 r 6. 
ill. Jr. 36. (Reed. 22/10/25.) 

Ihering, Albrecht von. Masehinehkvtnde fur Chemiker. 3rd 
edition, pp. viii + 348. ill. M . 18. (Reed. 27/10/25.) 
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Rling, And ee. ' [Editor.] Methodes actuelles d’expertises 
employees au Laboratoire Municipal de Paris et documents sur les 
matures relatives a l’alimentation. 6 vols. Paris 1921 — 1923. 
(Seed. 4/11/25.) 

Lange, Otto. Die Schwefelfarbstoffe. 2nd edition. (Chemische 
Technologic in Einzeldarstellungen . ) Leipzig 1925. pp. xiv + 371. 
ill. M. 28. {Reed. 26/10/25.) 

Ostwald, [Wilhelm], and Luther [Robert Thomas Died rich]. 
Hand- und Hilfsbuch zur Ausfiihrung physikochemiseher Messungen. 
4th edition. Edited by Carl Drucker. Leipzig 1925. pp. xx + 
814. M. 35. {Reed. 27/10/25.) 

Preuss, E. Die Fabrication des Starkezuckers, des Stiirke- 
zuekersirups und der Zuekerkulor mit besonderer Beriicksichtigung 
des Betriebes. Leipzig 1925. pp. xvi + 320. ill. M. 16.20. 
{Reed. 27/10/25.) 

Staub, H. Insulin : Darstellung, Chemie, physiologische und 
therapeutisebe Anwendung. 2nd edition. Berlin 1925. pp. vi -|- 
178. ill. M. 8.40. {Reed. 3/11/25.) 

III. Pamphlets. 

Mines Department. Safety in Mines Research Board. Paper 
No. 13. Stone dust as a preventive of coal dust explosions. Com- 
parative tests. By G. S. Rice and Richard Vernon Wheeler. 
London 1925. pp. 15. ill. 

Ray, Sir Praeulla Chandra. Acharyya Prafulla Chandra 
Ray and his many-sided activities. By an admiring pupil. Calcutta 
1924. pp. vi -f 79. ill. 

Rat, Priyada Ranjan. Chemical research in India. (From 
the Calcutta Review, 1925.) 

Scientific and Industrial Research, Department of. 
Report of test by the Director of Fuel Research on Parker low 
temperature carbonisation plant installed at Barugh, Barnsley, at 
the Works of Low Temperature Carbonisation, Ltd. Test carried 
out July 22nd to 24th, 1924. London 1924. pp. iv + 24, ill. 

Report of test by the Director of Fuel Research on the 

carbonisation plant of Midland Coal Products, Ltd., Netherfield, 
Nottingham. Tests carried out January 20th to 23rd, 1925. 
London 1925. pp. vi -f- 23. ill. 

, River gauging : a report on methods and appliances suitable 
for use in Great Britain. By M. A. Hogan. London 1925. pp, 
viii -{- 80. ill. 

First Report of the Fabrics Co-ordinating Research Com- 
mittee, London 1925. pp. iv + 70. ill. 
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Scientific and Industrial Research,' Department of. 
Deterioration of structures of timber, metal, and concrete 
exposed to the action of sea-water. Fifth (interim) report of the 
Committee of the Institution of Civil Engineers. Edited by P. M. 
Crosthwaite and Gilbert R. Redgrave. London 1925. pp. 
viii + 66. ill. 

— - Building Research Board . Bulletin No. I. Jointless (mag- 
nesium oxychloride) floors. By P. W. Barnett and B. Bakewell. 
London 1925. pp. iv + 26. ill. 

Food Investigation Board. Special Report No. 21. The 

“ gas ” content and ventilation of refrigerated holds carrying 
apples. (Second Report on the Australian Expedition, 1923.) 
London 1925. pp. iv + 36. ill. 

Special Report No. 22. Brown heart in Australian 

apple shipments. (Third Report on the Australian Expedition, 
1923.) London 1925. pp. vi + 28. ill. 

Special Report No. 23. Functional diseases of apples 

in cold storage. By Franklin Kidd and Cyril West. London 
1925. pp. 15 + xiii plates. 

Special Report No. 25. The handling and transport 

of fish. By Edgar Griffiths and Crawford Heron. London 
1925. pp. iv + 25. ill. 

Fuel Research Board. Fuel for motor transport. Third 

memorandum. Power alcohol from tuber and root crops in Great 
Britain. London 1925. pp. vi + 37. 

Physical and chemical survey of the national coal 

resources, No. 4. The Lancashire coalfields ; the Ravine seam. 
Part i. London 1925. pp. vi + 34. 

Technical Paper No. 11. The microstructure of a coal 

seam. By James Lomax. London 1925. pp. iv + 14 + 24 
plates. 

— — Technical Paper No. 12. The heating of rooms : a 

comparison of the costs of different methods on the basis of warmth 
comfort. By Margaret White Fishenden, assisted by Robert 
Ernest Willgress. London 1925. pp. iv + 48. 

Technical Paper No. 13. The domestic grate : an 

experimental investigation of the relation between the design of a 
grate and the heat radiated into a room. By Margaret White 
Fishenden. London 1925. pp. iv + 25~ ill. 

* Technical Paper No. 14. The enrichment of coal gas by 

the injection of oil into the retorts during carbonisation. London 
1925. pp. vi + 61. ill. 

Share, Paul Francis, and Gortner, Ross Aiken. Viscosity 
as a measure of hydration capacity of wheat flour and its relation 
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to baking strength. (Univ. Minnesota Agric. Exper. Station , 
Technical Bulletin No. 19.) St, Paul 1923. pp. 119. ill. 

Simon sen, John Lionel. The constituents of some Indian 
essential oils. Parts XIII— XV. (From the Indian Ernst Records, 
1924, 11) 

Simpken, Neville, and Dawe, Alered. Boiler ; feed water 
(supply, softening and control in colliery praotioe), ( Lancs & 
Cheshire Coal Research Assoc. Bulletin No. 16.) London 1925. 
PP- 45. ' ' 

United States. Department of Agriculture. Department 
Bulletin No. 1323. Citrus pectin. By Homer D. Poore. 
Washington 1925 r pp. 19. 

Department of Commerce. Bureau of Standards. Tech- 
nologic Paper Noi’273. Performance tests of a liquid laundry soap 
used with textile materials. By F. R. McGowan, F. W. Smither, 
and Charles W, Sohoffstall. Washington 1924. pp. 26. , ill. 

Woodman, Rowland Marcus. The physics of spray liquids. 
I. The properties of wetting and spreading. (From the J. Pomology 
and Horticultural Science, 1924, 4.) 

Worley, Frederick Palliser. A new view of atomic structure 
and the relationship of the chemical elements. (From the Kept. 
Austral. Assoc. Adv. Sci., 1923, 16.) ill. 

Wotchal, Euoen Ph. A contribution to the study of wood- 
sap. Moscow 1916. pp. 72. ill. [In Russian, with an English 
summary.] 



PROCEEDINGS 


OF THE 

CHEMICAL SOCIETY. 

Informal Lecture, Thursday, November 26th, 1925, at 6 p.m., 
Dr. N. V. Sedgwick, M.A., F.R.S., Vice-President, in the Chair. 

The Chairman mentioned that this was the first of the Informal 
Lectures to be given by the Society, and then called upon Professor 
R. Robinson, D.Sc., F.R.S., to deliver his Lecture entitled : “ Recent 
Research on the Structural Relationships of some Plant Products.” 

At the conclusion of the Lecture a Vote of Thanks to the Lecturer 
was proposed by Professor T. M. Lowry, seconded by Dr. R. H. 
Pichard, and carried with acclamation, Professor Robinson making 
due acknowledgment. 

Ordinary Scientific Meeting, Thursday, December 3rd, 1925, at 
8 p.m., Dr. Arthur W. Crossley, C.M.G., C.B.E., LL.D., F.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Fellows : 

Elected. Died. 

Dec. 5th, 1889. April, 1925. 

May 15th, 1890. Nov. 24th, 1925. 
March 4th, 1897. Nov. 20th, 1925. 

Certificates were read for the first time in favour of : 

Dattatraya Yishwanath Bal, Rothamsted Experimental Station, Harpenden. 
Bernard Meredith Brown, B.Sc., F.I.C., Hill Close, Croham Manor Road, 
S. Croydon. 

Frederick Leslie Clark, 170, Barnsley Road, Sheffield. 

Reginald Clifford Fawcett, B.Sc., The Cottage, Pentre, Wrexham. 

Ko Ko Gyi, Agricultural College, Mandalay. 

Tom Heap, B.Sc., Birch Mount, Church Road, New Mills, Stockport. 

Stanley Barker Johnson, c/o Colombo Gas & Water Co., Ltd., Colombo, 
Ceylon. 

Leonard George Jupp, B.Sc., A.R.C.S., 6, Chesham Road, Kemp Town, 
Brighton. 

Horace Alfred Mayes, B.Sc., The Cottage, Sewage Works, Vicarage Lane, 
East Ham, E, 6. 


James Kerr Erskine 

Robert Walter Oddy . . . 
William Robert Lang ... 
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Henry Geoffrey Ordish, B.A., Chilcombe, Milton Road, Harpenden. 

Arnold Piukus, 238, Amhurst Road, Stoke Newington, N. 16. 

Clifford Burrough Purves, B.Sc., Edenbank, Cupar. 

Suresh Chandra Ray, P.O. Alambazar, Ray Villa, Calcutta. 

Edna Clark Smith, B.Se., 9, Gilston Road, S.W. 10. 

Sidney David Sutton, 2, Glasshouse Street, W. 1. 

Raymond Taylor, M.A., B.Sc., St. Brelades, Woodside Road, Parkstone. 
Richard Victor Thomas, B.A., 17, Pretoria Road, Cambridge. 

Henry Wilkins, B.Sc., 13, Kinfauns Road, Goodmayes. 

Reginald Frank Wright, A.R.C.S., Fairhazel, Avondale Road, Hove. 

Messrs. E. Horton and W. B. Saville were elected Scrutators, 
and a ballot for the election of Fellows was held. The following 
were subsequently declared elected as Fellows : 


Robert Leslie Andrew. 

Louis Baissae. 

William Francis Barker, Ph.D. 
Ralph Basden. 

Frank Bell. 

Arthur Neville Copnall Bennett, B.Sc. 
Harold Frederick Betts, B.Sc. 

John Cecil Bird, B.Sc., A.I.C. 

Lionel Christopher William Birkett, 
B.Sc. 

James Boyd, F.I.C. 

Frank Symonds Bradhurst. 

Edward Britnell, B.Sc. 

Reginald John Bromfield. 

Francis Hereward Burstall, B.Sc. 
Archer John William Butterfield. 
John Hildred George Carlile, B.Sc., 
A.R.C.S. 

Leslie James Chalk, B.Sc. 

Rama Charan, B.Sc., B.Se.Teeb. 
John William Corran, B.Sc., Ph.D., 
AXC. 

John Harold Cottier. 

Edward Mortimer Crowther, D.Sc., 
F.I.C. 

Bertram Cuthbert. 

Frank Edwin Dickinson. 

Joseph Raymond Dolphin, B.Sc. 
Wi lliam Donovan, M.Sc. 

John Stanley Dunn, M.A., Ph.D., 
AXC. 

John Horsfall Dyde. 

George Malcolm Dyson, B.A., B.Sc., 
Ph.D. 

Alfred Eccles, B.Sc. 

Edwin Francis Edwards. 

John Moelwyn Edwards. 

George Albert Elliott, M.Sc. 


Eric Bertram Evans, B.Sc. 

Elinor Katharine Ewbank, B.A. 
Elizabeth Monica Openshaw Farrow, 
M.A. 

Oliver Free, B.A. 

William Marshall Freeman. 

Eva Florence Gee. 

James Walter Shanks Gemmell, B.Sc. 
Francis Reginald Glover. 

William Bouch O’Brien Goudielock. 
Felix John Theodore Grigg, M.Sc., 
A.I.C. 

George Vincent Hall, B.Sc. 

John Hail, M.Sc., A.I.C. 

William Rowan Hare, 

Walter Healey. 

Thomas Henderson, M.C., M.A., B.Sc. 
Herbert Sim Hirst. 

Syed Husain, M.Sc. 

Toru Iwadare. 

David Christopher Mendis Jaye- 
wardene. 

Gilbert Jessop, M.Sc,, Ph.D. 

Charles Benjamin Johnson. 

Walter Idris Jones, B.Sc., Ph*D. 
Henry Wilfrid Keenan. 

Brian Charles Lavers Kemp, B.A. 
Charles Bong. 

Frederick Karl Victor Koch, B.Sc., 
A.R.C.S. 

Charles Dudley Langford, B.Sc., 
A.R.C.S. 

Banarsi Das Laroia, B.A„ B.Sc. 
Henry Guinness de Laszlo, B.A,, 
Ph.D. 

Bertram Grey Leatherbarrow. 

Sam Lenher, B.A. 

John Joseph Lennon, M.Sc* 
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William Macartney. 

Ivan Roy McHaffie, B.A., M.Sc. 

Neil McLean, M.A., B.Sc. 

Leslie George Manchester, B.Sc, 
William Alfred Nottage Markwell. 
William Francis Martin, F.I.C. 

Charles Henry Lawrence Miller, B.Sc. 
Edgar Calvin le Roy Miller, M.D. 
Arthur Moore. 

Alexander John Morrison. 

Frank Richard Morrison. 

J ohn Blackburn Murgatroyd. 
Chitsukhlal Hiralal Nanavati. 

Hfenry Nicholson, M.Sc. . 

Anna Maria O’Meara. 

Horace Winston Palmer, B.Sc. 

Norman Frederick Parker, B.A., 
A.I.C. 

Austin McDowell Patterson. 

Ernest Phillis, B.Sc. 

Jonathan Pollitt, B.A. 

Charles Raymond Porter, M.Sc., 
A.I.C. 

, Evan Emrys Price, B.Sc. 

Marjorie Ellen Pring, B.Sc. 

Jnanendra Nath Ray, M.Sc. 

Herbert Charles Roberts. 

Phyllis Mary Sanderson. 

Rose Rachel Sass, B.Sc. 

Robert Saxon, B.Sc. 

Rupert Boswood Soammell, B.Sc. 

The following papers were read : 


Albert Sciver, B.Sc., A .I.C. 

George Baty Scott. 

Upo Shin. 

Albert Louis Auguste Sigot. 

Dalip Singh, Ph.D. 

Frederick Francis Percival Smith, 
B.A., B.Sc. 

Robert Frederick Smith. 

William Ernest Soper, B.Sc. 

Herbert Kenneth Southern, M.Sc. 
Eric Alfred Speight,, B.Sc. 

Frank Harland Swire. 

Harold James Tattersall, B.Sc,, Ph.D. 
William Veale Thorpe, B.A. 

William Milbum Towler, B.Sc. 
David, Traill, B.Sc. 

Elvera Annie Tricker. 

Donald Morrison Turner. 

Geoffrey Turner, B.Sc. 

Norman Leopold Tyler. 

Herbert Ward Vernon, B.Sc. 
Frederick Henry Webb. 

Ewart Harrod Williams, B.Sc,, A .I.C, 
Gwyn Williams, B.Sc, 

Hugh Amphlett Williams. 

Robert Harding Williams, 

John Laurence Wiltshire, B.Sc. 

John James Benjamin Wolfe, 

Gordon Mitchell Wright, M.A., B.Sc. 
Wilfred Fisher Wyatt, M.Sc. 

John Frederick Zimmermann. 


" On the Budde effect in bromine. Part I. The photoactive 
constituent in wet bromine.” By B. Lewis and E. K. Ridbal, 

“ On the Budde effect in bromine. Part II. The kinetics of the 
reaction and the light absorption of wet and dry bromine.” 
By B. Lewis and E. K. Rideal. 

“ The influence of carbon rings on the velocity of reactions involving 
their side-chains. Part I. The hydrolysis of cyclic and open- 
chain malonic esters.” By R. Gane and 0. K. Ingold. 

” The density of boric oxide glass and the suspected variation 
the atomic weight of boron.” By H. V. A. Briscoe, P. 
Robinson, and G. E. Stephenson. 


^ 5 ' 
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Ordinary Scientific Meeting, Thursday, December 17th, 1925, 
at 8 p.m., Dr. Arthur W. Crossley, C.M.G., C.B.E., LL.D., F.R.S., 
President, in the Chair. 

The President referred to the loss sustained by the Society, 
through death, of the following Bellows : 

Elected. Died . 

George Frederick William Blackburn May 15th, 1913. Nov. 23rd. 

Edmund Knecht Dec. 1st, 1910. Dec. 8th. 

James Grant Feb. 6th, 1890 Dec. 7th. 

The President announced that : 

1. A Special Lecture will be delivered by Professor J. Barcroft, 
F.R’S., entitled <c Haemoglobin 55 on Thursday, February 11th, 
1926, at 8 p.m. The Lecture will be held in the Chemistry Theatre 
of the University College, Gower Street, W.C. 1, by the kind per- 
mission of the College Authorities. 

2. British Chemical Abstracts “ A,” Pure Chemistry for 1926, 
printed on one side of the paper only, and gummed or ungummed, 
will be obtainable by Fellows at the price of £3 Os. 0 d., post free. 
Application should be made to the Assistant Secretary, Mr. S. E. 
Carr, as soon as possible. 

The following were formally admitted Fellows of the Chemical 
Society: Thomas M. Sharp, Arthur Moor, Cecil J. May, J. F. 
Zimmermann, F. Bell, C. D. Langford, and J. M. Edwards, 

Certificates "were read for the first time in favour of : 

Edwin Melhuish Bailey, Almond Hill, Pumpherston, Midcalder. 

Carl Howard Collie, B.A., Hew College, Oxford. 

William Eric Downey, Ph.D., Imperial College of Science and Technology, 
S. Kensington, S.W. 7. 

Andor Fodor, Ph.D., Hebrew University, Jerusalem. 

Herbert Harris, B.Sc., Ph.D., A.R.C.S., 1, Royal York Villas, Clifton, Bristol. 
Ralph Harry Klein, A.I.C., II, Park Place Villas, Maida Hill, W. 2. 

Montague Alexander Phillips, A.I.C., 31, Cator Street, S.E. 15. 
Devasikhamani Sunderavelu Pillai, 37, Hill Street, Stoke-on-Trent. 

Charles Aylmore Ray, B.A., 47, Somerford Grove, Tottenham, N. 17. 

Ivy Winifred Elizabeth Rogers, 8, St. Lawrence Road, W. 10. 

Ronald Stanley Russell, B.A., 47, Redington Road, Hampstead, H.W. 3. 
Robert John Schaffer, B.A., B.Sc., 3, Hambalt Road, S.W. 4. 

Charles Richard Hoel Strouts, B.A., B.Sc., A.I.C., Westminster Bank, Kew 
Gardens, Surrey. 

Frank Sherwood Taylor, M.A., B.Sc., 21, Shortlands Road, Shortlands, Kent. 
Claude Stanley Watson-Will, Musgrave Road, Indooroopilly, Brisbane. 

Idris Williams, B.A., 19, Silver Street, Cambridge. 

TfcA meeting was then adjourned, and the Informal Meeting 
^cfe^aredopen. 



149 


The Council has made the following Grants from the Research 
Fund : 

_ £ s. d. 

•Preparation and investigation of rare earth carbides. N. L. 

Anfilogoff . . . . 10 0 0 

Preparation of phenanthrenes from stilbenes. J. 1ST. Ashley ... 5 0 0 

Investigation of certain binary and ternary systems. C. R. 

Bailey 5 0 0 

Synthesis of genistein. W. Baker ... 15 0 0 

Studies in the anthracene series (contd.). E. de B. Barnett ... 5 0 0 

(а) Studies in aliphatic and cyclic sulphides 

(б) Reactivity of some quinoxaline bases. G. M. Bennett ... 5 0 0 

Study of the mutual solubility relations of certain binary liquid 

systems. H. F. Betts 3 0 0 

The dynamic isomerism of menthyl-cotamine and of assym- 

metrical xanthydrols. B. C. Chatter jee ... 12 0 0 

Thiocyano- and selenocyano -groups in the aromatic nucleus. F. 

Challenger 5 0 0 

Preparation and study of certain polyhydroxy derivatives of 

diphenic acid. G. H. Christie 5 0 0 

Synthesis of substituted tri- and tetra-methylene ring derivatives 
from compounds obtained by condensation of malonic ester 

with aldehydes. H. Clayton ... 5 00 

Anthranyl ketones. J. W. Cook 5 0 0 

Addition of bivalent carbon compounds to bodies of the diazo- 

methane class. K. Cooper ... 5 0 0 

Stability of Schiffs bases. P. K. Dutt ... ... 5 0 0 

Conversion of asymmetric bromo compounds into the correspond- 
ing sulphonic acids. E. B. Evans ... ... ... ... 5 0 0 

Influence of the benzoyl group on the mobility of the three-carbon 

tautomeric system. M. D. Farrow 10 0 0 

Studies in the catalytio activity of charcoal. J. B. Firth ... 10 0 0 

Solubility relationships of alums and pseudo alums. S. Glasstone 3 0 0 

Study of alkylene thiosulphates and of alkylene disulphonie acids. 

J. Goodspeed ... 5 0 0 

Quasi-aromatic structure [contd.), F. R. Goss ... ... ... 5 0 0 

Properties of conjugated compounds. A. T. Healey . 6 0 0 

Periodic chemical reactions. E. S. Hedges ... ... ... 15 0 0 

Substitution in the aromatic nucleus. W. J. Hickinbottom ... 4 0 0 

Photochemical combination of hydrogen with other gases. H. S. 

Hirst ... ... 7 0 0 

(a) Synthetical experiments in the anthoeyanidin series ... 

(i b ) Synthesis of indole derivatives. H. R. Ing ... 10 0 0 

Conditions of equilibrium between alkali and alkaline earth 

halides and the alcohols {contd.). W. J. Jones ... ... 8 0 0 

The chemistry of the three-carbon system, L. G. Jupp ... 8 0 0 

(а) Reaction with ammonia of various unsaturated cyano esters 

(б) Methylation and ethylation products of various unsaturated 

cyano amides. (Hiss) W. Kilroy ... ... ... 5 0 0 

Lactone formation from the aaf- /J/T-dibromo adipic acids. C. D. 

Langford ... ... ... ... — ... 6 0 0 

Properties of conjugated compounds. B. D. Laroia 6 0 0 

Substituted diphenyl compounds, R. J. W. Le Fkvre ... 5 0 0 
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£ 8. d . 

Condition of formation and stability of carbon rings. J. J. 

Lennon ... 8 0 0 

Action of nitric acid on unsaturated hydrocarbons. (Miss) P. V. 

McKie M 0 0 

Synthesis of (a) Degradation product of brucine, and (b) Harm- 

aline and some of its derivatives. R. H. F. Manske ... 10 0 0 

The effect of bulky groups on the mobility of the 3-carbon system. 

C.J.May ... ... ... - 5 0 0 

Researches on thallium compounds (contd.). R. C. Menzies ... 8 0 0 

Three carbon tautomerism. B. T. Narayanan ... 6 0 0 

Kinetics of the induction period of the hydrogen-chlorine reaction 

with ultra-violet light. R. G. W. Norrish ... 10 0 0 

Action of ozone on dry iodine. H. W. Palmer ... ... ... 5 0 0 

Nitration of substituted phthalides. J. N. R&y 7 0 0 

Reactions between 1 : 3-diketones and amino and araido bodies, 

E. Roberts ... 6 0 0 

Investigation of certain sesquiterpenes. J. M. Robertson ... 5 0 0 

Properties of unsaturated cyclic ketones. J, Ross 5 0 0 

The direct introduction of substituents into a mono-substituted 

diphenyl. H. A. Scarborough ... ... 6 0 0 

Preparation and properties of various types of halogenated 

naphthalene derivatives. J. B. Shoesmith ... ... ... 10 0 0 

Researches on sulphuryl chloride and chlorination. O. Silberrad 6 0 0 

Influence of substituents on the stability of certain spiro and 

associated ring systems. S. S. G. Sircar ... ... ... 6 0 0 

The basic salts, salts of mixed acids, and complex salts of metals 

of the 3rd and 8th periodic groups. J. D. Main Smith ... 13 0 0 

Nitration studies of tertiary aromatic amines. J. M. Smith ... 5 0 0 

Condensation reactions with certain /Mialogenated acids. M. G. 

Thomson ... 5 0 0 

Introduction of the methylene-dioxy group and of similar groups 

into the aromatic nucleus. V. M, Trikojus 8 0 0 

Conversion of substituted aromatic amines into quinolines. E. E. 

Turner 5 0 0 

Effect of polar substituents on the Walden inversion among 

benzene derivatives. E. E. Turner ... 6 0 0 

The chemistry of molybdenum. W. Wardlaw 5 0 0 

Reaction of halogens with aliphatic acids, anhydrides, and 

allied substances, H. B. Watson ... ... 5 0 0 

(a) Spatial structure of cycfoparaffns ... 

(b) Constitution of the mono-chloro- and mono-bromo-methyl 

succinic acids. W. A. Wightman ... 5 00 

(а) The migratory aptitudes of methoxy-phenyl groups 

(б) Experiments upon phthalophenone derivatives, etc. E. W. 

Wignall ... ... ... « ... 10 0 0 

Structural mobility in dihydromuconic systems. R. F. Wright . 5 0 0 


Total 


... £388 0 0 
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List of papers, or abstracts thereof, received between November 
20th and December 17th, 1925. (This list does not include titles 
of papers which have been read at an Ordinary Scientific Meeting, 
or which have appeared in the Journal.) 

*' 4 The mechanism of the formation of o- and m-hydroxybenzalde- 
hydes from the nitration product of benzaldehyde.” By 
H. H. Hodgson and H. G. Beard. 

“ The constitution of the normal monosaccharides. Part III. 

Rhamnose. 33 By E. L. Hirst and A. K. Macbeth. 

“ Resolution of JZ-dicentrine. 53 By R. D. Hawobth, W. H. 
Perkin, and J. Rankin. 

“ Synthetical experiments in the isoquinoline group. Part VI. 
A synthesis of derivatives of paraberine.” By R. Campbell, 
R. D. Hawobth, and W. H. Pebkin. 
cc The action of alkaline arsenites on some halogenated organic 
compounds.” By I. E. Balaban. 

“ The equivalent conductivity of solutions of sodium hydroxide 
and the mobility of the hydroxyl ion.” By H. R. Raikes, 
A. F. Yorke, and F. K. Ewart. 

■“ An investigation of the zirconium in Colorado pitchblende.” By 
0. Free. b a 

{C Some products from the resins of XanthoTT hcect, Hastilis , X* 
Arborea, and X. Beflexa” By H.H. Finlayson. 

“ The nitration of (3 -naphthoic acid and some new amino- and nitro- 
naphthoic acids. 33 By H. A. Harrison and F. A. Roylb. 
“Preparation of jp-bromophenylhydroxylamine by the emulsific- 
ation process. A modification.” By R- D. Hawobth and 
A. Lapworth. 

“ Optical activity and the polarity of substituent groups. Part III. 
Menthylaoetophenone-o-carboxylate.” By H. G. Rule and 
J. Smith. 

“ The crystal structure of catechol.” By W. A. Caspari. 

“The chlorination and bromination of 4 - aminodiphenyl . 3 By 
H. A. Scarborough and W. A. Waters. 

“Studies of dynamic isomerism. Part XXI. The velocity of 
mutarotation of glucose and of tetramethylglucose in aqueous 
alcohols.” By E. M. Richards and T. M. Lowry. 

“ Studies of dynamic isomerism. Part XXII. The velocity of 
mutarotation of glucose and of tetra-acetylglucose in aqueous 
acetone.” By G. G. Jones and T. M. Lowry. 
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“ Some unsymmetrically substituted dinitro and diamino deriv- 
atives in the stilbene and tolane series. Part I. The' fission 
of hydrogen chloride from 3 : 4 , -dinitrostilbene dichloride.” 
By H. A. Harrison and H. Wood. 

“ The mercuration of aromatic substances. Part II. Ortho- 
nitrotoluene.” By S. Coffey. 

“ V- Alkylated amidines.” By M. Sen and J. N. Bay. 

“ The equilibrium between ethyl alcohol and the alkali and alkaline 
earth salts. Part I.” By D. G. B. Bonnell and W. J. 
Jones. 

“ The dissociation pressures of alcoholates. Part I.” By D. G. B, 
Bonnell and W. J. Jones. 

“Ethyl hydrogen sulphate. Part II.” By M. A. Hamid, K. 
Singh, and H. B. Ddnnicltff. 

“ Heterogeneous equilibria between the sulphates and nitrates of 
sodium and potassium and their aqueous solutions. Part I. 
The ternary systems.” By M. A. Hamid. 

“ Heterogeneous equilibria between the sulphates and nitrates of 
sodium and potassium and their aqueous solutions. Part II. 
The quaternary system H 2 0 ~Na 2 S 0 4 -NaN 03 -K 2 S 0 4 ~KN 0 3 . ’ 5 
By M. A. Hamid. 

“ A new reaction of certain diazosulphonates derived from p-naph- 
thol-l-sulphonic acid. Part I. The preparation of phthal- 
azine, phthalazone, and phthalimidine derivatives from 4'-nitro- 
benzene-2-naphthol-l-diazosulphonate.” By F. M. Eowe, 
E. Levin, A. C. Burns, J. S. H. Davies, and W. Tbpper. 

“ Substituted dihydropentazines — a new series of cyclic nitrogen 
compounds.” By F. D. Chattaway and G. D. Par&bs* 

“ Dvi-manganese.” By J. G. F. Druce and F. H. Loring. 

“ Preparation, hydrolysis, and reduction of the fluoro-, chloro-, and 
bromo-benzyl bromides.” By J. B. Shoesmith and B. H. 
Slater. 

e< Absorption spectra of condensed nuclear hydrocarbons.” By 
N. S. Carper and J. 3L Marsh. 

“ The melting points of the normal saturated dibasic acids.” By 
D. A, Fairweather. 

“ Tautomerism in the thyroxin molecule.” By C. S. Hicks. 

“ The structure of the normal monosaccharides. Part IV. 
Glucose.” By E. L. Hirst. 

“ An investigation of the hydrated fluoride of zirconium and the 
preparation of a hydrofluozirconic acid.” By E. B. B. Pridbaux 
and E. C. Borer. * 

J43 : 2 : 5-Dimethoxyphenylhydrazine.” By W. H. Perkin 

§ 31 ^^ 
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u Condensations involving active methyl groups in heterocyclic 
bases/’ By J. E. Humphries. 

“ The system ferrous oxide-phosphoric acid-water and some of 
its oxidation products.” By S. R. Carter and N. H. Harts- 

HORNE. 

“ Absorption spectra and tautomerism. Part I. Keto-enol tauto- 
merism.” By R. A. Morton and W. C. V. Rosney. 

“ Absorption spectra and tautomerism. Part II.” By R. A. 
Morton and E. Rogers. 

u Absorption spectra of mesityl oxide.” By R. A. Morton. 

<c The decomposition of substituted carbamyl chlorides by hydroxy- 
compounds. Part II. The influence of the constitution of 
the hydroxy-compound.” By T. W. Price. 

“ Substitution in vicinal trisubstituted benzene derivatives. Part 
IV.” By L. Rtjbenstein. 

“ The complex salts of [3 [3' S' ' - triaminotriethylamine with nickel 
and palladium.” By F. G. Mann and W. J. Pope. 

“ yy , 7"-Triaminotripropylamine and its complex compounds with 
nickel.” By F. G. Mann and W. J. Pope. 

“ Preparation and reduction of methyleneanthrone.” By E. de B. 
Barnett and M. A. Matthews. 


ADDITIONS TO THE LIBRARY. 

I. Donations, 

Abderhalden, Emil. [Editor.] Handbuch der biologischen 
Arbeitsmethoden. Abt. XI, Methoden zur Erforschung der 
Leistungen des Pflanzenorganismus . Teil 3, Heft iii. Berlin 1925. 
pp. 465—612. ill. M, 6. (Meed, 16/11/25.) 

From the Publishers : Herren Urban & Schwarzenburg. 

Boyle, Robert. Paradoxa hydrostatica novis experiments 
(maximam partem physicis ac facilibus) evicta. Oxonii 1669. 
pp. [Hi] + 210 + [iv]. (J Reference.) From Dr. 0. Silberrad. 

- Job, P. Les methodes physiques appliquees a la chimie. Paris 
1026. pp. vi + 252. ill. 30 /r. net. (Seed. 11/12/25.) 

From the Publishers : MM. Gaston Doin et Cie. 

JOURNAL OP THE CHEMICAL INDUSTRY. Vol. I, etc. MOSCOW 
1924 +. [In Russian.] (For circulation.) From the Publishers. 
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Labarre, F. Manuel du chimiste de laiterie : analyse du lait 
et de ses sous-produits. Paris [1925]. pp. 168. 20 fr. {Reed. 
24/11/25.) From the Publishers : MM. Gauthier Villars et Cie. 

Partington, Jakes Riddick. The alkali industry. 2nd edition. 
London 1925. pp. xii + 844. ill. 12a. Qd. net. (Reed. 10/12/25.) 

From the Author. 

Society of Leather Trades’ Chemists. Journal. Vol. VTII, 
etc., Leeds 1924 +. ( For circulation.) From Dr. M. Nierenstein. 

Tinkler, Charles Kenneth, and Masters, Helen. Applied 
chemistry : a practical handbook for students of household science 
and public health. Vol. II. Foods. London 1925. pp. xii + 
276. ill. 15a.net. (Reed. 19/11/25.) From the Authors. 


II. By purchase. 

Amos, Percy A. Processes of flour manufacture. New edition. 
Revised by James Grant. London 1925. pp. xii + 312. ill. 
9s. net. (Reed. 10/12/25.) 

Bancroft, Joseph. The respiratory function of the blood. 
Part I. Cambridge 1925. pp. xii + 208. ill. 12s. 6d. net. 
(Reed. 10/12/25.) 

Beneath, Alfred. Physikalische Chemie. 2 vote. Dresden 
1925. pp. viii + 107, x + 192. M. 11.50. (Reed. 6/11/26.) 

Blake, Ernest G. Enemies of timber : dry rot and the death- 
watch beetle . . . and the methods to be adopted for their 
extermination. London [1925]. pp. xviii + 206. ill. 12a. Qd. 
net. (Reed. 10/12/25.) 

Botjroart, E. Insecticides, fungicides, and weed killers. 2nd 
English edition, revised and enlarged by Thomas R. Burton. 
London 1925. pp. xii+ 431. ill. 15a. net. (Reed. 10/12/25.) 

Cox, Henry Edward, The ohemical analysis of foods : a 
practical treatise on the examination of foodstuffs and the deteotion 
of adulterants. London 1926. pp, viii + 324. ill. 18a. net. 
(Reed. 10/12/25.) 

Hatsohek, Emil. An introduction to the physics and chemistry 
of colloids. 5th edition. London 1925. pp. xiv + 184. ill, 
7s.6d.net. (Reed. 10/12/25.) 

— Laboratory manual of elementary colloid chemistry. 2nd 
edition. London 1925. pp. 154. ill. 7s. 6 d. net. (Reed. 
10/12/25.) 

Heaton, NoSl. Volatile solvents and thinners used in the 
paint and varnish industries. London 1925. pp. 158. 15 a. net. 
; ^eed. l0/12/25.) . ■ 
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Huhst, George H. Lubricating oils, fats and greases : their 
origin, preparation, properties, uses and analysis, 4th edition, 
revised and enlarged by Herbert Birtwhistle Stocks. London 
1925. pp. xii + 410. ill. 12s. 6d. net. (Reed. 14/12/25.) 

Jeans, James Hofwood. The dynamical theory of gases. 4th 
edition. Cambridge 1925. pp. viii + 444. 30s. net. (Reed. 

10/12/25.) 

Kurschner, Karl. Zur Chemie der Ligninkorper. (Sammlung 
Vol. XXVIII.) Stuttgart 1925. 

McClendon, J. F., and Medes, Grace. Physical chemistry in 
biology and medicine. Philadelphia 1925. pp. 426. ill. 21s. net. 
(Reed. 10/12/25.) 

Mathews, Albert Prescott. Physiological chemistry. 4th 
edition. [New York] 1925. pp. xviii + 1234. ill. 30s. net. 
(Reed. 14/12/25.) 

Miles, Walter Mason. The chemistry of power plant. London 
1925. pp. 144. ill. 6s. net. (Reed. 14/12/25.) 

Montanistischen Hochschtjle in Loeben. Berg- und Hutten- 
mannisches Jahrbuch. Vol. 71, etc., Berlin 1923 +• (Reference.) 

PotrcHER, William Arthur. Perfumes, cosmetics and soaps, 
with especial reference to synthetics. 2nd edition. Vol. I. London 
1925. pp. x + 298. ill. 16s. net. (Reed. 10/12/25.) 

Siegbahn, Manne. The spectroscopy of X-rays. Translated 
with the author’s additions by George A. Lindsay. London 1925. 
pp. xii + 288. ill. 20s. net. (Reed. 14/12/25.) 

Stiles, Walter, Photosynthesis ; the assimilation of carbon 
by green plants. London 1925. pp. viii + 268. ill. 16s. net. 
(Reed. 14/12/25.) 

Trotman, Samuel Russell, and Trotman, Edward Russell. 
The bleaching, dyeing, and chemical technology of textile fibres. 
London 1925. pp. xii + 610. ill. 30s. net. (Reed. 10/12/25.) 

Ill, Pamphlets. 

Crompton, Holland. NebuHum % An address to the Bedford 
College Chemical Society, November 3rd, 1925. [London 1925.] 
pp. 15. 

Menscbutkin, Boris N. Salt producers. (Note on history of 
Russian chemical nomenclature.) 1925. pp. 8. [In Russian.] 

Two centuries of the Russian Academy of Science, 1925. 

pp, 16, ill. [In Russian.]^ 

Mines Department. Safety in Mines Research Board. Paper 
No. 11. Electrical exploders for shot-firing in coal mines. (A 
report of a sub-committee of the Explosives in Mines Research 
Committee.) London 1925. pp. 31, ill. 
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Mines Department. Paper No. 12. The support of underground 
workings in the coalfields of Scotland. (A report of the Support of 
Workings in Mines Committee.) London 1925. pp. 24. 

Paper No. 14. Coal dust explosions. The effect of 

release of pressure on their development. By H. P. Greenwald 
and Richard Vernon Wheeler. London 1925. pp. 12. ill. 

Paper No. 16. A new method of measuring pressures. 

By G. Allsop. London 1925. pp. 10. ill. 

Scientieio and Industrial Research, Department of. Food 
Investigation Board. Special Report No. 8. By the Engineering 
Committee of the Board. The measurement of humidity in closed 
spaces. London 1925. pp. vi -f 54. ill. 

Special Report No., 24. Experiments on the leakage 

of carbon dioxide gas from “unventilated” holds of ships. By 
A. J. Smith. London 1925. pp. iv + 25. ill. 

Fuel Research Board. Physical and chemical survey of the 

national coal resources, No. 5. The Lancashire coalfield. The 
Smith seam. London 1925. pp. vi -j- 32. ill. 

Sherwood, R. C. Protein survey of 1925 Minnesota wheat 
crop. State testing mill, Minneapolis. (Bulletin No. 45. State 
Department of Agriculture, Minnesota.) St, Paul, Minn. 1925 
pp. 15. ill. 

Stansheld, Edgar, 'Hollies, Robert T., and Campbell, William 
P. Analyses of Alberta Coal. (Report No. 14. Scientific and 
Industrial Research Council of Alberta.) Edmonton 1925. pp, 63, 



ADDITIONS TO THE LIBRARY OE THE CHEMICAL 
SOCIETY DURING THE YEAR 1924 

Abderhalden, Emil. See Eermentfors chong. 

Acta Phytoohimica. Yol. I, etc. Tokyo 1922-23 -f . ill. 
(Reference.) 

AoTtrALirfis de Chimihi Contbmforaine. Publiees ’ sons la 
direction de A. Haller. 2nd series. Paris 1924. pp. viii + 310. 
ill. 

Abby, Jules. Dangerous goods. 2nd edition. Anvers 1922. 
pp. xii + 320. (Reference.) 

Aeronautical Research Committee. Reports and memoranda. 
No. 906. The measurement of viscosity by means of capillary 
tubes. By Guy Barr. London 1924. pp. 23. ill. 

Ainsworth-Davis, James Richard. Crops and fruits. Re- 
sources of the Empire Series. Vol. I, part i. London 1924. 
pp. 144. 

Meat, fish, and dairy produce. Resources of the Empire 

Series. Vol. I, part ii. London 1924. pp. 104. 

Aitken, John. Collected scientific papers. Edited for the 
Royal Society of Edinburgh (with introductory memoir), by 
Cargill Gilston Knott. Cambridge 1923. pp. xxii -f 692. ill. 

Alexandre, Pauline. See Martinet, Joseph. 

Allen, Alfred Henry. Commercial organic analysis, 6th 
edition. Edited by Samuel S. Sadtlbr, Elbert C. Lathrop, and 
Qhablbs Ainsworth Mitchell. Vol. I, etc. London 1924 +. 
0eferenee.) 

Allmand, Arthur John. The principles of applied electro- 
chemistry. 2nd edition, revised and enlarged by the author and 
Harry Johann Thomas Ellingham. London 1924. pp. xii + 
728. ill. . , 

Alsbbrg, Carl Lucas. See Rash, O. S. 

American Ceramic Society. Bulletin : a monthly publication 
devoted to Proceedings of the Society, discussions of plant problems, 
discussio ns of technical and scientific questions and promotion of 
cooperative research. Vol. I, etc. Easton, Pa., 1922 -f> 
(Reference.) ' 

— — Ceramic Abstracts. Vol. I, etc. Easton, Pa., 1922 +. 
(Reference.) 
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Andrew, George William. [Editor.] Fuel. Resources of 
the Empire Series. Vol. XV. London 1924. pp. 208. 

Andrttssov, Nikolai IvanoviS [and others]. Id karabougaz et 
son importance industriefle. 2nd edition. Petrograd 1922. pp. 
172. ill. [In Russian.] ' 

Annali di Chimica Applioata. Vol. VIII, etc. Roma 1924 +. 
(For circulation.) 

Archives des Sciences Biologiques. See Institut db 
Medicine ExpErimentale 1 Petrograd. 

Armstrong, Edward Fbankland, [Editor.] Chemistry in 
the twentieth century : an account of the achievement and the 
present state of knowledge in chemical science. Prepared under 
the guidance of a committee representing the scientific societies. 
London 1924. pp. 282. ill. 

Armstrong, Henry Edward. James Dewar, 1842 — 1923 : a 
Friday evening lecture to the Members of the Royal Institution, on 
January 18, 1924. London 1924. pp. 32. ill. 

Ashe, A. W., and Boobman, Harry George Trench. Chemicals. 
Resources of the Empire Series. Vol. VII. London 1924. 

pp. 208. 

Askew, H. 0. The solubility and hydrolysis of calcium carb- 
onate. (From the Trans. New Zealand Inst., 1923, 54.) 

Association des ElAvbs et Anoibns ElStvbs db l’Eoolb db 
Chuhe. Inauguration du busts de Philippe-A. Guye. 13 Mars 
1924. Geneve 1924. pp. 39. ill. 

Aston, Francis William. Isotopes. 2nd edition. London 
1924. pp. xii -f- 182. ill, 

Aubry, Albert. See Rotrx, Ulysse. 

Australia, Commonwealth of. Department of Defence, 
Munitions Supply Board. Technical reports 1921 — 1922, 
Melbourne 1922. pp. 34. ill. 

• The source and influence of impurities in 80 : 20 

onpro-niokel. By Clement Blazey. Melbourne 1922. pp. 56. 
iB. 

Aus tralian National Research Council. Australian Science 
Abstracts. Vol. I, etc. Sydney 1922 +. (Reference.) 

Australian Science Abstracts. See Australian National 
Research Council. 

Baly, Edward Charles Cyril. Spectroscopy. 3rd edition. 
Vol. I. London 1924. pp.xii + 298. ill. 

Bangkok, Siam. Ministry of Commerce. The Government 
Laboratory. 1st Report, etc. Bangkok 1923 +. 

: • .Barr, Guy. See Aeronautical Research Committee. ; ' 
g^^AR^IkoMAS Hbdley. See Myddlbton, William Whalley. 
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Bedford, Clayton W., and Winkelmann, Herbert A. 
Systematic survey of rubber chemistry : a bibliography, with 
copious abstracts, of the entire literature of rubber chemistry and 
closely allied subjects . . . together with a patent index, and 
introductory chapters summarizing the present status of rubber 
chemistry. New York 1923. pp. 386. (Reference.) 

Benecjke, Wilhelm, and Jost, Ludwig. Pfianzenphysiologie, 
4th edition of Jost’s “ Vorlesungen uber Pfianzenphysiologie.” 
2 vols. Jena 1924. pp. viii -f 441, viii -f 478. ill. 

Bergmann, Max. See Fischer, Emil. 

Berliner, Arnold, and Scheel, Karl. [Editors.] Physi- 
kalisches Handworterbuch. Berlin 1924. pp. vi + 904. ill. 
(Reference.) 

Bbrthoud, Alfred. The new theories of matter and the atom. 
Translated from the French by Eden [Paul] and Cedar Paul. 
London 1924. pp. 260. ill. 

Beyer, Oskar. Kontrolle und Herstellung von Saccharin. 
Part II. Handbuch der Saccharin-Fabrikation. Zurich 1923. 
pp. 144. ill. 

Bezeau, C. Mortimer. See Teesdale, Clyde H. 

Bireett, Matthew S, Ferrous metals. Resources of the 
Empire Series. Vol. VIII, part i. London 1924. pp. 166. 

Birmingham and Midland Institute Scientifio Society. 
Record 1872—1922 and Proceedings 1922— 1923. Vol. I. [Birm- 
ingham 1924.] pp. 38. ill. 

• Blazey, Clement. See Australia, Commonwealth of. De- 
partment of Defence. 

Blooh, Eugene. The kinetic theory of gases. Translated by 
Philip A. Smith. London 1924. pp. xvi + 178. ill. 

Blyth, Charles E., Martin, Geoffrey, and Tongue, Harold. 
Researches on the theory of fine grinding. Part I. (British Portland 
Cement Research Assoc. Pamphlet No. 4.) London 1924. pp. 62. ill. 

Board of Trade. Carbon monoxide in public gas supplies. 
Report on accidental deaths by poisoning from public gas supplies^ 
By William John Atkinson Butterfield. With correspondence 
arising thereon. London 1924. pp. 48. 

Bogus, Robert Herman. (Editor.) The theory and applic- 
ation of colloidal behaviour : contributed by the foremost authorities 
in each division of the subject. 2 vols. New York 1924. pp. xn 
+ 444 + xx, viii + 445 to 830 + xx. ill. 

Bohr, Niels. On the application of the quantum theory to 
atomic structure. Part I. The fundamental postulates of the 
quantum theory. (Translated from the Z, Physih, 1923, 13, by 
L. F. Curtiss.) 
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Boisbaudran, Patji. Smile (dit Francois) Leooq de, and 
Gramont, (Comte) Arnaud de. Analyse spectrale appliques aux 
recjherch.es de chimie minerals. 2 vols. Paris 1923. pp. liv + 
342, iv + six plates. 

Bolton, Edward [Richards, and Pelly, Russell George. 
Oils, fats, waxes, and resins. Resources of the Empire Series. 
Vol. [IX. London 1924. pp. 276. 

Boorman, Harry George Trench. See Ashe, A. W. 

Bornemann, E. Kohlensaure und Pflanzenwachstum, 2nd 
edition. Berlin 1923. pp. 138. ill. 

Bose, Chuni Lal. Scientific and other papers. Edited by 
Jyoti Procash Bose. Vol. I. Calcutta 1924. pp. xxvi -f* 523. 

m. 

Bose, Jyoti Procash. See Bose, Chuni Lal. 

Bragg, Sir William Henry, and Bragg, William Lawrence. 
X-Rays and crystal structure. 4th edition. London 1924. 
pp. xii -j- 322. ill. 

Bragg, William Lawrence. See Bragg, Sir William Henby, 

Brenchley, Winifred Elsie. Manuring of grass land for hay. 
London 1924. pp. viii + 146. ill. 

British Association foe the Advancement of Science. Fifth 
report on colloid chemistry and its general and industrial appli- 
cations. (With indfx to the five reports.) London 1923. pp. 
iv + 130. 

Brooks, Matilda Moldbnhauer. The penetration of arsenic 
into living cells. (From the Proc. Soc. Exper. Biol. Med., 1922, 20.) 

New quantitative observations on the penetration of aoids 

and alkali bicarbonates into living and dead cells. (From the Proc. 
Soc. Exper. Biol. Med., 1923, 20.) 

Studies on the permeability of living and dead cells. I and 

II. (From the U.S. Public Health Reports, 1923, 38.) 

Brose, Henry L. See Freundlich, Erwin. 

- — See Reiche, Fritz. 

Brunswig, H. Explosivstoffe auf Grand des in der Literatur 
veroffentliohten Materials. 2nd edition. Leipzig 1923. pp. xiv -f~ 
216. ill. 

Bruttini, Arturo. Uses of waste materials : the collection of. 
waste materials and their uses for human and animal food, in 
fertilisers, and in certain industries, 1914 — 1922. London 1923, 
pp. xx -f- 368. ill. 

Buckle, Philip. See Wardle, Robert A. 

Buokman, Harry 0. See Lyon, T. Lyttleton. 

Budgbn, Norman Frederick. Cadmium : its metallurgy, 
properties and uses. London 1924. pp. xvi + 240. ill. 
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Buletinul de Chimie PurI si ApucatX. See Sooietatea 
Roman! de Stunte. 

Burchartz, H. See Maeousson, Julie's. 

Burian, Otto, See Donate:, Eduabd. 

Butterfield, William John Atkinson. See Board or Trade. 
Ceramic Abstracts. See American Ceramic Society, 

ChAlid ibn JazId. See Ruska, Julius. 

“ Chemical Age ” Chemical Dictionary, The. Chemical terms. 
London. 1924. pp. 158. (Reference,) 

Chemib en Industrie : Bijblad ran het Chemisch Weekblad. 
Year I, etc. Amsterdam 1923 -f , (Reference.) 

China' Clay Trade Review : the official organ of the china clay 
industry. London 1923 +. [Supplement to The Chemical Age.] 
Clarke, Hans Thacher. See Organic Syntheses. 

Clowes, Frank, and Coleman, Joseph Bernard. Quantitative 
chemical analysis adapted for use in the laboratories of colleges, of 
technical institutes, and of analysts. 12th edition. London 1924. 
pp. xxiv 4- 676. ill. 

Coleman, Joseph Bernard. See Clowes, Frank. 

Congers International des Combustibles Liquides. Compte 
rendu, etc. Paris 1923. pp. 851. ill. (Reference.) 

CONGRESSO HaZIONALB Dl ChIMICA PtTRA ED APPLICATA. I. 

Atti. Roma 1923, pp. xxviii 4- 512. (Reference.) 

Cooper, Walter Johnson. See Martin, Geoperey. 

Cooper, William Ranson. See Wellington, Stephen New- 

C0MBE. . 

Coste, John Henry. See Parry, Ernest John. 

Cranston, John Arnold. The structure of matter. . London 
1924. pp. xvi + 196. ill. 

Crookes, Sir William. See Fournier d’Albb, Edmund 
Edward. 

Crosthwaite, P. M. See Soientipio and Industrial Research. 
Crowtheb, James Arnold. Ions, electrons, and ionizing 
radiations. 4th edition. London 1924, pp. xii 4- 328. ill. 
Gumming, Alexander Charles. See Lunge, George. 
Humming, William Murdoch, Hopper, Isaac Vance, and 
Wheeler, Thomas Sherlock. Systematic organic chemistry: 
modem methods of preparation and estimation. London 1923. 
pp. xxiv 4- 535. ill. 

Curtis, John William. Organisation of production, pp. 142. ilL 
Curtiss, L. F. See Bohr, Niels. 

Cushny, Arthur Robertson. A, text, book of pharmacplog|' 
and therapeutics : or the action of drugs in health and disease, 
8th edition, London 1924. pp. x, 17 — 708. ill. 



DalAn, G. See Marousson, Julius. 

Dalton, John. A new system of chemical philosophy. Part I. 
Manchester 1808. pp. viii + 220. ill. [To complete 2nd copy.] 
Dammer, Otto. [Editor.] Chemische Teohnologie der Neuzeit. 
2nd edition. Edited by Pranz Peters. Vol. I, eto. Stuttgart 
1924 +. ill. (Reference.) 

Davenport, S. J. See Mitchell, C. W. 

Davis, Arthur Charles. A hundred years of Portland cement : 
1824—1924. London 1924. pp. xxii + 282. ill. 

Dewar, James. See Armstrong, Henry Edward. 

Donate, Eduard, and Bubian, Otto. Die Koblemuboxyde. 
(Sammlung, Yol. XXVII.) Stuttgart 1924. 

DorAe, Charles. See National Association op Master 
Bakers. 

Drucker, Carl. See Ostwald, Wilhelm. 

Drysdale, C. V. [and others]. The mechanical properties of 
fluids: a collective work. London 1923. pp. xvi + 362. ill. 

Duly, S. J. Timber and timber products, including paper* 
making materials. Resources of the Empire Series. Yol. U. 
London 1924. pp. 228. 

Dumas, J. B. La vie de Jean Baptiste [Andr4] Dumas. 1800 — 
1884. 1924. pp. 230. ill. [In mimeograph form.] 

■ V Dumas, Jean Baptiste [AndrA]. See Dumas, J. B. 

Dunn, John Thomas. See Institute op Chemistry op Great 
Britain and Ireland. 

Dunstan, B. Industrial minerals : a review of occurrences, 
treatment, uses, values and production, with special reference to 
Queensland resources. Articles I to IX. Salt ; asbestos ; mica ; 
molybdenite; platinum; nickel; graphite; manganese; arsenio. 
Brisbane 1920—1921. (Queensland Geological Survey Publication 
No. 268). pp. 340. 

Dupont, Georges. See Vfizss, Maurice. 

Dustman, Saul. Production and measurement of high vacuum. 
Schenectady, N.Y. 1922. pip. xvi + 240. ill. 

Dyer, Helen A. See Voegtlin, Carl. 

Eastman Kodak Company. Abridged scientific publications 
from the Research Laboratory. Yol. VI-VII, 1922-23. Rochester, 
N.Y,, 1923-24. pp. 238 + viii, 140+ vi. ill. (Reference.) 

Edel-Erden und -Erze. Zeitschrift fiir das Gesamtgebiet der 
seltenen Erden und Erze, fiir die Industrie ihrer Gewinnung, 
Verarbeitung, und Verwertung. Years I-IV, pt. ix. Mfinohen 
1919 — 1923. (Reference.) 

Ellingham, Harry Johann Thomas. See Allmand, Arthur 
John. 
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Emxoh, Friedrich. Mikrochemiscb.es Praktikum : eine Anlei- 
tung zur Ausfiihrung der wichtigsten mikrochemischen Handgriffe, 
Reaktionen und Bestimmungen mit Ausnahme der quantitativen 
organisohen Mikroanalyse. Munchen 1924. pp. xiv -f- 174.- ill. 

Esselen, Gustavus J. ■ See Heuser, Emil. 

Evans, Uliok Richardson. The corrosion of metals. London 
1924. pp. xii -j- 212. ill. 

Ewald, P, P. Kristalle und Rontgenstrahlen. Berlin 1923. 
pp. x + 328. ill. 

Faraday Society. The electronic theory of valency : a general 
discussion. London [1923]. pp. [iv + 96]. ill. 

Felbeok, George T. See Goodenough, G. A. 

Fermentforschtjng. Edited by Emil Abderhalden. Vol. 
VH, etc. Leipzig 1923-24 -f. ill. (Reference.) 

Fetjxgen, R. Chemie und Physiologie der Kukleinstoffe nebst 
Einfiikrung in die Chemie der Purinkorper. Mit einem Sonder- 
kapitel “ Die Pathologie des Purinstoffwechsels ” von Frieda 
Fhulgen-Brauns. (Biochemie in Einzeldarstellungen. V.) Berlin 
1923. pp. xii + 432. ill. 

Feulgen-Bratjns, Frieda. See Feulgen, R. 

Feppin, Elmer 0. See Lyon, T. Lyttlbton. 

Fischer, Emil. XJntersuchungen aus verschiedenen Gebieten. 
Vortrage und Abhandlungen allgemeinen Inhalts. Edited by Max 
Bergmans. Berlin 1924. pp. x + 914. 

Untersuchungen Tiber Triphenylmethanfarbstoffe, Hydrazine 

und Indole. Edited by Max Bergmann. Berlin 1924. pp.x + 
880. 

Fischer, Franz. Chemie der Kohle. Vol. II. Die Umwand- 
lung der Kohle in Ole. Berlin 1924. pp. viii + 368. ill. 

Fischer, Martin Henry, with the collaboration of George 
D. McLaughlin and Marian 0. Hooker. Soaps and proteins: 
their colloid chemistry in theory and practice. New York 1921. 
pp. x + 272. ill. 

Fothergill, James Best. See Kneoht, Edmund. 

Fournier d’Albe, Edmund Edward. The life of Sir William 
Crookes. London 1923. pp. xx -f- 414. ill. 

Fowler, Gilbert John. See Indian Institute of Science. 

Frazer, R. A. See Pannbll, John Robert. 

Frbeth, Francis Arthur. Temaire en quatemaire evenwiohten 
in het stelsel: NaClO^CNH^SOi-NH^O^Na^SOi-HaO bij 60° 
en 26” C. Leiden 1924. pp. xii + 63. ill. [In English.] 

Frbundlioh, Erwin. Thie theory of relativity : three lectures 
for chemists. Translated by Henry L. Brose. London 1924. 
pp. xii + 98. ill. 
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Fbeundlich, Herbert. Kapillarohemie. 3rd edition. Leip 
zig 1923. pp. xvi+ 1226. ill. 

Reused, John Newton. [Editor.] A text-book of inorganic 
chemistry. Vol. II. The alkali-metals and their congeners. By 
Andrew Jameson Walker. London 1924. pp. xxvi -f- 380. 
ill. (Reference,) 

Vol. VH. Part i. Oxygen. By John Newtoe 

Friend and Douglas Frank Twiss, London 1924. pp. xxvi -f 
370. ill. ( Reference .) 

Fey, Harry Shipley. The electronic conception of valence and 
the constitution of benzene. London 1921. pp. xviii + 300. ill. 

Fyleman, Ernest. See Peegl, Fritz. 

Gadamer, Johannes. Lehrbuch der chemischen Toxikologie 
und Anleitung zur Ausmittelung der Gifte. 2nd edition. 
Gottingen 1924. pp. x -j- 714. ill. 

Gardens, William. Chemical synonyms and trade nameB : a 
dictionary and commercial handbook. Londonl924. pp. vi-f-271. 
(Reference.) 

Gavbon, Joseph L. See Raiziss, Geoege W. 

Geoegievics, Geoeg. Lehrbuch der chemischen Technologie 
der Gespinstfasem. [II.] Gespinstf asern, Wasoherei, Bleioherei, 
F&rberei, Druckerei und Appretur. 4th edition, edited by Georg 
Gbqbgievios and Gustav Uleioh. Leipzig 1924. pp. viii + 416, 
ill. 

Gibbs, William E. Clouds and smokes: the properties of 
disperse systems in gases and their practical applications. London 
1924. pp. xiv + 240. ill. 

Goodenough, G. A., and Felbeok, George T, An investig- 
ation of the maximum temperatures and pressures attainable in 
the combustion of gaseous and liquid fuels. ( Univ , Illinois Engineer* 
ing Exper. Station, Bulletin No. 139.) Urbana 1924. pp. 160. ill, 

Gbamont, (Comte) Arnaud de. See Boisbaudran, Paul 
Emile (dit Francois) Leooq de. 

Griejtth, Robert Owen. See Lewis, William Cudmore 
MoCullagh. 

Gehtoths, Ezee. See Scientific and Industrial Research. 
Food Investigation Board. 

Geoggins, P. H. Aniline and its derivatives. London 1924. 
pp. viii + 256. ill. 

Gbubb, Geoeg. Grundzuge der angewandten Elektrochemie. 
Vol. I. Dresden 1922. pp. xii + 268. ill. 

. — — See MOller, Eeioh. 

Guye, Phhipre-A. -See Association des ElIves et Anoiens 
El2ves de l’Ecolb de Chimie. 
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Haber, Fritz. Fiinf Vortrage aus den Jahren 1920 — 1923. 
Berlin 1924. pp. vi + 92. 

Hali, Archibald John. Cotton cellulose : its chemistry and 
technology. London 1924. pp. 228. ill. 

Hall, John W. See Harbord, Frank William. 

Haller, A. See Actualities de Chime Contemporaine. 

Halse, Edward. Cobalt ores. (Imperial Institute Monograph 
on Mineral Resources.) London 1924. pp. x + 54. ill. 

Hancock, George Charles. Report on the composition of 
commoner British wines and cordials (alcoholic and non-alcoholic). 
Together with [a] report by the Government Chemist [Sir James 
Johnston Dobbie] on the examination of samples. (Ministry 
of Health Reports on Public Health and Medical Subjects, No. 24.) 
London 1924. pp. iv + 58. 

Handbuoh der Salvarsantherapie. Mit Einschluss der 
experimentellen, biologisehen und chemischen Grundlagen. Edited 
by W. Kolle and K. Zieler. Vol. I. Berlin 1924. pp. xiv + 
750. ill. 

Harbord, Frank William, and Hall, John W. The metallurgy 
of steel. 7th edition. 2 vols. London 1923. pp. xii + [560], 
xvi + 554. ill. 

Harvey, Arthur. Tanning materials : with notes on tanning 
extract manufacture. London 1921. pp. viii + 182. ill. 

Harvey, Leonard Charles. Pulverised fuel, colloidal fuel, 
fuel economy, and smokeless combustion. London 1924. pp. 
xxvi + 466. ill. 

— — See Scientific and Industrial Research. Fuel Research 
Board. 

Hatfield, H. S. See Reiohe, Fritz. 

Hausbrand, Eugen. Drying by means of air and steam : 
explanations, formulae and tables for use in practice. 3rd English 
edition. Translated from the German by A. 0. Weight. London 
1924. pp. viii + 78. ill. 

Hayward, Harrison W. See Mills, Adelbert P. 

Hendrick, James. Drainage investigations at Aberdeen. 
(From the Scottish J. Agric., 1924, 7.) 

Henry, Thomas Anderson. The plant alkaloids. 2nd edition. 
London 1924. pp. viii + 456. ill. ■ 

Hepworth, Harry. Chemical synthesis: studies in the investiga- 
tion of natural organic products. London 1924. pp. xx + 244. ill. 

Hepworth, T. Cradook. See Mitchell, Charles Ainsworth. 

Hbusbr, Emil. Textbook of cellulose chemistry. Translated 
from the 2nd German edition by Clarence Jay West and 
Gustavus J. Esselen, Jr. New York 1924. pp. xii + 212. 
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Hild ebrand , Joel Henry. Solubility. New York 1924. 
pp. 208. ill. 

Hitchcock, Frank Lauren, and Robinson, Clark Shove. 
Differential equations in applied chemistry. New York 1923. 
pp. vi + 110. ill. 

Hogben, Lancelot T. The pigmentary effector system: a 
review of the physiology of colour response. Edinburgh 1924. 
pp. xii 4- 152. ill. 

Hollins, Cecil. The synthesis of nitrogen ring compounds 
containing a single hetero-atom [nitrogen]. London 1924. pp. 
423. ill. 

Holmes, Harry N. Bibliography of colloid chemistry. 
Preliminary edition. Washington 1923. pp. iii + 135. (Reference.) 

Holst, Hedge. See Kramers, H. A. 

Hooker, Marian 0. See Fischer, Martin Henry. 

Hopkins, B. Smith. Chemistry of the rarer elements. Boston 
1923. pp. viii -f- 376. ill. 

Hopper, Isaac Vance. See Cumming, William Murdoch. 

Hunwicke, Roderick Francis. See Scientific and In- 
dustrial Research. Food Investigation Board. 

Imperial Institute. Vanadium ores. (Imperial Institute 
Monograph on Mineral Resources.) London 1924. pp. x + 72. 

Imperial Mineral Resources Bureau. The Mineral Industry 
of the British Empire and Foreign Countries. War Period. Petro- 
leum and allied products. (1913-1919.) London 1924. pp. 296. 

— — Statistics, 1919—1921. 52 parts. London 1923—1924. 

— — Statistical summary. (Production, imports and ex- 
ports) 1920 — 1922. London 1924. pp. 290. 

- — Minerals of the Empire. British Empire Exhibition, 
Wembley 1924. London 1924. pp. 314. ill. 

— Report of the Governors on a proposed uniform method of 
recording mining and metallurgical statistics. London 1924. pp. 92. 

Indian Institute op Science. Some studies in biochemistry. 
By some students of Dr. Gilbert John Fowler. Bangalore 1924. 
pp. iv + 198. ill. 

Institut de Medicine ExpIibimentale 1 Petrograd. Archives 
des Sciences Biologiques. Vol. XXI, etc. Petrograd 1918 -f 
(Reference.) [In Russian, summaries in French.] 

Institute op Brewing. Collective index of the Journal of the 
Institute of Brewing, 1911 to 1923. London 1924. pp. iv -|- 330. 
(Reference.) 

Institute op Chemistry op Great Britain and Ireland, 
The progress of chemistry in public affairs. By John Thomas 
Dunn. London 1924. pp. 23. 
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Institute of Physios, with the co-operation of the National 
Physical Lae oratory . Journal of Scientific Instruments. 
Preliminary number, May 1922. Vol. I, etc. London, 1923 +. 
{Reference.) 

Institution of Chemical Engineers. Transactions. Vol. I. 

1923. London [1924]. pp. xvi +120. ill. {Reference.) 
Institution of Engineers, Australia. The power resources 

of the Commonwealth of Australia and the Mandated Territory 
of New Guinea. Report to the World Power Conference, London, 

1924. Sydney 1924. pp. xii + 132. ill. 

Institution of Mechanical Engineers. Proceedings. 1924, 
etc. London 1924 +. {Reference.) 

Institution of Petroleum Technologists. Standard methods 
of testing petroleum and its products. London 1924. pp. x -f 
102. ill. 

Irwin, Marian, and Weinstein, Margaret. Comparative 
studies on respiration. XXI. Acid formation and decreased 
production of C0 2 due to ethyl alcohol. (From the Amer. J. Bot., 
1922,9.) 

Jeans, James Hopwood. See Physical Society of London. 
Jenkin, Charles Erewen. See Scientific and Industrial 
Research. Food Investigation Board. 

Jennison, Francis Herbert. The manufacture of lake pig- 
ments from artificial colours. 2nd edition. London 1920. pp. viii 
+ 172. ill. 

JOrgensen, Ingvar, and Stiles, Walter. Carbon assimil- 
ation : a review of recent work on the pigments of the green leaf 
and the processes connected with them. {New Phytologist reprint 
No. 10.) London 1917. pp. viii + 180. ill. 

Joint Committee for the Standardisation of Scientific 
Glassware. Report No. 1. Units of volume, pp. 6. 

; Jones, G. W. See Sayers, R. R. 

Jost, Ludwig. See Bbneoke, Wilhelm. 

Journal of Mathematics and Physios. See Massachusetts 
Institute of Technology. 

Journal of Metabolic Research. Vol. II, etc. Morristown, 
N.J. 1922 -f. {Reference.) 

Journal of Scientific Instruments. See Institute of Physios. 
Keane, Charles Alexander. £ee Lunge, George. 

Kino, Jambs Grieve. See Scientific and Industrial Re- 
search. Fuel Research Board. 

Kingzhtt, Charles Thomas. Chemical encyclopaedia : a digest 
of chemistry and chemical industry. 3rd edition. London 1924, 
pp. x + 606. {Reference.) 
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Kirkland, John. See National Association op Master 
Bakers, Confectioners & Caterers. 

Kmo, Benedict Trembath. Tested methods of mineral 
analysis. London 1924. pp. 128. ill. 

Knecht, Edmund, and Fothergill, James Best. The prin- 
ciples .and practice of textile printing. 2nd edition. London 
1924. pp. xr 732. ill. 

Kntbbs, Sir George Handley. Science and its service to man : 
Presidential address to the Australasian Association for the Advance- 
ment of Science, 1923. Wellington 1923. pp. 46. 

Knibbs, Norman Victor Sydney. Lime and magnesia : the 
chemistry, manufacture and uses of the oxides, hydroxides and 
carbonates of calcium and magnesium. London 1924. pp. 306. 
ill. 

Knott, Cargill Gilston. See Aitken, John. 

Konig, Josef. Die Untersuchung landwirtschaftlich und land- 
wirtschafthch-gewerblieh wichtiger Stoffe. 6th edition. Vol. I. 
Berlin 1923. pp. xvi -f- 950. ill. 

Kollb, W. See Handbtjch der S alvars antherapie. 

Konen, Heinrich [Mathias]. See Kaysbr, Heinrich [Gustav 
Johannes]. . 

Kramers, H. A., and Holst, Helge. The atom and the Bohr 
theory of its structure : an elementary presentation. [Translated 
from the Danish by R. B. Lindsay and Rachel T. Lindsay.] 
London 1923. pp. xiv -f 210. ill. 

Krause, Hugo. Das Aluminium und seine Legierungen, 2nd 
edition. 2 vols. Wien 1923. pp. viii + 236, viii + 228. ill. 

Kruger, Paul. Untersuehungsmethoden fur die Textil- 
Industrie. Vol. I. Berlin 1923. pp. vi -J- 172. ill. 

Kuhn, A. See Ostwald, Wolfgang. 

Kuhn, Richard. See Oppenheimer, Carl. 

Laar, Johannes Jacobus van. Die Zustandsgleiohung von 
Gasen und Flfissigkeiten. Leipzig 1924. pp. x -f 368. ill. 

Lander, Cecil Howard, and McKay, Robert Perrier. Low 
temperature carbonisation. London 1924. pp.278. ill. 

Lange, Otto. Chemisch-technisohe Vorschriften : ein Hand- 
buch der speziellen chemisehen Technologie insbesondere fiir 
chemische Fabriken und verwandte teohnische Betriebe enthaltend 
Vorschriften aus alien Gebieten der ohemisohen Technologie mit 
umfassenden Literaturnachweisen. 3rd edition. 4 vols. Leipzig 
1923—1924. pp. xxxvi + 1012, xx + 806, xx -f- 796, xxii + 750. 

Lassar-Cohn. Arbeitsmethoden fiir organisch-chemische 
Laboratories 5th edition. 2 vols. Leipzig 1923. pp. xiv 4- 1144, 
x + 362. (Reference.) 
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Lathrop, Elbert 0. See Allen, Alfred Henry. 

Lb Compte, T. R. See Van Nostrand. 

Lehmann, Led wig. See Schultz, Gustav. 

Leonard, Clifford Shattttck. See Voegtlin, Carl. 
Lepesohkin, W. Kolloidchemie des Protoplasmas. Berlin 1924. 
pp. xii + 228. 

Lett, Christian. La viscosity des huiles minerales : (loi des 
melanges), (From the Mon. Petr ole Boumain, 1923.) 

Lewis, William Cddmore McClllaqh. A system of physical 
chemistry. 3rd edition. Vol. III. Quantum theory. With 
certain appendices by James Rice, A. M’Keown, and Robert 
Owen Griffith. London 1924. pp. x + 408. ill. 

Liesegang, Raphael Ed. Kolloide in der Technik. Dresden 

1923. pp. viii + 157. 

Chemische Reaktionen in Gallerten. 2nd edition. Dresden 

1924. pp. vi + 90. ill. 

Lindsay, R. B. See Kramers, H. A. 

Lindsay, Rachel T. See Kramers, H. A. 

Lister, John Edward. The screening and grading of materials. 
London 1924. pp. 144. ill. 

Lodge, Sir Oliver. Atoms and rays: an introduction to 
modem views on atomic structure and radiation. London 1924. 
pp. 208. ill, 

Long, Harold C. Plants poisonous to live stock. 2nd edition. 
Cambridge 1924. pp. viii + 120. ill. 

Luokiesh, M. Ultraviolet radiation : its properties, production, 
measurement, and applications. New York 1922. pp. xii -f- 258. ill. 

Lunge, George. The manufacture of acids and alkalis. Com- 
pletely revised and rewritten under the editorship of Alexander 
Charles Cumming. Vol. II. The manufacture of sulphuric acid. 
(Chamber-process.) By Wilfred Wyld. London 1924. pp, 
xii + 424. ill. ( Reference .) 

Vol. III. The concentration of sulphuric acid. By John 

Wilfrid Parses. London 1924. pp. xii + 394. ill. (Reference.) 

Lunge, George, and Keane, Charles Alexander. Technical 
methods of chemical analysis. 2nd edition. Edited by Char l e s 
Alexander Keane and Percy Cyril Lesley Thorne. Vol. L 
London 1924. pp. xx + 702. ill. (Reference.) 

Lyon, C. J. Comparative studies on respiration. XVIII. 
Respiration and antagonism in Elodea. (From the Artier. J. Bot., 
1921, 8.) 

Lyon, T, Lyttlbton, Fippin, Elmer 0„ and Buckman, Harry O i, 
Soils, their properties and management. New York [1915, reprinted^ 
1923]. pp. xxii -f 764. ill. 1 
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MacAustbe, D. A. Chemical reactions in bromoil. (From the 
Q.J. Camera Club, 1923, 1.) 

M’Intosh, John Geddes. Industrial alcohol : the production 
and use of aloohol for industrial purposes, for use as an ffluminant 
and as a source of motive power. 2nd edition. By Herbert 
Birtwhistle Stocks. London 1923. pp. xii + 400. ill. 

McKay, Robert Ferrier. See Lander Cecil Howard. 

M’Keown, A. See Lewis, William Cudmorb MoCullagh, 

Maclarbn, W. A. Rubber, tea, and cacao : with special sections 
on coffee, spices, and tobacco. Resources of the Empire Series, 
Yol. V, London 1924. pp. 334. 

McLaughlin, George D. See Fischer, Martin Henry, 

Marotisson, Julius, assisted by H. Burohartz and G. Dal&n. 
Die naturhchen und kiinstlichen Asphalte, Leipzig 1921. pp. 
x + 262. ill. 

Marilleb, Charles. Manuel du distiUateur. Paris 1923. 
pp. iv 4- 305. ill. 

Martin, Geoffrey. The modem soap and detergent industry, 
including glycerol manufacture : a complete practical treatise in 
three volumes. Vol. I. London 1924. pp. xii-f*[370]. ill. 

See Blyth, Charles E. 

Martin, Geoffrey, and Cooper, Walter Johnson, The 
exothermic reaction of Portland cement clinker formation. (British 
Portland Cement Research Assoc. Pamphlet No. 3.) London 1923. 
pp. 63. ill. 

Martindale, William Harrison, and Westoott, William 
Wynn. The extra pharmacopoeia. 18th edition. Vol. I. London 
1924. pp. xxxviii + 1164. {Reference.) , 

Martinet, Joseph. Couleur et constitution chimique. Redig4 
avee la collaboration de Pauline Alexandre. Paris 1924, pp. 
328. 

Massachusetts Institute of Technology. Journal of 
Mathematics and Physics. Vol. I, eto. Massachusetts 1921 — 22. 

; ( Reference .) ■- 

Mathbsius, Walther. Die physikalischen und ohemisehefi 
Grundlagen des Eisenhfittenwesens. (Chem. Tech, in Einzel- 
darstellungen.) 2nd edition. Leipzig 1924.. pp. xvili -f 483. 
ilL . 

Mathews, Joseph Howard. [Editor.] Colloid symposium 
monograph : papers and discussions presented at the First National 
Symposium on Colloid Chemistry. University of Wisconsin, June, 

1923. Madison 1923. pp. 420. ill. 

Matthews, J. Merritt. The textile fibers : their physical, 
microscopical and chemical properties, 4th edition. New York 

1924. pp. xviii + 1054. ill. 
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Mayrhoeer, Adole. Mikrocliemie der Arzneimittel nnd Gifte: 
die offizinellen anorganischen und organisohen S&uren and ihre 
Sake. Berlin 1923. pp. xxii + 286. ill. 

Medical Research Council. . Report on the present state of 
knowledge of accessory food factors (vitamins). 2nd edition. 
London 1924. pp. iv + 172. ill. 

[Medical Research Council. Alcohol Investigation Committee .] 
Alcohol : its action on the human organism. 2nd edition. [London 
1924.] pp. xx + 170. 

Mendel, Lafayette Benedict. Nutrition : the chemistry of 
life. New Haven 1923. pp. xii + 150. ill. 

Menschtttkin, Boris N. Carbohydrates: (the chemical com- 
pounds around us). Leningrad 1924. pp. 76. [In Russian.] 

Course of general (inorganic) chemistry. Moscow 1924. 

pp. 376. ill. [In Russian.] 

Merck, [Carl] Emanuel. Priifung der chemischen Reagenzien 
auf Reinheit. 3rd edition. Darmstadt 1922. pp. iv -f- 378. 

Meyerhof, Otto. Chemical dynamics of life phenomena. 
Philadelphia 1924. pp. 110. ill. 

Miholic, Stanko S. Chemical analysis of the mineral water of 
Lipik. (A summary of the paper published in “ Bad ” 1923, 228.) 

Mikroohemie : Zeitschrift fur das Gesamtgebiet der Makro- 
chemie und Mikrophysik. Year I, etc. Wien 1923 +. ( Beference .) 

Miller, Lewis B. On the composition of the precipitate from 
partially alkalinized alum solutions. (From the U.8. Public Health 
Beports, 1923, 38.) ill. 

Mills, Adalbert P. Materials of construction : their manu- 
facture and properties. 2nd edition. Edited by Harrison W. 
Hayward. New York 1922. pp. x + [480]. ill. 

Mitchell, Charles Ainsworth. See Allen, Alfred Henry. 

Mitchell, Charles Ainsworth, and Hepworth, T. Cradoor. 
Inks : their composition and manufacture. 3rd edition. London 
1924. pp. rvi + 336. ill. 

Mitchell, C. W., and Davenport, S. J. Hydrogen sulphide 
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The azo dyes a nd other monocyclic colours. Part XVUI. 
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MOllbr, Erich. Das Eisen und seine Verbindungen : eine 
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Abschnitt fiber “ Die Legierungen des Eisens,” von Georg Grtibe. 
Dresden 1917. pp. viii + 658. ill. 
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Myers, Victor Caryl. practical chemical analysis of blood. 2nd 
edition. London 1924. pp. 232. ill. 

National Association of Master Bakers, Confectioners 
& Caterers. Exports on research at the National Bakery School, 
London, conducted by Charles Doree and John Kirkland. 
(From the Nat. Assoc. Review, 1924.) ill. 
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Neuburger, Maximilian Camillo. Kristallbau und ESntgen- 
strahlen : mit besonderer Beriicksichtigung der experimentellen 
Ergebnisse der Kristallstrukturforschung. (Sammlung, Vol. 
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Oliver, Thomas. [Editor.] Dangerous trades : the historical, 
social, and legal aspects of industrial occupations as affeoting 
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Olsen, John Charles. See Van Nostrand. 

Oppenheimer, Carl. Die Fermente und ihre Wirkungen : 
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pp.vi + 104, ill. (Two copies.) 

Osborne, Thomas Burr. The vegetable proteins. 2nd edition, 
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Osmond, Floris. The microscopic analysis of metals. Edited 
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and A. Kuhn. Manipulations de chimie oolloidale. Translated 
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, Oural. Ecole Supdrieure des Mines. Annales. Vol. I. 
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and pressure. Edited by R. A. Frazer. London 1924. pp. viii + 
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Partington, James Riddick, and Shilling, W illiam George. 
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Paul, Cedar. See Berthoud, Alfred. 

Paul, Eden. See Berthoud, Alfred. 

Paul, James Hugh. Boiler chemistry and feed water supplies. 
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Physical Society of London. Report on radiation and the 
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Poliitt, Alan A. The technology of water. London 1924, 

. pp. 168 . ,, , 

Polskibgo Towarzystwa Chemicznego. Roozniki Chemji. 
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2nd revised and enlarged German edition by Ernest Fyleman . 
London 1924. pp. xvi + 190. ill. 
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London 1924. pp. 222. ill. 

Smith, Philip A. See Bloch, EugSine. 

Smythe, John Armstrong. Lead : its occurrence in nature, 
the modes of its extraction, its properties and uses, with some 
account of its principal compounds. London 1923. pp. viii + 
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Stewart, Alan West. A manual of practical chemistry for 
public health students, 2nd edition. London 1924. pp, xiv + 
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pp. xxii -j- 900. ill. ( Reference .) 

Vellinger, Edmond. See Ostwald, Wolfgang. 

Vitas, Maurice, and Dupont, Georges. R&ines et t<5r<5- 
benthines : les industries derivees. Paris 1924. pp. 656. ill. 

Vinal, George Wood. Storage batteries: a general treatise 
on the physics and chemistry of secondary batteries and their 
engineering applications. New York 1924. pp, viii + 402. ill, j 
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